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LT e e el *@0002* METHOD OF TREATI NG | SCHEM A REPERFUSI ON

| NJURY USI NG ADENCSI NE RECEPTOR ANTAGONI STS Technical Field of the

I nvention [0001] This invention relates to cardiology, nmedicinal 5

chem stry and pharmacol ogy. Mre particularly, it relates to A2b adenosine
recept or antagoni sts and preventing or treating ischem a reperfusion
injury. Background of the invention 10, [ 0002] The cessation of blood flow
and oxygen delivery to a tissue induces a condition known as ischem a.

“nypori 2. - Bot ARG Y50 o, 17" br of ongea.  can result in the Toss

of function in thesyids tissue and even cell death. There are numerous
conditions, both natural and iatrogenic, that cause ischem a and hypoxia
i ncludi ng, but-—not limtedto—eocclusive vascul ar di sease, coronary

t hr onbosi s, cerebr ronbosi s, aneurysm rupture, general 20
henorr hage, crush l@ﬂ@ﬂ“ﬁﬂ B
vasculo-occlu5|ve

S, severe cutaneous burns,
ni ques (such as spinal ischem a during
t hor acoabdom nal aneury@%$%urgery) cardi opul nonary bypass procedures,
organ transpl antation, cardi opul nonary col | apse (sudden cardi ac death),
and suffocation. [0003] Conventional treatnent for ischem a and hypoxia
is to restore bl ¢EFHPPOW AREADXYEG IS CHEMIHERYPHRFUSDOMBINIURY USING
ADENOSINE RECEPTOR ANTAGONISTS

|V
I

Technical Field of the Invention

[0001] This invention relates to cardiology, medicinal
»5 chemistry and pharmacology. More particularly, it relates
to Az, adenosine receptor antagonists and preventing or

treating ischemia reperfusion injury.

-Background of the Invention

10 [0002] The ceséation of blood flow and oxygen delivery
- Lo a tissue induces a condition known as ischemia. |
Sgbstantial reductions of oxygen delivery induce a
. condition known as hypoxia. Both ischemia and hypoxia, 1f
prolonged, can result in the loss of function in the
15 tissue and even cell death. There are numerous
conditions, both natural and iatrogenic, that cause
ischemia and hypoxia including, but not limited to,
occlusive vascular disease, coronary thrombosis,
cerebrovascular thrombosis, aneurysm rupture, genéral
20 hemorrhage, crush injury, sepsis, severe cutaneous burns,
vasculo-occlusive surgical techniques (such as spinal
ischemia during thoracoabdominal anedrysm surgery),

cardiopulmonary bypass procedures, organ transplantation,



5 level s, either by increasing general oxygenation or by renoving the

cause of the vascul ar bl ockage. Restoration of blood flowresults in -

i mproved out cones when conpared to situations wherein ischem a or hypoxia
are maintained for |onger periods of tine. However, it is well 10

~recogni zed that the restoration of blood flow and oxygen delivery can

cause additional cell death and | oss-o0f - function independent of the damage

caused by ischemia or hypoxia. This additional damage induced by the

restorati on e&frdalog@thdl-0y agd; n,4delivery is known as 15 reperfusion
injury. The %)Q{Fadogi_ cal fissue ae?rgsggg%ﬁscé‘&\é*w Y& udR@dn i njury appears
to be sinlatttd®atPacute inflammtory condition, resulting fromthe '

adherence of [0003f| amBheey: Lld1S thealhe, rfused .tissues, activation -of
these infl anat or%\ecel |s and the srulaolsequtreﬁft%gésrl%}eértliaoﬁnﬁohﬁoxﬂﬁee radi cal s
n

.(Granger et al° ARA-CTRefLio®hyfsion and 57xyges1de B3R ry( 1896)3maiThe generati on

of free Padilcaledsandithethey GyHQRLQXHE ol e es wW.thin reperfused tissue
her necfoés)‘:s or %ﬂlgaegai vatioh 8t the

can induce xfeﬁllolvlgg%%@ b% eit . )

apopt osi s pat hway. [ 000 CAdéRBsTHEYierahloqhtacacel Resarraaten

extracel | ul & bhesseriger rgenarsatadihyrldd Gﬁiéoﬁneisnw%xgﬁ cpgrgﬁérsat s also
d

gener at ed e&grgggﬁgﬂl |y, by .enzymatic conversion. [schem™C hypoxi ¢
ti ssues generate | ncroggs‘g%%&gnﬁgﬁl%a Of BRNES REe meintahieebr eakdown of

adenosi ne t fophdpteat eer Boig AFPLider i npwener gy +CQasyapii on. These adenosine

receptors arecdiyiAed:hat ofour kno subtypes (i.e., A., Aa, A and A3)
based on thej E,érel ative af fnienilfteﬁ ot Vafi osdéneY ard ceyept or | i gands

and by sequéfitVarY &AEISa4se etdishemleneatli dupthhase 1egeptors. The
activation dineatdh Qhabfndablt ypesh&ld-ghls unique and

by ischemia or
hypoxia. This additional damage induced by the
restoration of blood flow and oxygen delivery is known as

15 reperfusion injury. The paradoxical tissue damage caused
by reperfusion injury appears to be similar to an acute
inflammatory condition, resulting from the adherénée of
inflammatory cells to the reperfused tissues, activation
| of these inflammatory cells and the subsequent generation

<20 pf free radicals_(Granger et al. Ann. Rev. Pbysiol.; 57,
311-332, (1995)). The generation of free radicals and.
other cytotoxic biompleculés within reperfused tissue can
induce cell death by either necrosis or by activation of
the apoptosis pathway.

25 [0004] Adenosine is an intracellular and eXtracellular
messenger generated by all cells in the body. It is also
generated extracellularly by enzymatic conversion.
Ischemic and hypoxic tissues generate increased quantities
of adenosine, via the breakdown of adenosine triphosphate

30 (ATP) during energy consumption. These adenosine
Teceptors are divided into four known subtypes (i.e., A.,
Azay Apm, and A;) based on their relacive affinity for

vari . .
arious adenosine receptor ligands and by sequence



" Cell. Cardiol.,

soneti mes opposing effects. [0005], Three of the four adenosine receptor
subtypes 5 are known to influence the function of inflamuatory cells
during reperfusion injury. Activation of AZa adenosi ne receptors has been
. shown-to suppress the rel ease of oxygen free radicals fromstinulated
neutrophils, to reduce the adherence of neutrophils to vascul ar
endot hel ium and to 10 suppress neutfophilic rel ease of. TNF and LTB4 (see,
e.g., Cronstein et al., J. imunol ogy, 148, pp. 2201-2206 (1992); Thiel

tal.,. (1 15 Lo geGLi Nep, K t al., J.
Expa Med. ( %g%)lyg 14 1%%?1949@9)“{3 %‘g%eo&&éfpf%r ontTF‘Ss{ utrrg tehea

anti-infl amﬁsf’ttdl”?}é)b‘frf &t §26F Ofltheaderngiave el bcept amigatiamtion, activation
of Al recepidnesihas d@;@@hﬁ@oélﬁetc@spr onot e chenotaxi s and phagocyt osi s by

sti mul at ed n phils, se Cronstein et al. (1992), supra; Sal non
et al. @btoniunol’%ﬁﬁ 'ﬁg tl'k?pIOEQS@W@@)HG(&@%t)oraawbﬁweprormte |

m)nocyt e5 di fefrer Enbwr&tﬂd)ﬂnltﬂltl@ldgjltt’lé need @abed, gi 5 - rill et al.,
Arth. Rheum, (Jéf308 1315 (1997 m?eo%gl %ﬁg{;ovyagcpfg; of A

receptors on vasCu Hab?%ellrija‘ﬁycelg%tlﬁﬁem@f ifnf lagdlemesien and ti ssue
injury 25 |r|¢captmdelhaef beepeitowai 00 dupHeys th heheart lggg&er et aI

Pharm - Phar. o t.te 1992); Schwartz et
e l:adlLC%lts éﬁd?m 9'%8’%%‘1569%)“'3 Zéﬂﬂ’}éflset tg| reducgr ﬁh@vascul ar

Res., 28, p&dhEBWe pgme@u@@my,lsami WeaicBAr edndthe1dum PRAGMBGO! . EXp.
‘Ther., 180 ?s%%%ggss Q,p,utgggnﬁ (gg Qs)e o[fogg,_z] Activation of the A2b

receptor can a to pro- |n amrator‘ o9 JiTPr d$°8ucth 9as an i ncr eased
production &FOPEEEY Sltt at amat dmmahology, Ch$n.pd.neest-220¢ 4

(1992); Thiel et al., (1995) J. Lab. Clin. Med., 126, pp.
275—232; Krump et al., J. Exp. Med., 186, pp. 1401-
6(1997)).

15. [0006] In contrast to the anti—inflammatory effects of
Az, adenosine receptor -activation, activation of A
receptors has been shown to promote chemotaxis and
phagocytosis by stimulated neutrophils, (see, é;g.,
Cronstein et al. (1992), Supra; Salmon et al., J.

20 ° Immunology 145, pp. 2235-2240. (1990)) and to promote
monocyte differéntiation into multinucleated giant cells
(Merrill et al.,'Arth. Rheum.,_40, pp. 1308-1315 (1997)).
Moreover, activation of A; receptors on vascular
endothelial cells promotes inflammation and tissue injufy

25 in & model of reperfusion injury of the heart (Becker et
al., Pharm. Pharmacol. Letters, 2, pp. B8-11 (1992);
Schwartz et al., J. Mol. Cell. Cardiol., 25, pp. 527-93%
(1993); Zahler et al., Cardiovascular Res., 28, pp. 1366-
1372 (1994); and Forman et al., J. Pharmacol. Exp. Ther.,

- 30 282(3), pp. 929-38 (2000)).
: [0007) Aqtivation of the Az, receptor can alsc lead to
pro—in@lammatory activities such as an .increased

production of IL-6 (Sitaraman et al., J. Clin. Invest.,



107, pp. 861-9 (2001), and nast cell degranulation, a hallmrk of |ocal

i nflammation (Linden et al., Life Sci., 62, pp. 1519-24 (1998); and
.Auchanpach et. al., M. Pharmacol., 52, 846-60 (1997)). In addition,
activation 5 of A2b receptors in vascul ar snooth nuscle cells leads to

| oss of cells via direct stimulation of apoptosis (Peyot et al., Grec.
Res., 86, pp. 76-85 (2000)). [0008] Cwrrent treatnents for - o

i schem a-reperfusion injury only adequately treat the ischem c danage by
10 restoringgbl _fdg@woan ygepation. However, the damage caused by
reperfusion inj 8?% iés(Sq &é?%ﬁsy' gﬁgen}af r]Cr ggﬁgqeg?a}%}éﬁi’@atq onal treatnents
for ischem a'[‘-allé‘ﬁ%ﬁ”f i efAcal nigifddena tieorus@iofieadenegi.ner ansd @denosi ne

anal ogs as wel, | ppasiginhbbi ti03,0f ;th (um cal ci ym exchange punp on the
15 ischemc %yoc tes. These thér aai e?%%\%\né\algg,‘taﬁg'no‘fmlsuf ficiently
adequat e. Fdr2E%anl e, theB4fsé0of 1 3onosi Ae addit iatenast netasal 0gs i s

bur deneds by drhe,undesivcabl en wffgets Sfodepresser activity and bradycardia.
Simlarly, lioghiob% tci qn_of . the sodi ur ca? ci um%ééghacn%elspll]lﬁ%d%pfot he 20

i scheni ¢ nyodyted i€ it HatityiHtechetded atiodoes apobtopisviryoor treat the

i nfl amat or yptcehdi tdions Besthee, dbg.ecte-sst i ppih@t)i on of apoptosis. Thus,
there remai ngoggneed new_phar maceutical | y acceptabl e conpounds and
conposi ti ong fojr1 prg&g% Illtng,regjlgrﬁ?rltisng%r3?‘1‘%%&%%@@%@??@#1'0& reperfusion 25

injury. Sunibyrofonlieademetel pnt fL00%heApphh &ant Sahaye ol ved the above

probl emdy rdis&over LG A2b. adenosi ne receptor antagonists are 30
capabl e of preven;ﬁ%ng, ?(’F nrﬁtoi‘”ﬁén%roﬁyrgggf‘{;hﬁni sCIERT &L r ébér Hasaam i nj ury.

The i nvent i 6A“$¥ &YesePer fusien hw Uror Lspyenvertinginkd Mdl-ageQr treating
i schem a repavédsicaniohd Wrkatfled STARRL JLhat, has undergone an ischem c

emia-reperf
event or . " Tooeen
include the use of adenosine and adenosine analogs as well

as inhibition of the sodium~calcium exchange pump on the

15 ischemic myocytes. These therapies, however, are not
sufficiently adequate. For example, the use of adenosine
and adenosipe analogs is burdened by the undesirable.
effects of depressor acffvity and bradycardia. Similarly,
inhibition of the sodium-calcium exchange pump on the

20 lischemic myocytes is inadequate because it does not
-pre?ent or treat the imflammatory conditions or the ‘direct
stimulation of apoptosis. Thus, there remains a need for
new pharmaceutically acceptable compounds and-compositions
for p;eventing, limiting Oor'treating ischemia reperfusion

25 injury. ‘

Summary of the Invention

fooo09] Applicants have solved the above problem by
discovering that A, adenosine receptor antagonists are

30 capable of preventing, limiting or treating ischemia
reperfusion injury. The invention relates to a method.for
breventing, limiting or treating ischemia reperfusion

0 . ) >~ . 3 . 3 ‘
injury in a mammal that has undergone an lschemic event or



5 in which an ischem c event is inmnent using A2b adenosi ne receptor

ant agoni sts.. The conpounds useful in the nethods of this invention exert
their desirable effects through specifically antagonizing or blocking the
A2b adenosine 5 receptor. [0010] In sonme enbodi ments, the methods of this
invention conprise adm nistering to a gati ent a therapeutically effective
or .prophylactically effective anount of~ an A2b -adenosi ne receptor- within
ten days before 10 or after the ischenic event. [0011] In sone enbodi nents
of the inventd ofrichhmn AZheatlerosinneiseorpineht @élitr?gg%gg Saehss & compound of
formula (1) ; > RA-R5 X2/ N X33RZ 15 or a pharmaceutically
“accept abl e s’%‘%%epgg’_‘ %no%gggf%ﬁgreg S CRIRIECT: “each dft Rbe methogad R3,

i ndependent I8% Gh4s inpentydnogent 20eby @siGaBlkydsrdo2s6ralkepyl, or C2_6
al kynyl; whesreiarsaidh al.kenyl ,, or alkynyl is ejither unsubstituted
or _subs itutfd'with oyngkg%{&%l?élﬁgu%gt]P??Jcéqﬁtg g%f dee &fPs§iRet he group
consi sting o?eq’ﬁ?a?’éxy, al koxy, am no, nonoal kyl am no, dial kyl am no,

cycl oal kyl, @ogb] 25 hekeho i@k - al , erocyclyl al kyl, acyl am no,
al kyl ani nocar bonyl, al kyl sul for??llamrenﬁ%%’, kt?ﬁdmgglho){ﬂ é’%ri ﬁ%éﬁl fonyl; c) -
substit uted l&veﬁﬁéﬂbﬁof“?ﬁ%%% aSinisberig $abstpatiteed or unsubstituted

het er ocycl yltherafeutically effective or prophylactically effective
amount of an A,, adenosine receptor within ten days before
10 or after the ischemic event.
[0011)] " In some embodiments of the invention, tne Bop

dencsine receptor.antagonist 15 a compound of formula (I)

/‘\ | />~ TR @
X5 N X3

15
Or a pharmaceutically acceptable salt or N-oxide thereof,
wherein:
eech of Ri, Rz, .and R;, independently, is£
a) hydrogen; _

20 b) C:.s alkyl, Cog alkenyl, or Cs.g alkynyl; wherein said
alkyl, alkenyl, or alkynyl is either unsubstituted or
substituted with_one Or more substituents selected from
the g;oup consisting of hydroxy, alkoxy, amino, |
monoalkylamine, dialkylamino, cycloalkyl, aryl,

25 heterocyclyl, aralkyl, heterocyclylalkyl, acylamino,
alkylaminocarbonyl, alkylsulfonylamino, and
alkylaminosulfonyl;

c) substitunted or unsubstituted aryl; or

d) substituted or unsubstituted heterocyclyl;



R4 is a single bond, -0-, - (CH2) 1_;-, -0 (CH2) 1-2-, -CH2OCH2-, .
-(CH2)1_20-, -CH=CHCH2-, -CH=CH-, or -CH2CH=CH; R5 is: (a) phenyl, or 5
(b) a bicyclic or tricyclic group selected fromthe group consisting of: O
0 and wherein the phenyl, bicyclic, or tricyclic group is either
~unsubstituted or substituted wth one or nore R groups, 10 which is

sel ected fromthe group consisting of:6¢a) ClL 6 alkyl, C2 6 al kenyl, or

"-C2_6 al kynyi ; wherein said alkyl, alkenyl, or al kynyl group i s each either

unsubsti t ut eq D&eﬁ@bﬁ@iétﬁdﬁ@,WLbh,OW@HQH-ﬂQreo?@@ﬁthtyeﬂ%ﬁpcgglected from .
the group cq&gVStiﬁg of _am no, nonoal kyl am no, 15 dialky am no, substituted
or unsubst i t Utdd = Het er OCy Ve am 1HcSEborRA ~CHEGERSH0Y ( Rb) '
~acyl hydrazi ¢l car bonyi -, -(am no) . (Rb) acyl oxycarboxy-, (hydroxy)
.(carboalkoxy&gléghgayb%gnyl, acyl oxy, al dehydo, 20 al kenyl sul fonyl am no,
al koxy, al koxycarbonyl ,”~ al kyl am noal kyl am no, di al kyl am noal kyl am no,
al kyl pho8phofio, 2 dp dopicd ikt onyd iniynd;c eardianeylectr £rB BhkQxYap Rb-al
kyl am no-, ¢yane tﬁ%ﬁggalkylcarbanoyl, cycl oal kyl ami no, dial Kyl phosphono,
hanaIkyIsquonyTanlno,' 25 heter-ocyc' !yl al kyl arrLi nc,
het er ocvcl yl car banoyl , h*droxy, - hydroxyal kyl sul f onyl am no, oxi m no,
phosphono, substituted or “ynsubstituted aralkylam no, substituted or
“unsubstituted ryl car boxyallkoxycar bonyl , fsubstituted or unsubstituted
het er oar yl sul am no, (tuted or ubstituted -

Wnn s

. ’ - 2
4& ‘ O
0O
. s , and %

wherein the phenyl, bicyclic, or tricyclic group is either

unsubstituted or substituted with one or more R, groups,
10 which is selected from the group consisting of:

(a) Ci-g alkyl, Cog alkenyl, or Cs_¢ alkynyl; wheréin
said alkyl, alkenyl, or alkynyl group is each either
unsubstituted or substituted Qith one or moré substituents
-selected_frdm the group consisting of amino, monoalkylamino,

15 dialkylamino, substituted or unsubstituted
~heterocyclylaminocarbonyl,
(amino)(Rb)acylhydrazinylcarbonyl—;
(amino)ij)acyloxycarboxy—,
(hydrOXy)(carboalkoxy)alkylcarbamoyl, écyloxy, aldehydo,
20. alkenylsulfonylamino, alkoxy, alkdxycarbonyl,
alkylaminoalkylamino, dialkylaminoalkylamino,
alkylphosphono, élkylsulfonylamino, carbamoyl, Ry~, Rp-
alkoxy-, Rp-alkylamino-, cYano, cyanoalkylcarbamoyl,
cycloalkylamino, dialkylphosphono, naloalkylsulfonylamino,

25 heterocyclylalkylamino, heterocyclylcarbamoyl, hydrozy,



5 heterocyclyl, thiocarbanoyl, and trifluoronethyl; and (b)
(al koxycar bonyl ) ar al kyl car banoyl , al dehydo, al kenoxy,

al kenyl sul fonyl am no, al koxy, al koxycarbonyl, al kyl carbanoyl,

al koxycar bonyl am no, al koxycarbonyl al kyl am no, al kyl sul fonyl am no, 10

al kyl sul fonyl oxy, am no, am noal kyl ar al kyI carbanmoyl, am noal kyl car banoyl ,
am noal kyl het erocycl yl al kyl car banoyl-,-7 - S

am nocycl oal kyl al kyl cycl oal kyl car banoyl, ami nocycl oal kyl car bamoyl ,

ar al koxycar l&gayﬂﬂﬂk@isuﬁfé/rlxﬁ%t’n@ﬁQCy&JlWlnoarR%lle on@ yéﬁ)ﬁtﬁpﬁ fm no,

aryl sul f onyl %{ car banoyl , carbon oxy- thio-,
Rb- al kyl (a|°|=Ey ‘)‘S%ﬁﬁ%uLe%baraé|kk§ﬁrcﬂa1q<y|syéam@wgq or wmskytamcno-

Rb- al kyl car b@m)cyérboxthDk@i{ﬂfd’drﬁa@hcpﬁﬁmst%u@egﬂﬁlﬂnsgﬂéf AL.0g,
Rb- al kyl t hi cI | car bonyl , am noal kyl am nocar bo. nyl, 20

di al kyl ani ng‘ﬁftﬁﬁ?aaﬁﬁei LRP n o ISR RS, Og yHfeRstEyudegdal kyl ani no,
di al kyl a#ni nmtky&w@amyﬁ;ombagm ah@t ewey@iwnehk?li angnpo, hydroxy,
oxi m nc, phospha iﬁéoSt't ted. or Litr}%[libstl tuted aral kyl am no, substituted
or unsubstitut ed et'&F 55T on%b%rﬁ EGTBPUHsubL R f%d 25

- het erocycl yﬂSaMmylaakényﬂ,snsufbhpxayamyﬂ amilRexy And kokht oganbapoyl ; Rb is

sel ected frgl ﬁfb@a&%&wl%%%kﬁ% ylé(r)n?% R-CP(CBC::-I? ZSIZI' -C:?\IHNHSOZCF&

-NHCO\IHSOZRﬁlKQNFWHEYlaQWLaNHS@deyﬁNHS@Wo, - OPO3H2r -0SG8H, - PO
S R Sy R MG IR, 00 e

followng: 8 - \~ CF3
aminoalkylcarbamoyl, amﬂnoalkylheterocyc1ylalkylcarbamoyl

aminocycloalkylalkylcycloaiKyWcarbamoyl
aminocycloalkylcarbamoyl, aralkoxycarbonylamino,
arylheterocyclyl,_aryloxy, arylsulfonylamino,

15 arylsulfonyloxy, carbamoyl, carbonyl, Rp-, Rp-alkoxy-, Rp-
alkylthio-, Rp—alkyl (alkyl)amino-, Rp—
alkyl (alkyl) carbamoyl-, Rp-alkylamino-, Rp-alkylcarbamoyl-,
Rp-alkylsulfonyl-, Rp-alkylsulfonylamino, Rp-alkylthio, Rp-
heterocyclylcarbonyl, aminoalkylaminocarbonyl,

20 dielkylaminoalkylamino, alkylaminoalkylamino, cyano,
cycloalkylamino, dialkylaminoalkylcarbamoyl, halogen,
heterocyclylalkylamino, hydroxy, oximino, phosphate,
substituted or unsubstituted aralkylamino, Substituted or
unsubstituted heterocyclyl, substituted or unsubstituted

25 'heterocyclylsulfonylamino, sulfoxyacylamino, and
thiocarbamoyl
Ry, is selected from the group consisting of -CO0H,
-C(CF3)20H, -CONHNHSO0,CF3, -CONHORc, —-CONHSO;R,,
—~CONHSO2NHR, —C(OH)RCPOQQ, -NHCOCF3, -NHCONHSO,R., -NHPO3H,,

30 -NHSOzRc, -NHSO,NHCOR., -OPGsH,, -O503H, -PO(OHE)R., -PO3H,,
-SO3H, -SO;NHR., -SO3;NHCOR., -SO3;NHCONHCO,R., and the
following: -



N HOsss /Z, 2, HHR NNONNINOH  OH NN~ NHNHHRc Rcis
sel ected fromthe group consisting of hydrogen, -Cl1 4 alkyl, -ClL 4 :
al kyl - CO2H, and phenyl, wherein the -Cl_4 alkyl, -Cl1_ 9 alkyl-CQ®2H, and
phenyl groups are either unsubstituted 5 or substituted with one to three
substituents selected fromthe group consisting of halogen, -OH -QOW,
-NH2, -NO2, unsubstituted benzyl, andg benzyl substituted with one: to
three substituents selected fromthe group consisting of hal ogen, -OH,
-Ove, -NH2, angb-NO2; 10 Xi and X2 are independently selected fromthe
group .. con5|str ~ef O and S and X3 i Nor CRd wherein RU IS selected

fromthe group |co 'ﬁtlnd“of\ a) hy¥rogen; 15 CL_ eV al
| i NI Ky, Nkenyﬂ kynyl is

al kenyl ,, or 6 kynyl €T Bi n

ei ther unsubstitgfed orHo subs{i#t ut.ed, Wit h -or} N nnr suﬁstltuents sel ect ed
from the group clonsisting of hydroxy, Ikoxy arfl no, nmonoal kyl am no,

di al kyl am no, cycl qal kyl, aryl 20 heterocyclylo ar al kyl ,

het er ocycl yl al ky écylanl@ﬂ'\ al kyl nocar bon aIkyIsqu onyl am no, and
‘al kyl am nosul f onyl /c) sub tltwtedé ‘q§ubst'. §ry| and d)
substituted of, ns¢bst|tu ety het e @€x§1yl.é—$ [10012] In some enbodi nents

of this invent R1 |&M§1 &

R. is selected from the group consisting of hydrogen, =-Ci_,
" .alkyl, -Cij.4 alkyl-CO;H, and phenyl, wherein the -C;_, alkyl,

—-C:-q alkyl-COzE, and phenyl groups are either unsubstituted

5 or substituted with one to three substituents selected
from the group consisting of halogen, -0H, -OMe, -NH,,
-Noz,runsubstituted benzyl, and benzyl substituted with one
to three substituents selected from the group consisting
of halogen, -OH, -OMe, -NH,, and -NOy;

10 X; and X, are'independently selected from the group
consisting of 0 and S; and
X3 1s N or CRd wherein Ry is selected from the group
con51st1ng of:

- a) hydrogen;
15 b) Ci.6 elkyl, Ca-g alkenyl ,or Cz alkynvl wherein
' said-a;kyl,'elkenyl, or alenyl is elther unsubs 1tuted or
substituted with one or more substituents selected from
the group consisting of hydroxy, alkoxy, amino, |
monoalkylamino, dialkylamino, cycloalkyl, aryl,

20 heterocyclyl, aralkyl, heterocyclylalkyl, acylamino,
alkylaminocarbonyl, alkylsulfonylaminoc, and
alkylaminosulfonyl;

c) substituted or unsﬁbstituted aryl; and

d) substituted or unsubstitnted heterocyclyl.



alkyl. In some embodinents,

- hydrogen. 1In some enbodi nents, R4 is a single bond. .5 [0013] In sone
enbodi ments of the invention, R5 is a substituted phenyl. |In other

enbodi nent s,
the group’

al kenyl ,

R2 is C1_6 alkyl. In sone enbodinents;

R5 is a substituted bicyclic or tricyclic group selected from
consisting of: RaARa Ra O ROa7 FZa Ra and 10 In yet
ot her enmbodi nents, R5 is or whereinsad RS is either unsubstituted or
substituted with one or nore Ra groups selected fromthe group consisting
of : 15 (a) | Kylsn Oy Lo rein_ said .alkyl,
orquﬁiﬁyl d?b%%m?§ﬁ%§§ i nt% of thds '¥I¥h9§ %% 18ubstit ut ed mnth
one or nore B3B3t t erfege @@C@eﬂedtﬂoﬁn ttheczg; cupytonsirstdomg of am no,

unsu

al kyl ani no,en@oak k¥i & B F,lssupazacgéﬂedlgr e 'ﬁ&@ég&,

heterocyclylanlnocarbony
(am no) (Rbf”é@??o%?&%rboxy- 10 (hydroxy) (carboalkoxy)alkylcarbanDyI,

am no

acyl oxy, s al deioydo, @hk%BMé&MbE@BME§%37E¥ 8k KOYenalkoxycarbonyl

alkylanlnoalﬁg

10

15

20

kalgylanlnoalkylanlno
sti utec pheny In other embodlments, Rs is a

substituted bicyclic or tricyclic group selected from the

group’' consisting of:

’% Ra R
a
M’\n . 3 )
Ra
g o]
Ra . Ra R
a
o, and
MM". . an v,

In yet other embodiments, Rs is

P

R
wherein said Rs is either unsubstituted or substituted with
one or more Ra groups selected from the group consisting
of:

(@) Ci-s alkyl, Cp-s alkenyl, or Cy.¢ alkynyl; wherein
said alkyl, alkenyl, or alkynyl group is each either
unsubstituted or substituted with one or more substituents
selected from the group consisting of aman,
monoalkylamino, dialkylamino, substituted or unsubstituted
heterocyclylaminocarbonyl,

{amino) [Ry) acylhydrazinylcarbonyl-,

(amino) (Ry) acyloxycarboxy-,

% 1S a
raziny c,arrnnyl



al kyl phosphono, al kyl sul fonyl am no, carbanmoyl, Rb-, Rb 5 al koxy-,

Rb- al kyl ami no-, cyano, cyanoal kyl carbanoyl, cycl oal kyl am no,

di al kyl phosphono, hal oal kyl sul fonyl am no, heterocyclyl al kyl am no,

het erocycl yl car banoyl , hydroxy, hydroxyal kyl sul fonyl am no, oxi m no,
~phosphono, -substituted or unsubstituted aral kyl am no, substituted or 10
unsubstituted aryl carboxyal koxycar bonylo, -substituted or unsubstituted
het er oaryl sul f onyl am no, substituted or wunsubstituted heterocyclyl,

t hi ocar banoy|, hy&%‘iyf %éd%&é@k%ﬂ{hﬁégacé‘?&'@( l?y) él(’ls%:lg ygﬁ;#gﬁ%ﬁ%i al koxy,

ar al kyl car banoyl nox
al koxycar bon?JrKenYéPRWQfé/rlﬁé}hﬁyl aJaQOKMxy@bkdamwh:bamyho

al koxycar bonyi gl&yﬁhmln@,laﬁhgyl Sd&'aleE!]L_\ (%q#g MA sul f onyl oxy, am no,
car

am noal kyl ar aJe ar barmoyl , .~ am noal
ani noal kyl hef }f%%@‘eF Ofﬂokyﬁéél’b%h}ﬁﬂ“)’ gpino, Carbamoyl Ro=, Ru-

ani nocyclhoal kykaikyl eyehastdilear bamud . c@ipooucloabiylcar bamoy!
aralkoxycarbgq&!agkng arylheterocyc g ary oX aryl's fonylanlno
aryl sul f onyl 8%Y,%%c&f 3} BoRPPsrhegn, hrpoa ]fdda@wifORbLanalnbyl t hi o-,
Rb- . al kyl (ahktgdr)oamm-a,lkﬁbaﬁﬁxcal Iﬁytéﬁd;@/d_)yqagp@gﬂgw =@l Kyl ami no-,
Rb-alkylcarbgﬂg%Jy% Su§f0¥ fulfon yl -, Rb-alk Isulfony am no,
Rb- al kyl t hi o eher Sey IV EL S on iy nBQPR@H%?ﬁInéE’a?WV?d
dialkylanino%ﬁlqﬂsah$1wiutaﬁkyt@&hyﬂ@&hky]ankma;tﬁyéuubr cycl oal kyl am no,
di al kyl agi nogldodsear banpuly1 baliagen, (20, heter ovel ylal kyl am o, - hydr oxy,
t

oxi m no, phosphate, substitute
or  unsubst i PRAURECRE Etesk beyerqarylsubsentismedoor sunsiihsted wed - 11 -

het er ocycl yl sidubeByh i Qe subdRAYACYLATNG, 00  thiocar banoyl .
trifiuoromethyl; and
(b) (alkoxycarbonyl) ralkylcarbamoyl, aldehydo,

15 alkenoxy, aikenylsﬁlfonylamino, alkoxy, alkoxycarbonyl,
alkylcarbamoyl, alkoxycarbonylamino,
alkoxycarbonylalkylamino, alkylsulfonylamino,
alkylsulfonyloxy, amino, aminoalkylaralkylcarbamoyl,
aminoalkylcarbamoyl, aminoalkylheterocyclylalkylcarbamoyl,

20 aminocycloalkylalkylcycloalkylcarbamoyl,
aminocybloalkylcarbamoyl, aralkoxycarbonylamino,
arylheterocyclyl, aryloxy, arylsulfonylamino,

--arylsul:onyloxy, carbamoy*, carbonyl, Rpy-, Re-alkoxy-, Rp—
alelthlo—, Ry~ aleL(alkyl)amlno—, Rp-

25 alkyl(alkyl)carbamoyl-, Ry~ alkylamlno—, Rp—-alkylcarbamoyl-,
Rp-alkylsulfonyl-, Ry~alkylsulfonylamino, Rp—alkylthio, Ryp-
heterdcyclylcarbonyl; aminoalkylaminocarbonyl,
dialkylaminoalkylamino, alkylaminoalkylamino, cyano,
cycloalkylamino, dialkylamihoalkylcarbamoyl, hélogen,

30 heterocyclylalkylamino, hydroxy, oximino, phosphate,
substituted or unsubstituted afalkylamino, substituted or

unsubstituted heterocyclyl, substituted or unsubstituted

éfllk Fefi%%0. substit ut ed



[0014] In sone enbodinents of this invention, Rais selected fromthe
group consisting of: 5 (a) C, _o alkyl, Cz o alkenyl, or C2_6 al kynyl;
wherein said al kyl, alkenyl, or alkynyl group is each either
unsubstituted or substituted with one or nore substituents selected from
t he group consisting of am no, nonoal kyl am no, dial kyl am no, substituted
or unsubstituted i0 heterocyclyl am-nacarbonyl, (am no) (Rb

acyl hydrazi nyl car bonyl -, - (am no) (Rb) acyl oxycar boxy-, :

(hydr oxy) ( crehaaldsexy) &l kepharbamy by 85Y) 0XM., a'ng'eg,v%m . .
al kenyi sul f onyl am no, al koxy, al koxycar o¥1y‘f , al am noal kyl am no,
al kyl phosphbh®caEPRYPEY f onyl ani no,  carbanoyl, Rb-, Rb-al koxy-,

Rb-al kyl ani peo4icyanon sdavanesddir-nat baroyl ;o %%:ij'k | gm no,

di al kyl ar, , i noal kyl am no, di al kyi phosphono, hal oal’kyl'suf fonyl am no,

het erocycl yf& Wl%n?ﬁ%“,‘ 0 IRMR OBy e Py RArWEmOY| ,  hydr oxy,

hydroxyal kyl sul flanytagidikyl, oxifal@enphosehano, -suhshit Yhed af al kyl am no,
substituted, QI%H%aEb0§M9Ikgxyca&ﬁgnxl substituted ™ _

het er oar yl sUT oyl am no- - Sibst Tt GEEd" Kbt BV dBysach ehtbear bamoyl , and
trifluoronmettgdbstandt@d bpubst kaxyadaw bomydneaoal kytLanBamylental dehydo,

al kenoxy, alkenylguk A 1 no, al koxy, . al koxycarbonyl, _al kyl car banoyl
aIkoxycarbonjla#ﬁ%o,Lgﬁﬂ%%Q%Eﬁ%béﬁ?Fé%&@?%ﬁ?h&?lﬁ%kVP§BP%Bﬁ?ﬂ&ﬁpmo,
al kyl sul f on§Aagskylamimpo,suant noalddy bar ahkydcarhasoyl , 30 '

aninoah@ylcgggg%ggzglyfggﬂyg@gg%g terocyclylalkylcarbanDyI;
aninocycloalkylalﬁglcycloalky‘c rbamoyl, amino cy.cioal kylcarbanoyl,
ar al koxycar FHyPa lﬂ@FleY?FﬁéPéﬂé@Vchyﬂ;,aryIoxy, aryl sul fonyl'am no, - 12

(amino) (Rp) acyloxycarboxy-,
(hydroxy)(carboalkoxy)alkylcarbamoyl, acyloxy, aldehydo,
alkenylsulfonylamino, alkoxy, alkoxycarbonyl,

15 alkylaminoalkylamino, alkylphosphono, alkylsulfonylaminé,
carbamoyl, Rp—, Rp-alkoxy-, Re—alkylamino-, cyano,
cyanoalkylcarbamoyl, cycloalkylamino,
dialkylaminoalkylamino, dialkylphosphono,
haloalkylsulfonylamino, heterocyclylalkylamino,

20 heterocyclylcarbamoyl, hydroxy, hydroxyalkylsulfonylamino,'
oximino, phosphono, substituted aralkylamino, substituted
a:ylcarboxyalkoxycarbonyl, substituted
hgteroérylsulfonylamino, subStitﬁted heterocyclyl,
thiocarbamoyi, and_trifluorométhyl; and

25 (b) (alkoxycarbonyl)aralk?lcarbamoyl, aldehydo,
alkenoxy, alkenylsulfonylamino, alkoxy, alkoxycarbonyl,
alkylcarbamoyl, alkoxycarbonylamino,

-alkoxycarbonylalkylamino, alkylsulfonylamino,
alkylsulfonyloxy, amino, aminoalkylaralkylcarbamoyi,

30 aminoalkylcarbamoyl, aminoalkylheterocyclylalkylcarbamoyl,
aminocycloalkylalkylcycloalkylcarbamoyl,
aminocycloalkylcarbamoyl, aralkoxycarbonylamino,

arylheterocyclyl, arylozxy, arylsulfonylamino,



aryl sul fonyl oxy, carbanovl, carbonyl,. Rb-, Rb-al koxy-, Rb- al kyl (al kyl)
am no-, Rb-al kyl (ai kyl)carbanoyl -, Rb-al kyl am no-, Rb-al kyl car banoyl -
Rb- al kyl sul fonyl -. Rb- al kyl sul fonyl am no, Rb- aIkyIthlc :

Rb- het erocycl yl carbonyl, 5 cyano, cycl oal kyl am no,

di al kyl am noal kyl car banmoyl, hal ogen, heterocyclylalkylanino, hydr oxy,
oxi m no, phosphate, substituted aral R¢l am no, substituted heterocyclyl,
substituted heterocyclyl sul fonyl am no, sulfoxyacyl am no, and

t hi ocar banoyry1%01f&05ky) marusbﬁbvgrrb@glfm tls %f tﬁlfawk'ay(gtlgn Ra is

selected fr h p_consi t|n aIkyI or "al kenyl , each
of whi ch is%m %lg'jbg]fwafne?io ar §u?)9’f ?Aﬁ:"i"ﬁ’aﬁ‘ﬁélm nore substituents
sel ect ed frcﬁn@hleyl@mup—,ccmsalsltymrahmamno,Rbla'sl}{m@ggkgg{ A Q.
di al kyl am nq, t ynsL stl uted heter ocycl yl am noCar bonyl, Rb-,
Rb-al koxy-, lr}fg'%é%s‘%“&tl% “éf’ F Unsusticr uRedehet iy drgFeomid ( b)

al koxyca borwflaapkyCI:miaOﬁékylwramo, ahdl]twlﬁnﬂnyﬁalkiﬂﬁlﬁhmbpl sone enbodi nent s

of the inventig e iments, . X2 1s 0. In sone
embodi nent s, " Be?s hét%rg%ycﬁ%gfgggg%ge%orfbo gﬁ%’ﬁf 's O3B i nvention, each of

Rl and R2 pé‘oéﬁhﬂteal l?VLStJFBltIe§ hyatlageminRd swsaisibngie bond; each of Xi

and X2 is Oheaagoc})@ylls g{ibggqtgtggrhg{%gg the invention, each
of Rl and R2 %ce}pendently C2 yg‘lggfssul%%n& Jerhq’ R4 is a single

bond; each 51” lagsng g apd )f(@l?%aq\@anmya R5 is phenyl substituted with

Ra. [0D18] .[opMS] ot hen emhadienBalsmattd he tAveNntian.;gach of Rl and R2 is
C2_4 al kyl; R‘énc?eé"y‘d gen; R4 is a single bond; 30 each®f X1 and X2 is O;
X3 is N and RE-TS pﬁ@ﬁy?ne FaBEP| EWMBF MirehoRa; and Ra is selected fromthe

group consistinofCi-s alkyl or C,¢ alkenyl, each of which is
unsubstituted or substituted with one.or more substituents
selected from the group consisting of amino, |
15 monoalkylamino, dialkylamino, substituted or unsubstituted
heterocyclylaminocarbonyl, Rp—, Rb;alkoxy—, and substituted
or unsubstituted heterocyclyl; and
(b) alkoxycarbonylalkylamino, cyano, and hydroxy.
[0016] In some embodiments of the invention, X; is O.
20 In some embodiments, X, is O. . In some embodiments, Xs
is N.
[0017] In some embodiments of the invention, each of R,
anq Ry is Cy-4.alkyl; Ry is hydrogen; Ry is a single bond;
each of X; and X, is 0; and X; is N. In other embodiments
25 of the invention, each of R; and R, is independently C,_,
alkyl; R3 is hydrogen; R; is a single bond; each of X; and
X, is 0; X3 is N; and Rg is phenyl substituted with R,.
[0018] In other embodiments of the invention, each of Rl
and R2 is Cz-4 alkyl; R; is hydrogen:; Ry is a single bond;
30 each of X; and X2 is 0; X3 is N; and Rs; is phenyl

substituted with Ry; and R, is selected from the group

consisting of:



- 13 (a) C1_6 alkyl or C2_5 al kenyl, each of which is wunsubstituted or.
substituted with one or .nore substituents selected fromthe group

consi sting of am no, nonoal kyl am no, dial-kyl am no, substituted or
unsubstituted 5 heterocyclyl am nocarbonyl, substituted or unsubstituted
heterocyclyl, Rb-, and Rb-al koxy and (b) aI koxycar bonyl al kyl am no, :

Rb- al koxy-, cyano, substituted or tnsubstitut ed het erocycl yl, and hydr oxy.
[0019] In yet other enbodinents of the invention, each 10 of R L and R2 is
C2_4 al kyl; R3 i&lhy@regelkylReri 6:-a aikeghk, etammdpfea‘@ibroflsXI and X2 is 0;

X37i's N, andnBands -abeayl, SUELLIUP WL, R: g0d Tl s cxane. [ 00201 I

sone enbodi nents of the invention, each of ently C2_ 4
al kyl ; R3 i §eh§efrsgénom Rg $raup 16onsiimgling bondmiseach of X1, and X2 is O;

and X3 is Nmoaaﬂl@&am§na\h%%1&§a§1h£’nﬁ5 SILIES'@J.'I'LH‘,% Psﬁjrp%stcy Led or

substitqjted wth one_or nore groups sel ecte rom group consi sting
of : 20 (A) &g° %r%ﬂyﬁ;}wlamﬂé?%rapkéhwSubértl*ezze@l arkynytbshittered n  sai d al kyl ,

al kenyl , or hat&yswlc1gr puR -, Sag@CH)-gikhgs-; HAGUbstituted or substituted wit h
one or nore subs |tue ect ed. from,t he group consi sting of am no,
nonoal kyl ani no, aI Egﬁ‘%% OBY b3t it GRaC o RonALkRSt i/t GYere . 25

het er ocycl ylsamtmaeboaswluns(uaﬁtmﬂ)t(eRb}laeyMwl@y nyhg&afeeBy) -, (am no)
(Rb.) acylo boxy ydr.o: ) cay boa )..al kyl carbanoyl, acyl oxy,
al dehydo, W?ﬁéenyl sﬁ?f%%yl%am |(?1r(g5ka allml?Bxi/ X%I I?Sxﬂ% p »&ach
al kyl anithoaPkyRaghAdR: idi &d-kydldyilnosd Kyl aydm@en,akkstphospm@o

al kyl sul f onybad iencas Hamenk s o, 8L keXiny RP-3l kylam no-. cyano,
cyanoal kyl car banoy!| y-
“substituted with Ra; and R, is cyano.

[0020] - Ir some embodiments of the invention, each of"R;
and R; is independently C,-; alkyl; Ry is hydrogen; R; is a
15 single bond; each of X; and X; is 0; and X; is N; and Rs 1is

P

wherein said Rs is either unsubétituted or substituted with
one or more R, groups selected from the group consisting
of: .

20 : (a) Ci-6 alkyl,.czﬁ alkenyl, or Ci alkynyl; wherein
said alkyl, alkenyl, or alkynyl group is each either
unsubstituted or substituted with one or moré substituents
selected from the group consisting of amino,

_monoa;kylamino, dialkylamino, substituted or unsubstituted
'251 heterocyclylaminocarbonyl,
(amino)(Rb)acylhydrazinylcarbonyl—,
(amino)(Rb)acyloxycarbéxy—,
(hydroxY)(carboalkoxy)alkylcarbamoyl, acyloxy, aldehydo,

.alkenylsulfonylamino” alkoxy, alkoxycarbonyl,



cycl oal kyl am no; di al kyl am noal kyl am no, di al kyI phosphonc

Shal oal kyl sul fonyl am no, heterocyclylal kyl am no, heterocyclylcar bam)yl ,
hydroxy, hydroxyal kyl sul fonyl am no, oxi m no, phosphono, substituted or
unsubstituted aral kylam no, substituted or unsubstituted

‘aryl car boxyal koxycar bonyl, substituted or unsubstituted 10

‘het er oar yl sul f onyl am no, substl tut ed ¥ “unsubstituted heterocyclyl,

t hi ocarbanoyl, and trifluoronethyl; and (b) (al koxycarbonyl)

ar al kyl car basbylaniabdehytoninal, kéww;aahkﬁwkmh{laeyl am no, al koxy,

al koxycar bo | rb | koxycar bonyl am n

al koxycar bo%;%lkg %h% E)ré‘l!)ﬁg aajp%% ?ngny?{'”ﬁ? no. ca bzi‘f“@fsﬁ*’f" orf‘Fyl oxy, am no,
am noal kyl a@ékk%‘caﬁb@ﬂuwlamlamrn@abkql Carpaad ¥l lcarbamoyl,

am noal kyl hei (943){(9 F oa AmAino
ani nocyc?/oal zgﬁd(ﬁ%%h%%l%é:{léllgg alrrrlnyllel am ndc cFo‘éY]tPﬁoc‘f‘B?%’é%yl

ar al koxytar b8 &9 f?’@l\/laﬁrfypﬁet@Wéyevaylyl@lrml@mynoaryI sul f onyl am no,

—aryl sul f onyhexyx £ bagn rb I al kyl t hi o-
Ro-al kyl (al ky H%aomcc"ﬁo? ﬁ/Emmg/@y %%’XV (nyasd it l@wﬁbfo'ﬁy%a Sino.

Rb- al kyl car o, PhepRipng)| §HP%WFed - ‘HH@}DIS%WWI am no,

Ro- al kyl t hi GraR@l&ﬁlhet %ﬂfsmwt@@robowgmbmm&@hkyl am no carbonyl, dial

kyl am noal k¥il agl no, .a | am ng Bg]él a cyano, cycl oal kyl am no,

di al kyl am noal'kyl caﬁ?ﬁ% VY eamapP ﬁb{%%tr?rﬂ/el-y}l&?‘kkgﬂ%ﬁdlh?ﬁ hydr oxy,

oxi m noto ph@sph:aiag,ylssufmtyliamted OfubeRStbsdd tdft adsamadlkmkam no, substituted
ubstl tute unsubsti t uted

~or 30 unsub eter,o
het er ocycl y Hjot S’gﬁgrﬁ no.- yy ¢y Pa#i vo, é]ﬁaom?m%aﬁﬂﬁmyl 15 [0021]
| n anot her errbodﬁhﬁremilbcbxstdﬁeropnyie)rﬁtnadxhylmn@fyl Rlia@shdg? is C2_4 al kyl ;

R3 is hydrog@ﬁéné%%,i§lﬁeﬁ§f§yl%og§ﬁg¥ino, alkoxy, alkoxycarbonyl,
+ alkylcarbamoyl, alkoxycarbonylamino,

15 alkoxycarbonylalkylamino, alkylisulfonylamino,
alkylsulfonyloxy, amino, amincalkylaral kylcarbamoyl,
aminoalkylcarbamoyl, aminoalkylheterocyclylalkylcarbamoyl,
aminocycloalkylalkylcycloalkylcarbamoyl,
aminocycloalkylcarbamoyl,'aralkoxycarbonylamino,

20 arylheterocyclyl, aryloxy, arylsulfonylaminc,
arylsulfonyloxy, carbamoyl, carbonyl, Rp-, Rp-alkoxy-, Rp-
alkylthio=, Rp-alkyl(alkyl)amino-, Ry~

' alkyl(alkyl)carbamoyl—, Rp~alkylamino-, Ry- alkylcarbamoyl—
Rp- alkylsulronyl—, Rp— a1kylsulfonylamlno, Rp~ alkvl“hlo, Rp-

25 heterocyclylcarbony aminoalkylaminocarbonyl,
‘dialkylaminoalkylamino, alkylaminoalkylamino, cyano,
cycloalkylamino, dialkylaminoalkylcarbamoyl, halogen,
heterocyclylalkylamino, hydroky, oximino, phosphate, -

“substituted or unsubstituted éralkylamino, substituted or
30 unsubstituted heterocyclyl, substituted or unsubstituted

heterocyclylsulfonylamino, sulfoxyacylamino, and

thiocarbamoyl.



each of X1 and X2 is O0; and X3 is N, and R5 is 5 wherein said R5 is either
unsubstituted or substituted with one or nore Ra groups selected fromthe
‘group consisting of: (a) Cl_6 alkyl or C2_6 al kenyl, each of which is -
unsubstituted or substituted with one or nore substituents -10 selected -
fromthe group consisting of am no, nonoal kyl am no, - di al kyl am no,
substituted or unsubstituted heterodyckyl am nocarbonyl, substituted or
unsubstituted heterocyclyl, Rb-, and Rb-al koxy-; and (b) '

al koxycar boh§921l1ky| am I’BJ;otRbraérlﬂma)imenﬁy@.ﬂOEha 15venbsdn, t uhed oF

unsubsti t ut gd t yel yl ydr o 0022] In anot her enbodi ment each
of Rl and Rg lﬂ‘éé ?f% Ef Pyt ky?& R lﬁy§¥8§ en’RE“llss & SHhgl% X98Ad; each of

X1 and X2 F%CYO ofalid B Ks i OanaincRES!al $samd an2Orwherein said R5 is either
unsubstitutgﬁ or substituted with one or nore Ra groups selected fromthe
group consi stNng of C7_5 alkyl that is substituted with one or nore
substituents selected fromthe group consisting of am no, nonoal kyl am no,

and dial kyl am pq. 16 [0023] In sone enbodi nents of the invention, each of
RlL and R2 i£ al kyl; R3 is hydrogen; R4 is a single bond; each of Xl
and X2 is O; .N; and R5 is 5 wherein said R5 is either unsubstituted

or substituted with one or nore Ra groups selected fromthe group
consi stihg ¥¥¥reipapatd B af ksdthegoussukeryted orr GRDGtatkayey witwher ei n

sai d al kyl , o kgNybre OF, @EJSN:EH'se@!EQ&%'f‘S:o%aEH eliher 2;951 f}h%bst' tuted or
substituted with one or nore substituents ef etted fror the group

consi st ng 8? an no,
(a) Ci-¢ alkyl or C,.¢ alkenyl, each of which is

unsubstituted or substituted with one or more substituents
10 selected from the group consisting of amino,
monoalkylamino, dialkylamino, substituted or unsubstituted
heterocyclylaminocarbonyl, substituted or unsubstituted
heterocye¢lyl, Rp-, and Rp-alkoxy-; and
(b) alkoxycarbonylalkylémino, Ry—alkoxy-, cyano,

,_I
w

substituted or unsubstituted heterocyclyl, and hydroxy.
[0022] In another embodiment each of R; and Ry is Cy-y
alkyl; R3 is hydrogen; R; is a single bond; each of X; and

X, is O; and X3 is N; and Rs is

P

; and
20 wherein said Ry is either uhsubstituted or substituted with
one or more R, groups selected from the group consisting of
Cz-s alkyl that is substituted with one or more
substituents selected from the group consisting of amino,

monoalkylamino, and dialkylamino.



nmonoal kyl am no., dial kyl am no, substituted or unsubstituted

het erocycl yl am nocar bonyl, (am no) (Rb) acyl hydrazi nyl carbonyl -, 15
(am no) (Rb) acyl oxycar boxy-, . (hydroxy) (carboal koxy) al kyl car banoyl ,
acyl oxy, al dehydo, al kenyl sul fonyl am no, al koxy, al koxycarbonyl,

al kyl am noal kyl.-am no, di al kyl am noal kyl am no, al kyl phosphono,

al kyl sul fonyl am no, carbanoyl, Rb-.-, 1Bb-20 al koxy-, Rb-al kyl am no
cvano, . ' cyanoal kyl car banoyl , cycloalkylanino di al kyl phosphono,

hal oal kyl sul | am no, het I ac | al am no, _heterocycl ar banoyl ,
hydr oxy, ﬁ?@? iyalk%ﬁsop? C%n%ﬁ% sd%##ino DYHES SR 0n8a%§6§1 ttuted or
unsubst i t uteedaRal dey [Caumi ﬂ&ylsubstiiSt bivedogen 2R, uirs Wb stinty ¢ esbnd;
aryl car boxyal ko r Y- Stg t nsybst it ut ed
heteroarylé%f?oé%fghgﬂg *%ﬁ%g§lfttg%qgrQQﬁngﬁé%tltuted het er ocycl yl ,

t hi ocar banoyi /{and trifluoronethyl; and (b) (al koxycarbonyl)

ar al kyl car ba , al dehydo, 3'0 al kenoxy, al kenyl sul fonyl am no, al koxy,
al koxycar bo 7 - al kyl carbanoyl, al koxycar bonyl am no,

al koxycar bonyl alkyl am no, al kyl sul fonyl am no, al kyl sul fonyl oxy, am no,
am noal kyl ar al kyl car banoyl, am noal kyl car banoyl ,

ani noal Ryl héregragyed i abkaﬁ(%&ﬁb@hmgﬂsuHStltuteo or substituted with
am nocycl oajdey bal Kyt L gl Qp&d@él gaip&rgaylfmm e{‘%%)é%oﬁé Slcl:_?;:lﬁanoy! ,
ary u

ar al koxycar bonyl am no, aryl heterocyclyl, oxy, aryls yl amno,
aryl sul f onyAfoxy, carbanoyl, carbonyl, Rb Rb- alkoxy- Rb- al kyl thio-,

Ro-al kyl (al kyl xaang np—aakﬁb 16)_akkyb{a ko) @? L s .al gyl am no-,

Rb- alkylcanp%dR%Hk gﬁ Iﬁg]fonvl 1 IsuI élanlno
Rb- al kyl t hi%; Bt 6‘89& yICafhErRy L gdﬁ‘?iuﬁoé$ k%ﬂ%}rr?h eeF bonyl ,

10 unsubstituted or substituted with one or more substituents
selected from the group consisting of amino,
monoalkylamino, dialkylamino, substituted or unsubstituted
heterocyclylaminocarbonyl,

(amino) (Rp)acylhydrazinylcarbonyl-,

15 (amino) (Rp) acyloxycarboxy-,

(hydroxy) (carboalkoxy)alkylcarbamoyl, acyloxy, aldehydo,
alkenylsulfonylamino, alkoxy, alkoxycarbonyl,
.alkylaminoalkylamino, dialkylaminocalkylamino,

_ alkyiphoSphonq, alkylsulfonylamino, carbamoyl,'RgQ, Rp-

‘20 alkoxy-, Ry-alkylamino-, cyano, 'cyanoalkylcarbamoyl,
cycloalkylamino, dialkylphosphono,'haldalkylsulfonylamino,
hetero;yclylalkylamino/ hetefocyclylcarbamoyl, hydroxy,
‘hydroxyalkylsulfonylamino, oximino, phosphono, substituted
or unsubstituted aralkylamino, substituted or .

25 unsubstituted arylcarboxyalkoxycarbonyl, subsfituted or
unsubstituted heteroarylsulfonylamino, substituted or
unsubstituted heterocyclyl, thiocarbamoyl, and
trifluoromethyl; and

(b) (alkoxycarbonyl)aralkylcarbamoyl, aldehydo,

30 alkenoxy, alkenylsulfonylamino, alkoxy, alkoxycarbonyl,



di al kyl am noalkyl am no, al kyl am noal kyl am no, "cyano, cycl oal kyl am no,

di al kyl am noal kyl car banoyl, hal ogen, 15 heterocyclyl al kyl am no, hydroxy,
oxi m no, phosphate, substituted or unsubstituted aral kyl am no, substituted
or unsubstituted heterocyclyl, substituted or unsubstituted

het er ocycl yl sul f onyl am no, sul foxyacyl am no, and - thi ocarbanoyl. 20 [0024]

I n other enbodi nents of the inventiem7each of RL and R2 is C2_4 alkyl; R3
is hydrogen; R4 is a single bond; each of X1 and X2 is 0; X3 is N R5is

and wherei n 3@, 8- 39 ahsy €l tﬂq{roxgggi%_ jjtyted or substituted with one or
e

more Ra groups selected fromtfl group consisting of: (a) C1_6 al kyl or
C2_6 al kenyRlkexdrrgpnih By iagingn stldstlistuf enl amiswbst i t ut ed with one or

mor e substi baedt sulisalest gd anins) e iY=0up1 LRSI S.Rg. of am no,
monoal kyl ami ng, dj al kyl am ng, substituted or unsubstituted - 18 -

het er ocycl yPEAM oAt 6BRAAMOE bR R 1dd 15pt erreissinledketcathemeybeycl yl , Rb-,
and Rb- al koxyinoand okbky Bdkgxyoarfonyliakkybaegno, Rb-al koxy-, cyano,
substituted_or unSLibsi_:L'ktute het erocycl yl, and hydroxy. 5 [0025] In yet
anot her enb8OI ARRIC SR tHESTRPRAY T orf L ed&CRY CRIPRY IaREN®R2 is C2_4 alkyl: R3

i s hydrogenarRahéteracgehyl e arboogy, eachsafrodyandnX2 is 0; X3 is N, RS is
and- wher ei na§gigu n%&Oeithct;irr uns bstitgt ed or. substituted with one or

- nore Ra group TeRY 8T ¥ 1 SRTPREY 1o GFEERY torfer st fmglPxyafeTl 4 al kyl or
C2_4 al kenyklkebidticof Mriadhyl éalkymisabshotutrgd or substituted with one or

Tonoal Ky amt e TRy e s SUBSY o S dP OnEuBUO e GOV e
Rp—alkylsulionyl-, Rp-alkylsulfonylamino, Rp—alkylthio, Rp-
heterocyclylcarbonyl, aminoalkylaminocarbonyl,
dialkylaminoalkylamino, alkylaminoalkylamino, cyano,
cycloalkylamino, dialkylaminoalkylcarbamoyl, halogen,

15 heterocyclylalkyiamino, hydroxy, oximino, phosphate,
substituted or unsubstituted aralkylamino, substituted or
unsubstituted heterocyclyl, substituted or unsubstituted’
heterocyclylsulfonylamino, sulfoxyacylamino, and |
thiocarbamoyl.' _

20 [0024] In other embodiments of the invention, each of R;
.and Ry is Cy.4 alkyl; Rs is hydrbgen{ R; is a single bond;’ -

each of X; and X, is 0; X is'N; Rs is

M,

i and wherein said Rs is either unsubstituted or
substituted with one or more R, groups selected from the
25 group consisting of: -
(@) Ci-¢ alkyl or Cyg alkenyl, each of which is
unsubstituted or substituted with one or more substituents
seleqted from the group consisting of amino,

monoalkylamino, dialkylamino, substituted or unsubstituted



15 heterocycl yl am nocar bonyl, substituted or unsubstituted  heterocyclyl,
and Rb-; and (b) Rb-al koxy- and substituted heterocyclyl. .[0026] In sone
enbodi ments of the invention,'each of RL and R2 is pronyl; R3 is hydrogen;
R4 is a single bond; R5 is 20 phenyl substituted with one or nore Ra
groups, or wherein said bicyclic or tricyclic group is either
unsubstituted or substituted with one;gr_nore Ra groups; and 25 Ra IS

sel ected fromthe group conS|st|ng of: (a) G _5 .alkyl or C2-6 al kenyl,

each of whigh, E% C:Slibstlgut % sy stltuted mnth one or nore
substltuents -1 se &d ??rl%PF e YYOUp CEbRYI O iURgUBS tigNERS,
nnnoalky_anﬁﬁ@?rwnyﬂﬂy¢Laﬁvnopnswhshﬂk@&ﬁd,Qﬁmunsubstltuted

het er ocycl yl am n Ikox substituted or
unsubstituted he rocyc%&?aﬁgﬁadg@fig nkéx§% SAVT al W§Fani no, cyano, and
hydroxy; e&tRsbitutedand X2sibstotubem D3 eirsciXc1 10027} Ayuraxpref erred

enbOd![ nment , [Tog.@?ﬁoﬁp%ngleef andteMULA ddhet§eds i {1 d qgvgr?glré%q A gthis
invention is _3-[4-
(2, 6- di oxo- PF3RdidproPy|s2 C3.1 62 ket Rakydhedkpbpur Ra-8 yl pingle

bi cycl of 2. 2b3hegeteaktylol- R ARLOR] G sag} dk, [Q0R8]R | B some embodi ments, the A2b
adenosi ne receptor antagonist iIs adni ni stered to a human. [0029] In sone

enbodi nents, t Al b adenosi ne receptor 15 antagonist used in the nethod
of this inve is fornulated together with a pharmaceutically suitable
carrier int armaceutically acceptable conposition. [0030] The

i nvention is™useful ahg Wﬂ@rélrnegﬁf@rﬂs of cither unsubstituted or
substituted with one or more R, groups selectea from the
10 group cdnsisting of:

(a) Ci-q 2alkyl or C;.4 alkenyl, each of which is
‘unsubstituted or substituted with one or more substituents
selected from the group consisting of amino,
monoalkylamino, dialkylamino, substituted or unsub'stituted

15 . heLerocyclylamlnocarbonyi, substituted or unsubstltuted
heterocch vyl, and Rp~; and

(b) Rp-alkoxy- and substituted heterocyclyl.

. [0026] - In some er:_1bodiments of the invention, '_éa'ch of Ry
and Ry is propyl; Rs; is hydrogeh; Ry is a single bond; Rs is

20 phenyl substituted with one or more R. groups,

S

2

Mn, .
) I4
wherein said bicyclic or tricyclic group is either
unsubstituted or substituted with one or more R, groups;
and
25 R, is selected from the group consisting of:
{a} Ci-g alkyl or Cp-¢ alkenyl, each of which is

unsubstituted or substituted with one or more substituents



pati ents havi ng undergone an ischem c event or in which an 20 ischemc
~event is immnent. Exanples of ischem c events include acute coronary
.syndrone (including nyocardial infarction), stroke, organ transplantation,
~kidney ischem a, shock, and organ transplantation surgery. [0031] In sone
enbodi nents, the nmethod of this 25 invention includes adm nistering the A2b
adenosi ne receptor antagonist wthingwo days before or after the ischemc
event. In another enbodi nent, the nethod includes admnistering the A2b

adenosi ne rgcepliQyy 2RLAGQN EEOQ{}S tgypglstcgg%doafysam%g er the ischemc event. 30

[ 0032] In sone enbodi nents, "tthe conpoun sed in the nethods of the
i nventi on eRPRPAYYIARIBGF |dﬁﬁﬂ-§'§/3f3@rln9n ARbstigdémesppansebeptovtechat is at

| east 10- fohgtgf@@xcqmm@caw@nﬁfmum Lol -A an@dging; @%tégceptor or
an A3 20 adenosine receptor, In other embodi ment's, the conmpoun used in

t he net hods® furtwsltﬁ*v'%‘iﬁq SRTEIRIMFEY LéxAMBits an affinity for an Al

adenosi rie recept @) tamabxyc&vabn{/m&tyllﬁméméiza%%ea&@ci Haexthe affinity for
an Al a aden05| ne ce é(or A3 adenosi ne receptor. [ 033] In some
embodi ment s S3the caérp?ﬂfﬁ e8 |?\CE net hods of the invention exhibits a
K_ val ue fOKaanS A2b adenosi ne recept or which is below 500 nM |n other

embodi ment s, co und. used. ] e 4Bl hod .of the 10 jinyention exhibits a
Ki val ue fo#og%ﬁwbngge%g:s:éﬁg réecge dlmV\f}lT’ch?‘p “BHOWLE6 nM [0034] In

sone enbodi frermigla (Theuser/ent tion nreehatiesftm:es ime¢daicbrofist Bead4+ ng a di sease
or di sofer (ireell aled bys-Ackbyaion ef ;ap. b, adenosine,Legeptor comprising

15 adm ni sterl ng to a mammal néed there dtive unt of a
conpound of PLEYPrR & -Gt ?h%«tdésk%]mpal@me.amd

[0028] In some embodiments, the Az, adenosine receptor
antagonist is administered to a human.
[0029] In some embodiments, the A, adenosine receptor

15 antagonist used in the method of this invention is
formulated together with a pharmaceutically suitable
carrier into a pharmaceutically acceptable composition.
[o030] . ' The invention is useful in the treatment of
patients having undergone an ischemic event or in which an

20  ischemic event is imminent. Examples of ischemic events
include acute coronary syndrome'(including myocardial
infarctiony,.stroke, organ transpilantation, kidney
ischemia, shock, and organ transplantation surgery.

[0031] In some embodiments, the method of this:

25 invention includes administering the A,, adenosine receptor
antagonist within two days before or after the ischemic.
event. In another embodiment, the method includes
administering the Az, adenosine receptor antagonist within
two days after the ischemic event.

30 [0032] in some embodiments, the compound used in the
methods of the invention exhibits an affinity for an Ay
adenosine receptor that is at least 10-fold greater than

the affinity for an A,, adenosine receptor or an As



[0035] In sone enbodinents, the invention relates to a nethod of limting
ti ssue necrosis resulting froman ischem- event, in a mammal that has
undergone an ischenmic 20 event, or in which. an ischem c event is immnent
using an A2b adenosi ne receptor antagonist. [0036] In some enbodi nents,
the invention relates to a nethod of limting infarction size follow ng
myocardial infarction, in a mammal _t hgt_has undergone nyocardi al 25
infarction, or in vvhi ch nyocardi al infarction is inmm nent using an A2b
adenosi ne recdee%t or..B ef _Description of the Draw ngs [0037] Figure 1

depi cts myocardral§ 5?’%?0% z&Rd8E B BRI HHG 0&8R FoMRRBEIEXaNpl e 2)
Panel A depiuwses t'Lhethra skthodgiodnthe zinvdhtlibe fitbheeXpeniwdt @b groups

expressed a t o] he left ventricle Panel B depicts the
infarct si zza%éngg%g]%cae%xfg? egg%mﬁ%e & FSREPeYi GR2tPARett @28t H¥picts the

infarct sizé@fpeessed bkam Yper eéitmyey dfort e 2.l eddergnhei cl e. Panel D
refl ectssa pJthepggrlc;}f ggc& ghggofqﬁo e%g?d as a percentage of the risk
00

region and transnural | at er [ow measured 30 minutes after 5
coronary occi%¥$fén. [@‘03‘8‘]‘e EMpeEémonopitdes coprreaddizakdi nf amet si ze data

from protocalethbdé See tEXaimledt3bn g@ﬁﬁhﬁé depi GL,Lhe, risk region size in

the four exper| mental groups expressed as a percentage “of “tthe | eft
ventricle. PSEPPREDEF 8%1&“ I’@lﬁ%" toRfEWs8P0 nthe Gonotidr group from

protocol | wamoadlsents, nehsldethpoRaneksdB: depted sudch8ql BEangt size as a

per cent age of tegg él skhr |on Panel C _depicts the i1nfarct size expressed
as a pefcentage otot FEMHRTTES A EntFaltee IoPatePaDarEnPaEns teogbber of i nf ar ct
size 15 expmigsediasedopertemiage of the risk region and

[0034] In some embodiments,. the invention relates to a
method of treating a2 disease or diéorder mediated by
activation of an Ay, adenosine receptor comprising

15 administering to a mammal in need thereof an effective
amount of a compound of formula (I)as described above.
[0035] In some embodiments, the invention relates to a
method of limiting tissue necrosis resulting from an
ischemic event, in a mammal that has undergone an ischemic

2Q event, or in which an ischemic event is imminent using an
Aj, adenosine reéeptor antagonist.
.[0036] In some embodiments, the invention relates to a
method ofllimiting infarction size following myocardial
infarction, in a mammal that has undergone myocérdial

25 infarction, or in which myocardial 1nfarctlon is imminent

using an Az adenosine receptor.

Brief Description of the Drawings

[0037] Figure 1 depicts myocardial infarct size data

30 from protocol I (see Example 2). Panel A depicts the risk
region size in the four experimental groups expressed as &
percentage of the left wentricle. Panel B depicts the

I e s , , .
ihrarct size as a percentage of the risk region. Panel C



transnural collateral blood flow neasured 30 minutes after .coronary
occlusion. [0039] Figure 3 depicts nyocardial infarct size data from
protocol Il (see Exanple 4). Panel A depicts the .20 risk region size in
t he four experl mental groups expressed as a percentage of the left
ventricle. Panel B depicts the infarct size as a percentage of the risk
regi on. Panel C depicts the infarct-s?%e expressed as a percentage of the
“left ventricle. Panel'D reflects a plot of infarct 25 size expressed as a
percent age @fpttis thekindgicn sand éx@rseuaals eoldatenal bleod,d | ow neasured

30 m nutes ry occlu |o QO40 Figure 4 depicts conpetitive
bi ndi ng of %téggz%en%%(??%con%l fan ‘Al 2 RfHoSiEnénFadpsaEs. Menbr anes

(50 30 g nenbreseedpest @ipgramdegé rcnfmﬂHEKrQQB ©Ribs ska@bly expressing human

Al adenosi ng gggfgﬂtaq)rg R | i gand {3H - DPCPX, and_varyi ng
concentrations of g gt\%k%raewlkn{;:gcggfiea T3 ’ieﬁi 38a¥‘3e“qtﬁsoa§terﬁ buf fer HE

22 plus® 2 GﬁF?@”moaﬁblﬁmlsqrne deam nase for .5 hours at 21C. Nonspecific

Cerm nated by ftrarl o ® REGFEng ‘*[Y%&ﬁ%? %Ml&r@e "Bt G onpet 11 ve.
bi ndi ng of BEEBIFOLHROT e%bnﬁﬁﬁaﬁi‘amﬁ}r?aﬁ AZZPEHdBé-I’IGSdﬁBld‘tSCEpéOI‘S Menbr anes

(50 gg nmenbrase RQLbRI @ﬂzm@ebﬁsmﬁgxgggﬁtaﬁﬂ a%ﬁ%%:%gr eSSI ng human

A2z adenosi ne recegt ors, 1.16 nMradioligan aryl ng
concentrati 8Rs” dF oD - BEDFIB ther £ it vgBaEERL Y n tFpl’fpthleca:tuers\eso 1 m buffer

HE pl U 2 wohitsiakiscenasieneodeas @&%prﬂrfonz o2 oRQUES @Al ¢1G , Nonspecific
bi ndi ng. was ?usc{ﬂed bn tlh resence of 10 gM XAC. Bi nding assays were
t erm nat ed tratlon ?h@.ylc the infarct size as &

percenuage of the risk region. Panel C depicts the
infarct size expréssed as a pe&centage of the left
ventricle. Panel D reflects a plot of infarct size
15 expressed as a percentage of the risk region and
transmurgl collateral blood flow measured 30 minutes after
.coronary occlusion.-
[0039] Figure 3 depicts myocardial infarct size data
from protocol III (see Example 4). Panel A depicts the
20 risk region size in the four experimental groups expressed
‘as a percentage of the left ventricle Panel B deoicts
the infarct size as a ‘percentage of the risk reglon
Panel C deDlCLS the infarct size expressed as a percentage
of the left ventricle. Panel D reflects a plot of infarct
25 size expressed as a percentage of the risk region and
transmural collateral blood fiow measured 30 minutes after
coronary occlusion.
[0040] Figure 4 depicts competitive binding of BG9928
on recombinant human A; adenosine receptors. Membranes (50
30 pg membrane protein) made from HEK 293 cells stably
expressing human A; adenosine receptors, 0.92 nM
radiol%gand [3HJ—DPCPX, and varying concentrations of

BG9928 were incubated in triplicate in 0.1 ml buffer HE



[0042] Figure 6 depicts conpetitive binding of B&928 15 on. reconbi nant
human A2b adenosi ne receptors. Menbranes (40-70 g nenbrane protein) nade
from HEK 293 cells stably expressing reconbi nant human Al b adenosi ne
receptors, 30- 40nMradioligand [3H -ZM241385, and varying concentrations
of B@E928 were incubated in triplicate in 0.1 m buffer HE 20 plus 2
uni ts/ nL adenosi ne deami nase for 2.53%urs at 21C. Nonspecific bindi ng was
nmeasured in the presence of 10 M NECA. Binding assays were term nated by
filtration. p1N=8Lnil 00dBladkhoslfe GedRRLELS AN1E 2R8I fiL, K ndi pgof BE928 on
25 reconbi nant -hunman A3 adenosi ne receptors. Menbranes made from HEK 293
cel | s st abl YorsgnRcas§dFngl rdaonbe hareashuranin heagenssiare ofetepitors (50 gg
menbr ane pr i N) @i Qg12s u M i.Ql.i , .~ AB- MECA .ei t her al one,
with 10 UNIgg%kECK§Hg$93A%% 10 n%%%ﬁg%ggaggggﬁﬁgé%éféagﬁ%Ltriplicate in 0.1
30 m buffer™HE plus 2 units/nL adenosine deaninase for 2.5 - 23 hours at
21C. Bi i ngoassjays vegerd er abpadied B¥pef it {4808, . 44] Figure 8
depi cts FLI PR assa _of(§.869928 L\I?vl th rego%%)tilln‘évnim g#ﬁ h%lz%g%%%gsi ne
receptors sPRLISFOBRPPERsdNTaE P TIRDABLNEFESEPINSPR ¥emupserrasuri ng t he
response of kel i .Le i u Al_._adenosi ne
receptors té%glr(eagign%&c?ﬁg{é%@agggﬁsfg a%%ﬂ:zg? Ig%f) St%}fo’b graph), and
to det er mi nE*RIFSSLEY [EBHC &t RAENOT SR TeglbPEdre 30%F0fMr esponse was
obt ai ned) apgdtdiaraka W@hueﬁzdﬂbs%oén&f%afyﬂﬂagegﬁéénéﬂg%%&ﬁ %%-a fixed
agoni st con&g& Q@tlon . (200 nM CPA) using the null met od ottom graph).
[0045] F gu dUEEEt L PehRC aks 47 1B I B0 G Wi Ehnl reddabi Bant human A2b
adenosi ne recePLOLS i 8L AR YadeXBE SRS @damk R dEK 293 sl &s ELI PR.AsSAYS
measuring the response of : :

Nonspecific binding was measured in the presence of 10 uM

XAC, Binding assays were terminated by filtration. (N=1).
~[0042] Figure 6 depicts .competitive binding of B&9928
15 on. recombinant human A;, adenosine receptors. Membranes
(40-70 pg membrane protein) made from HEK 293 cells stably
expressing recombinant human A,, adenosine receptors, 30-
40nM radioligand [3H}—ZM241385, and varying concentrations
of BG9928 were incubated in triplicate in 0.1 ml buffer HE
20 plﬁs 2 units/mlL adenosine deaminase for 2.5 hours'at:21°C.

Nonspecific binding was measured in the presence of 10 uM '

NECA. Binding assays were terminated by filtration.
(N=3) .
[0043] Figure 7 depicts one point binding of BG9928 on

.25 recombinant human A3 adenosine receptors. Membranes made
from HEK 293 cells stably expressing recombinant human As
adenosine receptors (50 pg membrane protein) and 0.12 nM
radioligand [!2°I}-AB-MECA eithervalone, with 10 uM IB-MECA

.or with 10 puM BG9928 were incubated in triplicate in 0.1

30 ml buffer HE plus 2 units/mlL adenosine deaminase for 2.5



15 HEK-293 cells stably expressing reconbi nant human A2b adenosi ne
receptors to increasing concentrations of the agonist (NECA) (top graph),
and to determne IC50 (the concentration at which a 50%  response was _
obtai ned) and then KS val ues for the antagonist BG928 at a fixed agoni st
20 concentration (5 gM NECA) using null nethod (bottom graph). [0046]
‘Figure 10 depicts FLIPR assay of BC3928 with reconbi nant human Al b

adenosi ne receptors stably expressed in HEK-293 cells. FLIPR assays

measuring theudsagtioncof 2% goptrol, response ohserved with 10, 100, and
.300 nM B&928 _ i n HEK-293 cell sgexpra ssi%’%gr“r a?rm,&fﬁ'tﬁge sine receptors in

t he presencefl&ftrﬁﬁé?lé-as(il\‘r‘r@eoncentrati ons of the agonist (NECA) (top

graph). The fpoisaom gr|RfurkSs aqe3chikdrapsd Vs ata.presented in the
top graph. 30 24 - Detai ed Dees%gri ption ofa%ltsag ?%végr%?izgnwf 047] Unl ess
ot her wi se -defiWBRINEY MEeANtc dhereriines gieeapidis stebip aigedshed ei n have the

sane neahi NGgirASHOERNTENL1Y . Under 8t @ada by - ordj_n illinthe art to
5 which thi scdorl\égnt ion belongs. At ho%g_h%tuﬁgréés) tgfr?d%%%%gsﬁ al's sinilar or
equi val ent t0 t hos & tes EFPHET Hisk SPFCTMieHR e hidad A naddmspract i ce or
testing of tieeeptesento innvesimncoftkdhahtaABIE Idbsiapd dm@thods are
descri bed bptlo WgréL I) p%pll i catci Qns ”gatﬁ{];) appl i cations, patents, 10 and

ot her references henti'ondd Rerd Toares | Mforbtr AERRFBYratépRrance in their
entirety. | whigHi @i ¥ ofheesmirers ahs,obtElkadSan@RUEXRREESAS €

illustrapi ve@nkyand Doty ~dakended t.o he limiting. [0048] Throughout
the. specificati on?&?ﬁgro\%gd BGIdg%c%gm‘? ISP IS af PRV IEhE A" as

"conpri ses" @P0 nM CPA) using the null method (bottom graph).

[0045] Figure 9 depicts FLTIPR assay of BG9928 with
recombinant human Bz, adenosine receptors stably expressed
in HEK-293 cells. FLIPR assays measuring the response of

15 HEK-283 cells stably expressing recombinant human Agy,
adenocsine receptors to increasing concentrations of the
agonist (NECA) (top graph), and to determine ICsy (the
concentration at which a 50% response was obtained) and
then Ky values for the antagonist BG9928 at a fixed agonist

20 concentration (5 pM NECA) usin§ null method (bottom
graph) .

- [0046] - Figure 10 depicts FLIPR assay of BG9928 with
recombinant human Ay, adenosine receptors stably expressed
in HEK-293 cells. FLIPR assays measuring the fraction of

25 control response observed with 10, 100, and 300 nM BG9928
in HEK-293 cells expressing rat Az, adenosine receptors in
the presence of increasing concentrations of the agonist
(NECA) (top graph). The bottom graph is a Schiid.analysis

of the data presented in the top graph.
30



"conprising"” wll

or groups of integer but not the exclusion of any other integers or grou
of integers. [0049] As used herein, an "alkyl" group is a saturated 20
al i phatic hydrocarbon group. An alkyl group can be straight or
and can have, for exanple, froml to 6 carbon atons in a chain.
of straight chain alkyl groups incltutle,- but are not limted to,
Exanpl es of branched al kyl groups include, but are 25 not
to, isopropypkcanthd tRYEY ot A} BEKYle GLQUR: (Y be optionally substituted
wi th one or nore Substituents such as at koxy, amno, nitro, carboxy,

carboalkoxy[OOyaho Uhatos dﬁhdﬁoxye<ﬂ£ﬁﬁ§@t%hﬂ_&@bﬁgkggpggﬁl sul foxy, or
car banoyl .

butyl .

carbon group %%é?hﬁ§£ 3T 6E BRESoibre B Fameancamineenyl group can be

As used herein, an "alkenyl" group I's an

br anched,
Exanpl es

be undefstood to inmply the inclusion of a st at ed i nt eger

ps

et hyl and

limted

al i phatic

stralgbt orCDmaw@hedpdanQUnahbyhameoff@&dﬁ&ﬂﬁp@&ilﬁrpgn§ltgrﬁ.Qgrbon at ons

In a Chag n @chn 1‘_2!...5

i ncl ude,
may be opti Gﬁbﬂﬁﬁ@ul@smlm ed witivairetoto micse gubstiddientsesuch as
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ELOQﬂﬁ yl

but are not

tri hal omet hyl Xy car

bl e bond Ex I of al kenyl groups
6%n g # Sag8y 25 ‘%§£6$2H9?5 34 al kenyl  group
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am Be, M t4Qq Eﬁr%}@(%F?ouf&r %%akaggydﬁoc%agfﬁc%ﬁseﬂg ﬁsed %er ein,

mer captyl,

an

"al kynyl " gFBE?PW%SnanSu%ﬂ%ﬁﬂ@aﬂ?bexkﬂﬁboﬁngrmnqmohhaarémﬁesﬂrlb@ﬁst one trlple
An abkyay) LoupusaRbeostf Al.glh: OLodinanched. and.gan 10

bond.
exanpl
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have, for
bonds.

Exanples of 2Bf KYHRAT 6??ﬁﬁﬁPQVﬁcmﬁEﬁronegube%ﬁ%? moe Lhpetredated propar gyl and

but ynyl .

15

20 .

25

30

methods, and examples are illustrative only and are not
intended to be limiting.

[0048] . Throughout the specification, the word
"comprise" or variations such as "comprises" or
"comprising"” will be understood to imply the inclusion of
a stated integer or groups of integer but not the
exclusion of any other integers or groupé of integers.
[0049] As used herein, an "alkyl" group is a saturated
aliphatic hydrocarbon group. A&an alkyl group can be
straight or branched, and can have, for éxample,'from i to
‘6 carbon atoms in a chain. Examples of straight.chain
alkyl groups include, but are not limited to, ethyl and
butyl. Examples of branched alkyl groups include, but are
not limited to, isopropyl and t-butyl. An alkyl group may
be optionally substituted with one or more substituents
such as alkoxy,_amino, nitro, carboxy, carboalkoxy, cyano,

halec, hydroxy, mercaptyl, trihalomethyl, sulfoxy, or

carbamoyl.

[0050] As used herein, an "alkenyl"® group.is an
aliphatic carbon group that has at least one double bond.
An alkenyl group can be straight or branched, and can

have, for example, from 3 to 6 carbon atoms in & chain and

Anraféyampde 1igrengy eyt besapt | oRaldas csuRStifated with one or nore



substituents such as al koxy, am no, nitro, carboxy, 15 carboal koxy, cyano,
hal o, hydroxy, nercaptyl, trihalonethyl, sulfoxy, .or carbanoyl. [0052] As
used herein, an "aryl" group is a phenyl or naphthyl group, or a
derivative thereof. A "substituted aryl"” group is an aryl group that is
substituted with one 20 or. nore substituents such as al kyl, al koxy, am no,
nitro, carboxy, carboal koxy, cyano, akkylam no, di-al kyl am no, hal o,

hydr oxy, hydroxyal kyl, nercaptyl, al kylnmercaptyl, trihal oal kyl, :

car boxyal kyl, sulLfox or carb I 0053] As used herein, an "aral kyl"
group is an 1aIOEryF gcé%lﬂlg}er %ﬁﬁg?hg{g%gl%‘{]&ftiatlﬂfﬁﬁﬁlvﬁftwpénlw%ﬂdegr oup. An

exanmpl e of &t araldstl lgmoupd it bebryl .and G854} ef\n UsRd hergim, an

"cycl oal kyl "5 @hQUR. L S8 i tic ring.of, for exanple, 3 fo 8 carbon
atoms. Exanpl élg ’g?}l’ éoyecl%ggﬁ{?jf/%qgr S TR a8 EY ApPrEpYteand 30

cycl ohexyl . J¥o5sTussusedhher @ilioxan dracyl, " ngt 8ap dagbax$t rai ght or

branchedsal kddrpGa {7y ,” GLALUP 1 2 |, group- anpl es of acyl groups
i ncl ude al kang Ia ] . P,%hgx’/i%%‘{%grg‘gm g“ﬁﬁgp?&?o 6 carbon atons in the

groups (e.g.
al kyl group)triRe&eRstid Sb&ﬁé‘lymypraqraefb@mwpl-es of acyl groups. Acyl groups
may be subspdosuted ofs uRsybsdeliyt egh -{aQQaﬁk&As Mgd;berein, a "carbamyl”
group is a gr.Qu b havi ng_the structure 2K Q02 '_'Afkyrf. car banmoyl " and
"di al kyl car béﬁﬁg?t“r SFPEPOF oI TP S HBY INagr Blipsefnt wimiechridle bohtir ogen has one

or two al kylargmokpsylatgtraabechrd BePbefd e obhe-fiydlQ0ens, J.gspectively. By
anal ogy; " arrylvcéarpgrme&l - and. "aryl al Kyl car banoyl ™ groups 1 nclude an aryl
group in 10 plate of GRECLE t*ﬁé?mhéd?cb FSTRAY, atanst he # atheén amde, an

al kyl group 1 fropPaceipdfe bbeds.ecGREmPDLG @g€Blkynyl groups include,

‘but are not limited to, propargyl and butynyl. Aan alkynyl
group may be optionally substituted with one or more
substituents such as alkoxy, amino, nitro, carboxy,

15 carboalkoxy, cyano, halo, hydroxy, mercaptyl,
trihalomethyl, sulfoxy, or carbamoyl.
[OOSZj As used he;ein, an "aryl" group is a phenyl or
naphthyl group, or a derivative thereof. . A "substituted
aryl" group is an aryl group that is substituted with one

20 Oor more substituents such aé alkyl, alkoxy, amino, nitro,
carboxy, carboaikqu, cyéno,'alkylamino, dialkyiamino,
halo, hydroxy, hydroxyalkyl, mercaptyl, élkylmercaptyl,
trihaloalkyl, carboxyalkyl, sulfoxy, or carbamoyl.
[0053] As used herein, an "aralkyl" group is an alkyi

25 group that is substituted with an aryl group. An example
of an aralkyl group is benzyl. _
[0054] As used herein, an "cycloalkyl"™ group is an
aliphatic ring of, for example, 3 to 8 carbon atoms.
Examples of cycloalkyl groups include cyclopropyl and

30 cyclohexyl.
[0055] As used herein, an "acyl" group is a straight or
branched alkyl-C(=0)- group or a Ifermyl group. Examples

of acyl groups include alkanoyl groups (e.g., having from



[ 0057] As used herein, a "carboxyl" group is a -000H group. [0058] As used
herein, an "al koxy" group is an al kyl-0- 15 group in which "alkyl" is as '
previ ously described. [0059] As used herein, an "al koxyal kyl" group is an
al’kyl group as previously described, with a hydrogen replaced by an al koxy
group, as previously described. [0060] As used herein, a "hal ogen" or
"hal 0" group is 20 fluorine, chlori-neg brom ne or iodine. [0061] As. used
herein, a "heterocyclyl"” group is a 5 to ‘about 10 nenbered ring structure,
in which ong Qf ¢ i he 1] I Sy d I nt other than
carbon, e.g., N?Q%?bég i&gﬁgfg%gg%c%§¥§bﬁgﬁﬁggénJE%QKEO%H ic or 25

non- ar onat iR VELOEL axarpdsarset Wlaken! oroumsn bacpardrioabs ymayomef ul |y

unsat ur at edsupAr 1aLe8atd.C Jhetissaeyekbyl group may also be referred to as a
“heteroaryl " agroup. 'Exanples of heterocyclyl groups include pyridyl,

i m dazol yl ,“’f‘%ﬁénw ,BS t4isEnPRIe it 82 0F LMt afiRIPO R Er argHoup

t et rahydr opaamyl the 38 rrpholHmyto,t hi onpnhekipova i agel yl, i ndolinyl,

i soi ndolinyl, piperidinyl, pyrimdinyl, piperazinyl, isoxazolyl,

i soxazol i di'ialkylearbamanly| refegnic pepdmnydazobyps i27whi{@062k As used
herein, a "rsimgehumg hat grogyelykyr GEOUR i:$:ghet %Oﬁi/a%e\/'ofgroup wher ei n
one or nore hydrogens are repl aced by substituents such as al koxy,

al kyl ani no, “ltfi QAYRYPERG o rTeERPHEIVIRONY, Bardmdogl; 'cawberyibandyldyano, hal o,
tri hal omet hatlg "Q&Ql@lk&ld&&bgﬁgmh,grbﬂbQngnQleanhﬁ@ﬁO?Mﬁhkﬁh or nitro.

-[ 0063], .As used herein, “hydr oxyal kyl " neans. an_al ky group substituted
by a hydr o8 3FFodp. PO PRSI NEEG SRR 27 %r, & TBEI ¥ak6Y| C2%f0@P has t he

alkyl group in place of the second hydrogen.

[0057] As used herein, a "carboxyl" group is a -COOH
group.
[0058] As used herein, an "alkoxy" group is an alkyl-0-

15 group in which "alkyl" is as previously described.
[0059] As used herein, an "alkoxyalkyl" group is an
alkyl group as previously described, with a hydrogén
replaced by an alkoxy group, as previously described.
[0060] As used herein, a "halogen" or "halo" group is
20 fluorine, chlorine, bromine oxr ibdine.
"[0061] As used herein, a'"heterocyclyl" group.is a 5 to
about .10 membered ring structure, in which one or more of
the atoms in the ring is an element other than carbon,
e.g., N, O, s. A heferocyclyl groﬁp can.be aromatic or
25 non-aromatic, i.e., can be saturated, or can be partially
or fully unsaturated. An aromatic heterocyclyl group may
also be referred to as a "heterocaryl" group. ‘Examples of
heterocyclyl groups include pyridyl, imidazolyl, furanyl,
thienyl, thiazolyl, tetrahydrofuranyl, tetrahydropyranyl,
30 morpholinyl, thiomorpholinyl, indolyl, indolinyl,
isoindolinyl, piperidinyl, pyrimidinyl, piperazinyl,
isoxzzolyl, isoxazolidinyl”;tetﬁaiblyi/ aﬁd

benzimidazolyl.



10 structure -S(O 2NH2. "Al kyl sul fanoyl " and "di al kyl sul fanoyl" refer to
sul fanoyl groups in which the nitrogen has one or two al kyl groups
attached in place of . the hydrogens, respectively. By anal ogy,
"aryl sul fanoyl" and "aryl al kyl sul fanoyl ™ groups include an aryl group in
15 place of one of the hydrogens and, in the latter case, an alkyl group
in place of the second hydrogen. [0065%} As used herein, an "antagonist" is
a nolecule that binds to a receptor wi t hout activating the receptor. It

conpetes wt en nd_fer -this _binding 20 site and, thus
reduces the t;bcfeti?ty 0 sg%t%g&l}n c?gglhous S‘Iui’sgtéﬁat?%q’ elgf?ﬁiyﬁ]t%lthe recept or .

[ 0066] As us&EPUreieid hedetesetdoftli gyeoapt wigoriiat Snd S-amorant agoni st t hat
binds to a &Wo@bﬁs%&@ )EQSlé)cfe Aggng‘sﬁg tuenceptor Wthlp%%tter affinity

than to ot her .subt ypes. Ve -ant oﬁl sf 'used. herein is
an ant agoni st!XHaRthey tﬁlgﬂakia]fatlﬂlmoty0$malﬁ®bryv ecaaqnamosrlandaftaﬁ(va) nanonol ar

bi ndi ng af fidydns,fes1d, hQrﬁZg}Ld’n@c&gP'g_orh}$ 813 (y ) at least 10 tines,
nore preferahly 50 tines prefer y tlrres greater affinity

for the Al b SUERCFpROBY h&ﬁi\rq’ﬁ’ralkMaoamtA@ recept or subtypes The Al b

sel ective [ [oosBagonisd usQ@.yneQ{étlanng| vtryym%?agt}tll..nhtegngogntﬂqcyftl receptor
subtype and have & % a %rml ar _bi ndin inity for the An “receptor
subt ype and {6)*Paf P st 1 ﬁe§ydﬁ‘b’ﬂé gE@uppreferabl y 50 tinmes, and nost

preferably 1006dlmes,As gsedtimreahf i ai tauifRmhoyire MoupURbypend han for Ala and

A3 rece tor £S5 1,00 erein, "infarction" means |ocalized
5 necrost@s resu ttlxgg fro%%truéﬁ%ﬂ "EI;'JT at“ﬁé b136d supply to a tissue

(e.g., nycardiiankyl$Q0GEbyAs resed B@réﬂﬂﬁamo§§QQ§nb§"1HE9ﬂ§x9thnadequate
' nitrogen has one or two alkyl groups attached in place of
the hydrogens, respectively. By analogy, "arylsulfamoyl"
and "arylalkylsulfamoyl" groups include an aryl group in
15 place of one of the hydrogens and, in the latter case, an
alkyl greup in place of the second hydrogen.
[0065] As used herein, an "antagonist" is a molecule
that binds to a receptor without activating the receptor.
It competes with the endogenous ligand for this binding
20 site and, thus, reduces the ability of the endogenous
llgand to stimulate the receptor.
[0066] As used herein, a "selective antagonls‘" is an
antagonist that binds to a specific subt ype of aden031ne
receptor with higher affinity than to other subtypes. An
25 "Rop selective antagonist"™ as used herein is an antagonist
having high affinity for 2, receptors and has(a) nanomolar
binding affinity for the Ay reéeptor subtype and (b) at
least 10 times, more preferably 50 times, and most
preferably 100 times, greater aFfinity for the Az subtype
30 than for Ag, and A; receptor subtypns The Az, selective-
' ’“;antagonlst may optlonally have -af 1n1tv'fsr the A;'res$ptor s
-subtype and hawve (a, manomola_ binding af[anL} for the A,

receptor subtype and (b) at least 10 times, more



bl ood supply (circulation) to a local area (i.e.,. organ or tissue) due to
bl ockage of the blood vessels to the area. 110 |Ischem a includes. conplete
cessation of blood flow and oxygen delivery to a tissue as well as hypoxia
whereby there. is a substantial reduction in oxygen delivery to a tissue.
[0069] As used herein "reperfusion" neans the 15 restoration of blood flow
to an organ or tissue. [0070] As used,ferein, "ischem a reperfusion injury”
refers to the injury to a tissue caused by ischema followed by
reperfusion. [0071] As used herein, "pharmaceutically acceptable” 20 neans
an amount effFECEFFRIY R0t FHMRT NG 6r P e RISERARPEY 1@8ndinedn characteri zed by
an el evat ed (adenesi ¥ inCOPCEIM ki AN ABALOE 6T e8sesl, sensitivity to
adenosi ne. ﬁ[%%;rg%) As used here, the term".patient” neans an ani nal,

i ncluding a T (S#PGYPeY hunman). 25 [0073] As used herein,

" phar maceut i [@Rl6ly aceeptakd eneredmr, i BfnfrcadpiV adansT@3BS1 @& @0N-t OXi C
carrier or ad'cl%\ég% retsrl}a%igayc be adnmini stered_tq an animal, together with a
conmpound” of THIS 1 AVENtT on.¢ and WAPEH Hoes ndt des 699t HPPLIEhE? macol ogi cal
activity ther édbsu80(€.007 4ycadiamiaceutically. acceptable anion salts

i nclude  salfgpegi thafeLlowidia, acifsMmianesyld oni ¢, ydrochl oric.,
hydr obrom ¢, sul furic, phosphoric, nitric, benzoic, ST tartaric,
fumari c, malkiced SHBRLYCHR) rePiat iCODNwrerlecal i srdy 41 . OO gE2)r - COON wher e
nis as defdsned esol S ' re used, e ratios of
sol vents_used ar2?3§¥Ln8/€%%§#%¥%§?9$e;gﬁF8876 sr%ﬁ‘%%n%tohéi"sor%%ility of a
solid i HOa SSICREREa jigicludes. complete cessation of blood flow and

oxygen delivery'to a tissue as well as hypoxia whereby

there is a substantial reduction in oxygen delivery to a

tissue.
[0069] As used herein "reperfusion" means the
15 restoration of blood flow to an organ or tissue.
[0070] As used herein, "ischemia reperfusion injury"

refers to the injury to a tissue caused by ischemia
followed by reperfusion.
[0071] As used herein, "pharmaceutically acceptable"

20 means an amount effective in treating or preventing a
condition chafacterized by an elevated adenosine
concentration and/or increased sensitivity to adenosine.
[0072] As used here, the term "patient" means an
animal, including a mammel (e.g., a human).

25 [0073] As used herein, "pharmaceutically acceptable
carrier or adjuvant" means a non-toxic carrier or adjuvant
‘that may be administered to an animal, together with a _
compound of this invention, and which does not destroy thé
pharmacological activity thereof.

30 [0074] . Phaimaceutically.acceptable anion ;élts-include

salts of thelfOlldwing.acids-methahesulfonic,:'
hydrochioric, hydrobromic, sulfuric, phosphoric, nitric,

benzoic, citric, tartaric, fumaric, maleic, CHs~(CHp)p-



used the ratio of the solid to the solvent is weight/volume (wt/v). [0077]
In addition, the follow ng abbreviations will apply throughout the
specification: 10 BCA refers to Bicinchoninic acid. B@®928 refers to
3-[4-(2, 6-di oxo-1, 3-di propyl -

2,3,6,7- tetrahydro | H- purin-8-yl)-bicyclo[2.2.2]oct-I-yl)- propionic acid.
(CaZT)i refers to intracellular calcihbymn. 15 CCD refers to Charged Coupl ed
Device. CPA refers to N6- cyclopentyladenosine. CPMrefers to counts per
m nute. DPM.,refe S to di sintegrations mnute. DR refers to the
concent rat i ot &P°F6S 1.3 030 %%%éﬁ??g ﬁﬁﬁ”bwhﬁﬁﬁﬂi§ﬁ Bf oduci ng a defi ned
response (gsgﬁﬁ&yabg$g,not necessarily, 500 of maxinmunm) in the. presence
of an antagonist, divided by the concentration producing the sanme response

in the abseh®¥f anfRRforficst erEFPATFePER U195 etRY| EHE@SaRT net et raacet i ¢

acid. 25 FLEPRdrekenised @1kl uemm@@amwwm Pl ate Reader. [3H-B@928
refers to t§+&¥ﬂn}labeled B&99 DPCPX refers to tritium| abel ed

8- cycl opent dwlb?rbﬁﬂexéﬂf‘fﬁﬁjré[c Ya co?rpsé)ﬁlfjl VB S9eVPRt &S or Al and Alb
adenosi ne re&ep&mkSraEHb[ﬁEHﬁhZNﬁAld385rE%éﬂébﬂvantri§|Un1|ab9|9d

4=(2-[7-am no: 4)triazolo(2,3-a)(1,3,5)triazin-5-
ylanlnaethyV? k1er{o iumy %&%Vfltlve substrate for Ala adenosine receptors.
30 [I] ref&p&7%lo thénGnthnbnaInhﬂwLoilmendlaeeravfahu@hsgedui [ 1251 ] AB- MECA

refers to [ %@ﬂf‘i‘h@&ljgﬁcﬁ&e'ﬁg L\pe_ci(fzi_cation:

10 BCA refers tc Bicinchoninic acid.

BG9928 refers to 3-[4-(2,6-dioxo-1, 3-dipropyl-
2,3,6,7-tetrahydro-1H-purin-8-yl)-bicyclo[2.2.2]oct-i-yl]~
propionic acid.

(Ca**)i refers to intracellular calcium.

15 'CCD refers to Charged Ccupled Device.

CPA refers to N6-cyclopentyladencsine.

CPM refers to counts per minute.

DPM refers to disintegrations per minute.

DR refers to the_concentration ratio, i.e.,

20 concentration of agonist producing a defined response
(usually, but not necessarily, 50%-ef maximum) in the
presence of an antagonist, divided by the concentration
producing the same response in the absence of antagonist.

EDTA refers to ethylenediaminetetraacetic acid.

25 . FLIPR refers to Fluorescence Imaging Plate Reader.

[*H] -BG9928 refers to tritium-labeled BG9928.

[*H) -DPCPX refers to tritium labeled 8-cyclopentyl-1,
3-dipropylxanthine, a competitive substrate for A, and Ay

'3aden051ne receptors.
30 -[ H] - ZN241385 refers to tritium labeled 4~(2-[7~amino-
2- (furyl) (1,2, 4)triazolo(2,3-a) (1,3,5) triazin-5-
ylaminagethyl)phenol,. & competitive snbstrate for Ap.

adenosine receptors.



am nobenzyl )-9-. (5- (et hyl carbonyl )-(3-D-ri bofuranosyl) 5 adenine. |B-MECA
refers to 1-Deoxy-|-[6-[[(3- : _

i odophenyl ) net hyl ] am no] - 9H puri n-9-yl ] - N-net hyl - (3N6- (4- _
am nobenzyl ) -9-(5- (et hyl carbonyl )-f?-D-ri bofuranuronam de. I1C50 refers to

t he concentration of agent which .10 inhibits 50% of activity being =
nmeasured. K3 refers to antagoni st disgpciation constant. KD refers to the
di ssoci ation constant for a radiol abeled drug determ ned by saturation
anal ysis. Kl refgers he iphibition _constant for drug; the 15
concentration ofﬁc]orrr%g?%sngzol ?%énc MR R bhge iL'B?i that woul d occupy
50% of the redeptigesdif no radioligand were present. AB-MECA refers to N6-

(4-am nobenzyl ) - G255 (iERLNYL AL DA gzgéé?%egi_?gggieay%%xl )(4§deni ne. 20 N

refers to nunmber of observations. NE

5' N- et hyl carboxewrangpatehoSi-ieetpAZarebeys) +fo-varh bganingi,c) measure of the
pot ency Qof aﬁan}@ agoni st; the negative |og of the concentration of

ant agoni st that would produce a 2-fold shift in the 25

concentrati on-r esp¥hSe rafrere torl-droagent 54— [RMBF refers to phenyl net hyl

sul phonyl fl i.de. . . REU refers tq Relative Flugrescence Units. 3HR-PIA

refers to [EE@%&%&%@b’ﬁ%%;}’ilﬁ%%b?‘%;ﬁ%ﬂa%ﬁbySh‘é’l](Pé?&‘?@yllgﬁﬂérf%ﬁr A3 adenosi ne

receptors). afidn&Gehizkd) pd-ofs-Neéedn da@body Of BR-0f nd G- hGoBgSMJation ratio
agai nst |l og (antagoni st concentration'). The

i ﬁ% érlcégf ’ olnotgh((aagbtlf)e’c%ﬁ erft F3Fi orreePtrakieniaf eganpt whuidthe pA2-val ue,
whi | e tHe shopibigisves: ¢nfaerediwmeahgubeihacaat ure of antagoni sm
Ky refers to antagonist dissociation constant.
_ " Kp refers to the dissociation constant for a
radiolabeled drug determined by saturation analysis.,
K; refers to the inhibition constant for a drug; the
15 concentration of competing ligand in a competition assay
that would occupy 50% of the receptors if no radioligand
were present.
AB-MECA refers to N6- (4-aminobenzyl)-9-(5-
-(methylcarbonyl)-B-D-ribofuranosyl) adenine.
20 - N refers to number of observations.
..NECA refers to 5’N—ethylcafboxamidoadenosine.
pPA; refers to a logarithmic measure éf the potency of
an antagonist; the negative log of the concentration of
antagonist that would produce a 2-fold shift in the
25 concentration-response curve for an agonist.
PMSF refers to phenylmethyl sulphonyl fluoride.
- RFU refers to Relative Fluorescence Units.
3_H—R—PIA refers to [’H]-R-N®-phenylisopropyladenosine
: »(radiqligand-ﬁor-AS adénosine-reqeptors). o
30 © ° °  8child plot refers fofa'graph.df log (concentration
. ratio -1), i.e., ldg (DR-1), against log (antagonist

concentration). The intercept on the log concentration



SD refers to standard deviation. SEMrefers to the standard error of the
nmean 5 XAC refers to xanthine am no congener. [0078] In general, the
invention features highly potent and sel ective antagonists of the A2b
adenosi ne receptor. In sonme enbodi nents, the conpounds of the invention may
optionally be selective antagonists of the Al adenosine 10 receptor.

Synt hesi s of the Adenosi ne Antagoni st 3€onpounds [0079] Conpounds useful in
-the invention may be prepared by conventional nethods known in the art. .
For 15 exanpixes mae@;amthesme @fAzthkﬂ.u%QWlOiﬂ_ndsch@fs.fL i§ek is described
in Internatlg%gkmg%gglcgéé W01/ 34604 and VWD /34610. [0080] Two
general net hods are descfibe dmh@féF?F qéaéﬁta?ﬁn%ﬁWEWIenploys a common
starting materiafd ref83r20taisuHnsihrd ed-a%16ndi am nouracil . (conmpound (V1)),
as shown in the hene I 3-Di subst ted-5, 6- diam nouracils
can be prepared %@Mgfggt?nd§f%% g?%%%gghoﬁﬁ?ﬂg ﬁﬁﬁeFF?%ally or

unsymet?i cal | y ¥bsrifeus et 1anéhing tamiopanoapstdrc aci d foI | owed by

ni trosati on japdsR5 redugt (s 1879, 1951; Can
J. Chem 46[ 34].?L3 196% Ill(_?;]iclorgg?ate é}lrellhg%urregf e?’%rﬁé/e sedne
UnsynnetrlcéWPys%h%§PVFu%%k?%eéﬁ?ﬁﬁn@%t@@nAbeaa@338sedrecap<nihe met hod of
Miel | er (). 1desondhaoc 3n 334 Lne 199BodiBEOLPAA ol DEL el by Tef erence).

In this nethog 6-. .30 anlnou[a0|l i s nonoal kyl at ed speci i 5 ly at N3 of
the wuracil e ak%%’BFu%mﬁﬁT%&Hﬁd??ﬁ%ﬁﬂ?lsﬁft%ﬁrﬁﬁﬁlﬁebﬁen0$mn§ubst|tuted N. 1
or- N3 pb&itirenegadr.be functionalized (e.g., alkylation) in the |ast stage
of synthesis. - 32 [0081] In the first general nethod, a' 1, 3

Synthesis of the Adenosine Antagonist Compounds

[0079] Compounds useful in the invention may be
‘prepared by conventional methods known in the art. For

15 = example, the synthesis of the compounds of formula I is
described in International Publication Nos. WO01/34604 and
WO01/34610.

-[0080] Two general methods are described herein. Each
of them employs a common starting material, 1, 3-

20 diSubstituted?S,Gfdiaminouraéil (compound (VI)), as shownl
in the two schemes below. i,3—Disubstitutéd;5,6—
diaminouracils can be prepared by treating the
corresponding symmetrically or unsymmetrically substituted
urea with cyanoacetic acid, followed by nitrosation and

25  reduction (see, e.g., J. Org. Chem. 16, 1879, 1951; Can J.
Chem. 46, 3413, 1968, incorporated herein by reference).
Unsymmetrically substituted xanthines can be accessed via
‘the method of Mueller (J. Med. Chen. 36, 3341, 1983,
incorporated herein by reference). 1In this method, 6-

30  aminouracil is monoaikylafed'specifically at N3 of the
uracil under Vorbruggen coﬁdiﬁions. Alternatively,
unsubstituted N1 or N3 positior can be functionalized

(e.g., alkylation) in the iast stage of synthesis.



di substi tuted-5, 6-di am nouracil (conpound (VI)) can first undergo a ring
closure reaction to produce a xanthine internediate that is unsubstituted
at the 8-position. 5 This internmediate, in turn, can couple with a
precursor conpound of the Z-R3 noiety to produce the desired 8-
substituted xanthines. Referring to schene 1 below, the starting material
1, 3-di substituted-5, 6-di am nouracil- 3pi -—e., conmpound (VI)) first reacts
with HC(OEt)3 to undergo 10 a ring closure reaction to produce a xanthine -

i nt er nedi at jat is uynsubstituted at the 8-position (i.e., conpound
(A). This ?%?%Hrredi%ﬁ (Lajc,heaf‘f‘lé?“ %Dﬁéa%r%%%@t%édab;’%n ami no protecting

group (e.q.disvlshiTiHRds, BENLathitdwerabill posipbuad) (VIur tdher finsder goes a
coupling reaction, .in f.a trngbaseé_‘e..,

nbatyl 11t Rt SRt BRERE G o8 cHeeORd SR ERS wich o
precursor tobpoeddatd thed Zs RAnswhisgtyufes qt, thm &twwshiydenor a ketone) to

produce san @} coNQkefhefratS0MROUNG, (Q)) . o8 hydroxyl, Qroup of the al cohol
can then be reacted to convert the 20 al cohol to an amne, a nercaptan, an

ether, a | aépmrfaind(ef gthe dofpditigtyB)9 Predusehelre fdpsderdnkl i zed conpound,

by met hodssueddi tkpemkdrianiRese aferabdimnards Skhbhel D B8yardne The N7
protection can then be renoved to obtain a deprotected product (i.e., .

conpound ( FF Y25 SiP che i e 128~ FLiHPRET TRt SNELFBEPIE<YE el d conpounds of
this invention., 38mpofcheme)l 00t React NW2:HChcRIEt)H psalgety®g N, 6 s N
group Sﬁgﬂ] erfﬁg~c oéuggxéggklio£¢€% p&ggéég(a3x%nLhYné}iJgegﬁgggatgHCJS
that is unsubstituted at the 8-position (i.e., compound
(A)). This intermediate, after being protected by an
amino protecting group {(e.g., with THP or BOM at the N7
position), further undergoes a coupling reaction, in the
15 presence of a strong base (e.g., n-butyl-lithium (nBulLi)
or lithium di—isopropyl—aﬁide (LDA)), with a precursor
compound of the Z-Rj; moiety (e.g., an aldehyde or a ketone)
to produce an alcohol (i.e., compound (C)). The hydroxyl'
group of the alcohol can then be reacted to convert the
. 20 ;lcohol to an amine, a mercaptan, an ether, a lactone
(e.g., compound (E)), oxr other functiohalized compound; by
. methods well known to those of_ordinafy ékill in the art.
The N7 protection can then be removed to obtain a
deprotected product (i.e., compound (F)), which can be
25  further functionalized to yield compOuﬁds of this

invention.



ONNH20NNR2R20(VI)(A)PRINN(B)I>-H O NI N 1. n-Buli,
THF, -78C 2. 0O PO P O&COOEt RINNRL, N~ COCH LI OHNON HO COCEt N
HO& NN /> "'"J\~/~ TBF, HZD R2 (D) R2 Ac2o0 (C heat OO POR NHO N
Deprotection RN N O (for deprotecting ON N THP, use INHCL O NN | in
THF/ MeOH) | R2 (E) R2 (F) [0082] In the second general nethod, corrpounds of
the 5 invention can be prepared by r¥acting the startlng -materlal '

R2
N

1, 3-di substituted-5,6-d.iam nouracil, with a
Scheme1
0 _
protecti =
_~NH,.HCI R1\ grouepcs:fhaso
_HC(OEY; > H
)\ reﬂux )\3 4 / PPTs, CHCl,
2 Rz
7 P
A
(VD (&) Riey g
él\ | ? i
N
Rz
1. n-BuLi,
THF, -78°C

2.

o=<:>—cooa

o p |
R1\N N
. LiOH
Ly eommaia ) e
0” N7 TN HO 0

R> ' 2
Ac,O (C)
heat
2 o]
Ri _é H 0
\ Deprotection ™~ N N O
)\ (for deprotecting - I V4 _
THP, use IN HC] N N
in THF/MeOH) I
z ®) Re  (F)
[0082] In the second general method, compounds of the

5 invention can be prepared by reacting the starting
material, a 1,3—disubstituted—5,6—diaminouracil, with a
precursor compound of the Z-Rsz moiety (e.gq., aldehydes or
carboxylic acids or carboxylic acid chlorides) to form a

| 6-amide substituted uracil intermediate, which in turn,
10 can undergo a ring closure reaction to yieid to a desired
xanthine compound. Referring to scheme 2 below, the

starting material 1l,3-disubstituted-5, 6-diaminouracil



precursor conpound of the Z-R3 noiety (e.g., aldehydes or carboxylic acids
or carboxylic acid chlorides) to forma 6-am de substituted uracil
internediate, which in turn, 10 can undergo a ring closure reacti-on to
yield to a desired xanthine conpound. Referring to schene 2 bel ow, the
starting material 1,3-disubstituted-5,6-diamnouracil 3 4. (i.e., conpound
(M)) first couples with a di- carboxy /_ester-substi tuted precursor
conpound of the Z-R3 noiety, HOOC Z-R3-O0CRa (i.e., conpound (G; Ra

represents H C _5 al nzyl .- enyl rlng being optionally 5
substituted wH T%P8Y %StIV?EJe 1ltes E'?séelcgcf)edgfrcﬁ{ln fhe group consisting of

hal o, hydr ozzzytbox),n/eﬂsté;r-addoex;@uﬁe@i yirelcdrgor Goapbees sifbsthet Utkd uraci |

i nt er nedi atﬁo%ﬁ}{al ,Hoge g? r%,H)(i g)y rC%%ﬁpFQQS(GWhIEh F}geg\@“ known to one

of ordinary oyi ng‘cou ng reagents 10 such
as benzotri Hzof=4 ﬁ;llkaieytcvli §€dm-‘e,t Hyleamhﬁo)’l rlplhob@hwmwmonally

hexaflUQ¢ODQQ§§H¥¥J%°QB&¥Qh 1C5b§£g§{4t %%9' ilacted from Lha roup

yl-N, N, N, N -tetranmethy. | uroni um hexaf uorophos& ate , or O
(7- azabenz 0FPR &y ing- 9F) hayoN, \anexyly e PE afmet Ry e?fb)nlththéieﬁfq uor ophothat e

(HATU)) . Exanphfse Lopeti camoupsk {10: nicrehigesdi qycd of 3ogpdlipgt ane- 1, 5-
di carboxylic_acid nononet hyl ester and__bicycl o[ 2. 2. 2]octane-

|, 4- di car bot§l | Padiedchbifvethyfr ¥ gelt Th’éo"iﬁ &ei PP% itferAEdP2E% can t hen
under go a rkRgLl clrosueeareaet fon B sdphagitg m@uu@rte(a@egts by errpl oyi ng
20 KOH gnd |sogr Oﬁﬁ#&é‘al cohol ield.a ﬁant ne cor’g‘pound (i.e.,-conpound

(J)),. WhichR"E Fgo" T4 t‘héryy?xl}'ﬁ&llsé tFBh"Y’0 produce varl ous
conpounds obhbthghoriimmehékafiuo35phoGdtagre (BOP), O-benzo-triazol-1-

yl-N,N,N' , N'- totramethyluronium hexafluorophosphate
(HBTU), or O-(7-azabenzotriazol-l-yl)-N,N,N',N'-
tetramethyluronium hexafluorophosphate (HATU)). Examples
15 of compound (G) include bicyclo[3.2.l]bctane—1,5—
dicarboxylic acid monomethyl ester and
bicyclo[2.2.2]octane-1, 4é-dicarboxylic acid monoethyl
ester. The uracil intermediate can then undergo a ring
closure reaction in a ba51c condltlon (e.g., by employing
20 KOH and 1sopropyl a1cohol) to yield a xanthine compound
(1.e.,_compound (J)),.whlch can undergo further |
functionalization to produce various compounds of the

invention.



0 RmMNH2.HO 0 H N HOOC-Z-13-COXK, (G R XC(300O0ONNH J P'21 R O
KOH, iPrOH R1,,NJ"-" Nreflux J j'/>Z-R3-CO0OF;" ONNP'2 The desired
al dehydes, ketones, carboxylic acids and carboxylic acid chlorides are
commercially available 5 (e.g., fromAldrich Chem cal Co., Inc., MIwaukee,
Wsc.) or can -be readily prepared fromcommercially available materials
by wel | -known synthetic nethods. Suckldssynthetic nethods include, but are
not limted to, oxidation, reduction, hydrolysis, alkylation and Wttig
horol ogat i og.ddns9actions. For ref erences regarding the preparation of

, bi cycl oal kane cgyboxylic acids of the invention (e.g. corrpound creny,
Wmch is an _exangl e of corrpound (GQ), -see, e.g0.9 Aust . Chem 38, 1705,

1985; Aust R~ 2HG061, 1986; J. Am Ch SOGi 75 637 1953; J.
Am Chem 15 Sqc.'§6, 5183, nbB64:R400KNT) Ch §2:COPFg0;  J.
Og. Chem 46 79551981 ‘a‘nﬁ@—m , 6 73 1995 [0083] There
are many metHods N o N her fORERFSHES ze O whi ch contains a

carboxylic acid @, ester 20 attached to th@ R3 |et 2 For exanpl e,
conmpound. (J) can be converted: 'to the corresponpl ng acrylic acid

derivative. Q).%?y is to first hydrolyze the ester_group of conpound 36
(J) (provided th Ra is not H to give the correspofidi ng
0

R /U\/H

KOH, iPrOH 1\N N
reflux - - )\ /“\ />—Z-R3'C00Ra

N N

© |
Ra

)
‘The desired aldehydes, ketones, carboxylic acids and
carboxylic acid chlorides are commercially available
5 (e.g., from Aldrich Chemical Co., Inc., Milwaukee, Wisc.)
or can be readily prepared from commercially available
materials by well-known synthetic methods. Such synthetic
methods include, but are not limited to, oxidation,
reduction, hydrolysis, alkylation and Wittig homologation
10 reactions. For references regarding_tha preparation of
‘bicycloalkane cafboxylic acids of the invention (e.qg.,
compound (iII), which is an example of compound (G)), see,
e.g., Aust. J. Chem. 38, 1705, 1985; Aust J. Chem. 39,
2061, 1986; J. Am. Chem. Soc. 75, 637, 1953; J. Am. Chem.
15 Soc. ‘86, 5183, 1964; J. Am. Chem. Soc. 102, 6862, 1980; dJ.
Org. Chem. 46, 4795, 1981; and J. Org. Chem. 60, 6873,
1995.
[0083] There are many methods to further functionalize
compound {J), which contains a carboxyllc acid or ester
20 - actached to the Rj m01ety For example, compound (J) can
| "be converted to the corresponding acrylic acid derivative.

One way is to first hydrolyze the ester group of compound



carboxylic acid, reduce the carboxylic acid to the correspondi ng al cohol,
oxi di ze the al cohol to the corresponding al dehyde, and then performa
Wadsworth 5 Horner-Emons or Wtting reaction to formthe corresponding
acrylic acid derivative. Conpound (J) can also be transforned directly to
its corresponding alcohol. A different variation' is to transform conpound
(J) directly to its correspondi ng-akgehyde. A further 10 variation, is to
transform an ester-containing conpound (J) to its corresponding carboxylic
acid, and then,6 directly to the al dehyde. Alternativel one_can
funct i onal |(;5§ {REPrEcur 8oy F%?O?T‘E)O?Joﬁ'd@gf gf’h%l‘ie- ﬁ?enﬁ?ﬁf%spﬁgab?% coupling to
the or 1, 3-dirbubsliid woad; Sredireunbebsttdayddexantditeethe schenme 1 or the
L3 di SubSLLLULEd B S HLANMNOWLAGLL 1 /he SGRBHE 2o BHEUREr, cOMpounds of

[ suppor

this invention can be prepared on so (e.g., Wang resin). [0084]
The synt hesierefp@rdihy 216ehlydscoand3thpmemibrm29 Wadsworth-

2,3,6, 7etet rQ-1TH-puLi ;8- +bL &yel 0l 2,2l a6is 1-yl]- propionic acid
(BG0928) is}[og‘gégrl ed in In_%_erlnég%fong%l_ pu%’l ﬁgat% WO01/ 34610. [0085] In
some enbodi ¥EFESPoRtE G GAPHUHE R ey IRl Vativite FORARUGE &N &8Riral compound,

an optical | 1 RCHE Ve HATRRHEE, di r2t By PU 611 38t SL SMURIingaTHoRbYl € of

- di astereoners, a prodrug, or a pharnacol ogically acceptable salt thereof.
[0086] |n Sorfefépberfi FeRtats?™ tive tPNVEMRTOHM FREPOYGhPEUnds of formul a |
exhi bit an @fdecBi{yed arest Ber A2dbornadanosi duhyibeCepi ofutthat is at | east
10-fold greater than 30. the affinity for the Ala adenosine receptor or the
A3 adeflosi W& PELRDL orS tPntB?Tﬁﬁoggnﬁ%dﬁ?ﬁﬁﬁ???ntﬁ%P%ﬁﬂWﬁBﬂPﬁﬁ?gof fornula |
exhi bit an af)f itei Lys far-rdebpoinqadenosiyei c receptaid tthat 1 s at | east

50-fold greggégétﬂgagbtéﬁé aldehyde. Alternatively, one can
functionalize the precursor compound of the Z-R3; moiety
before coupling to the or 1,3-disubstituted-8-

15 unsubstituted xanthine in scheme 1 or the 1,3-
disubstituted-5, 6—diaminouracil in scheme 2. Further,
compounds of this invention can be prepéred on solid
support (e.g., Wang resin).

'[0084] . The synthesis of 3-[4-(2,6-dioxo-1,3-dipropyl-

20 2,3,6,7—tetrahydro—lH—purin-B—yl)—bicyclo[2.2.2]oct—1—yl]—
propionic acid (BG9928) is described in International
publication WO01/34610.

. [0085] In some embodiments, the compounds may be in the
form of an achiral compound, an optically active compound,

25 a pure diastereomer, a mixture of diastereomers, a prodrug
or a pharmacologically acceptable salt thereof.

[0086] In some embodiments of the invention, the
compounds of formula I exhibit an affinity for the Ay
adenosine receptor that is at léast 10-fold greater than

30 . the affinity for the 2A;. adenosine receptor or the As
adenosine receptor. In other embodiments, the compounds of
formula I exhibit an affinity for the A, adenosine

receptor that is at least 50~fold greater than the



37 affinity for the Al a adenosi ne recept or or the A3 adenosine receptor.
In yet other enbodi nents, the conpounds of formula | exhibit.-an affinity
for the Alb adenosine receptor that is at |east 100-fold greater than the
5 affinity for the Al a adenosine receptor or the A3 adenosine receptor. In
sonme enbodi nents, in addition to the affinity for the A2b adenosi ne
receptor, the conpounds of formula 45yoptionally exhibit an-affinity for
the Al adenosine receptor. 10 [0087] In sone enbodi nents of the invention,
the conmpounds of formula | exhibit a Ki value for the A2°b adenosi ne
recept or mﬁféﬁn?gybtéiroﬁf‘%oﬁanﬁenloﬁlﬁ?h’é?cepér?ﬁoﬂ?rFé’r‘?t§3oal‘qinr?§lf‘ﬁvention, t he
conmpounds afeckotonl] d@nl yeexdirurt eabddinealtise fios ddi@oA@ds adenosi ne recept or
which is 15 bel ow 200.nM. I n .ot.her_enmbodi pent s of .the invention, the
conpounds offor'fHBEﬁufae’ﬁhlgil(Rianri %é%tgllkll“X/a“?ourg%g()r&?haedse,&’fbsm%denosi ne recept or
whi ch is beleawoi8r nMatPiedarctlicant 01 0A2irladgnestiare tReseptor Anti bodi es 20
[0088] The Janent|on,Alag gncomnasses the.yse of oantibadies;pai sed against
the A2b adenosSine receptor,~as antagonists of the receptor. Such

anti bodi es dsicgpkor he In sgandcerbedgrentrlergspAd)tdsirdenghsite on the A2b
adenosi ne J&QERLOM s REENSNadhiR 1hb9208e{®+T- th@deRBSLAE) J4 om 25 binding
to the receptor. [0089] The A2b adenosi ne receptor may be used to elicit

pol ycl onal ¥mdaot| Wrarrahty Fodiest vtk G tbrhey tfort kB2 A2b  adenosi ne
receptor usddigGodiMard&leytef. techniques well known to those of skill in the

"art. Alterpatively, 30" peptides corresponding to specific regions of the
A2b  ad@nosiPE ecep]t‘brsoﬁ’gygrﬁ}é"dslf?ﬁ’t‘ﬁ%s?ietg‘eah?fgei&te‘&nt ot%F eat e

i mrunol ogi cadmpoaagends meaaldingxhobield Hnewmuaeiorheds. ay,
-adenosine receptor which is below SOO nM. In other
embodiments of the invention, the compounds of formula I
exhibit a Ki value for the Az, adenosine receptor which is
15 below 200 nM. In yet other embodiments of the invention,
the compounds of formula I exhibit a Ki value for the Az

- adenosine receptor which is below 10 nM.

Production of A,, adenosine Receptor Antibodies

20 t0088] Thelinvention also-encompaSses the use of
antibodies raised against the A, adenosine receptor, as
antagonists of the receptor. Such antibodies block the
ligand (e.g., adenosine) binding site on the A, adenosine
receptor or prevent the ligand (e.g., adenosine) from

25 binding to the receptor.

[00889] The Az, adenosine feceptor may be used tc elicit
- polyclonal or monoclonal antibodies which bind to the Az
adenosine receptor using a variety of techniques well
. known to those of skill in the’ art. Alternatively,
30 péptides cbrresponding to.specific=regioné of thé Aoy,
adenosine receptor may be synthesized and used to create

immunological reagents accarding to weil known methods.



38 ti [0090] The human Al b adenosine receptor has been cloned and the DNA
sequence encoding the receptor as well as the protein sequence for the
receptor have been identified (R vkee et al., M. Endocrinol., 6, pp.
+1598-1604 (1992); 5 Pierce et al., Biochem Biophys. Res. Conmun., 187.,

pp. 86-93 (1992); Reppert et al., U S. patent 5,516,894). [0091]

Anti bodi es directed agai nst the A2b-aggnosine receptor of this invention
are i nmmunogl obulin nol ecules or portions thereof that are i munol ogically
reagtive wt t he -AZ2b n@si ne_receptor of the present jnvention. .Mre
preferably,[Pﬁéaéntibo i%@gﬁég FﬁePﬁé“%%fﬁaa t%?qF%b%e?ﬂv%HFFSn are

i mmunol ogi ca@Cy thedd¥ veawinds eheollimmrithe becatitng deneént ofs the A2b
adenosine r . 2 t i-hodi ire d.aqgai nst_the b adenosi ne

15 receptor %rm%sg%g se[ggg?é% e@b&prm%%ézygtri gérll\?% e%%sﬁ??%‘bﬁfgleéﬁost . Such

ant i bodi es ﬁﬁﬁvbéeﬁ%1?ékoﬁ%ﬂr'EPdﬁ@ﬁbﬁﬂomaBLszréﬁéBab6®4tMQyzaxe

nonocl onal . tReeducdd an . of pRRnkG!, Oﬁ%ohﬁ?dRQP.nQ&n&g\ﬁ[ a{';%d' bodi es is w thin
ordinary skill in the art. For a review of methods Useful “rn practicing
the 20 invedrdn, (58¢) 7 eRePrertapt ot and -Bank2{ergss) S1amM34odi es, A
Laboratory Neeeal, YehtoibodidsEdietctdd agh98dd itrANR,. aBeMosfe Bi ochem , 50,
pp. 657-80.Teagd éys%bgh.et al . §é19§9 ;. Current Protocols in Mlecular

Bi ol ogy (NewSYOPR®* FohA ¥ '8 REEBRATE (PRAR S oA LRI TSLeIDeEer 9% nat i on of
25 i nmunor e@erit¥ety thethoArtha2baadenosinde oy £ELNEOkeFBY: Re yiRde by any of
'sever al t Sywe in the art, . including, e.g., inmunoblot assay
and ELIlsdArf Fgng%jb en%%?%afecdﬁttioﬁoal%e%h%pfﬁs%‘?“f %TﬂVFPgéOBf 1ore M or
preferably PEegderzblyo- the Mrkippdses onger iarend ypicaabbyor 3@emade by standard

procedures @%Véﬁ@ﬁﬁi@?g1iﬁh&hﬂoggckﬁﬁjQ%ECEBQQw&%getéégg%%nEUpra' Briefly,

appropriate aninmals are
binding domain of the A,, adenosine receptor.

[0092] Ant;bodies directed against the A, adenosine
15 receptor may be generated by immunization of a suitable
host. Such antibodies may be polyclonal .or monoclonal.
Preferably they are monoclonal. Production of polyclonal
and monoclonal antibodies is within ordinary skill in the
art. For a review of methods useful in practicing the
20 invention, see, e.g., Harlow and Lane (1988), Antibodiés,
‘A Laboratory Manual, Yelton, D.E. et al. (1981); Ann.
‘Rev. of Biochem., 50, pp.‘657¥80.} and Ausubel et al.
(1989); Current Protocols in Mblecular.Biologyl(New York:
John Wiley & Sons), updated annually. Determination of
25 immunoreactivity with an A, adenosine reéeptor may bé made
by any of several methods.well known in the art,
including, e.g., immunoblot assay and ELISA.
[0093] -Mgnoélonal antibodies with affinities of 1078 M™*
or prefefably 107° to 107 M1 or stronger are typically
30 made by standard procedures as described, e.g., in Harlow
-and Lane , (1988) supra. Briefly, appropriate animals are
'_ selected and the desired immunization protocol followed.

After the appropriate period of time, the spleens of such



sel ected and the desired i mmuni zati on protocol followed. After the
appropriate period of tine, the spleens of such - 39 aninmals are excised
and individual spleen cells fused, typically, to inmortalized nyel oma
cells under appropriate selection conditions. Thereafter, the cells are
clonally separated and the supernatants of each clone tested for 5 their
production of an appropriate 'antibodySspecific for the desired region of
the antigen. [0094] O her suitable techniques involve in vitro exposure of

| ynphocyt es ahomi e a@bt bgeidsd AZ2b agdenasipeg s % fQh 1 s OF st ernatively, to
sel ection of I|br13r¥| es of 10 ant| bodi es in age or si m‘far vectors. See

Huse et al. ¢e O oHBROL 5L 1993“3@3}0(“19(8@)15 ARdepodpezrgsetal in  the

present i nvesreﬂemamayoheletmisoyedhwdakft@rr V%K@Qigllsnggéfél%ELRE Anti gens
(in this casg r%,gzangd nosi ne rececpt or) and anti bodi es can be | abel ed by
j 0i ning, either 15 coval ent IFSF AbH: c?m?al Bt yolorestipstethder whi ch provi des

for a detecttablie rsqoglnatlo'\/am @us abatrglrd aandasoijdigakpes: s ieebni ques are

known in the,arg.and.ca mlpye practicing the invention. Suitable
| abel's include T gggnuggpﬁle% lé% gqrretslgenubst rates, cofactors, inhibitors,

20 fluor escéﬁf’-"’éﬂgent §th%he$ﬁltla@ﬁnen‘e%zt@ntqueag:amcsl,verragneittrtb particles and

the |ike. Pakepis- gach 2 .US S bel,s include U S. Patents
' 3,817.837: 3,850 955, %’%3&9&%?% g%ocféléeagggtgl 3‘%7“7”5‘%‘? ROF"$75, 149 and

4,366, 241, TAFERLOT reéénﬁ?\%cﬁ‘tavﬂﬁﬁhhogil%Eahmqmebéllpxmeect(see 25 U.S.
Pat ent g 816n5ﬁﬂadleg0935§hﬁg anrt bedw 0f Lhis; | nyent jon. nay, al so be a

hybrid nol ecul e forpged from i munogl obul in sequences from different
species (e. (S e%‘lis@ﬁhd@mﬂ‘&ﬂf Bt f1r9(§|5h) porittorpedigs pemAwdogh obul i n | i ght
and heavy Chaerpﬁﬁﬁauenﬁﬁﬁeﬁﬂﬂmmlhhﬁ be employed with or without

modification. Antigens (in this case the Ay, adenosine
receptor) and antibodies can be labeled by joining, either
15 covalently or non-covalently, a substance which provides
for a detectable signal. Various labels and conjugation
‘technigues are known in the art and can be employed in
practicing the invention. Suitable labels include
radionuclides, énzymes, substrates, cofactors, inhibitors,
20 fluo:escent agents, chemiluminescent agen:s, magnetic
particles and-the like. Patents teaching the use of such
labels include U.S. Patents 3,817,837; 3,850,752;
3,939,350; 3,996,345; 4,277,437; 4,275,149 and 4,366,241,
Also, recombinant immunoglocbulins may be produced (see
25 U.S. Patent 4,816,567).
[o095] An antibody of this invention may also be a
hybrid molecule formed from immunoglobulin sequences from
different species (e.g., mouse and human) or from portions
of immunoglobulin light and heavy chain sequences from the
30 ;ame species. An antibody may be a single-chain antibody
or 2 humanized antibody. It may be a molecule that has
multlple blndlng spec ifici ities, such as a bifunctional

antibody prepared by any one of a number of techniques



30 sane species. An antibody may be a single-chain antibody or a humanized
anti body. It may be a nolecule that has nultiple binding specificities.,
such as. a bifunctional antibody prepared by any one of a nunber of

techni ques 40 known to those of skill in the art including the production
of -hybrid hybridomas, disulfide exchange, .chem cal cross-I|inking, addition
of peptide linkers between two. nonéelonal antibodies, the introduction of
two 5 sets of immunogl obulin heavy and |light chains into a particular cel
line, and sghdwarth.cide antkpodi es ofe tdis ihBY@@iﬂ%r‘th@ay al so be hunan
nonocl onal anti bodi es, for exanpl e those produced by inmmortalized human
cells, by SIBREIN & SwPsERYOROAHS hTHER L anf et *SPeaPabl e of produci ng
"human" antéthedices, co6ss-hynkhey expaesisdronobept omed ihwaasn i mmunogl obul i n
genes. The preparation of hu niéed $ﬂtiquies isc}qgght by US. Pat.

Nos. 5, 777, BHSRAA &0 FHECSATT GASEIOT 1 S CoRB ST GRIPT O Phe art,
provi ded W $déts b5 theuiedebubgs ebvy hhsd i nweat coaindhastavai | abl e a variety
of met hods whi.ch be used to alter_t bi ol ogi cal properties of the

ant i bodi es %ﬁﬂ?ﬁFgg¥n%§%tﬁéﬂeiﬁgpua?n%opﬁ%thods whi ch woul d i ncrease or
decrease t hehstaaliibptyeorof hai$ -inveetiommmogenpch¢ yureoxicity, affinity or
yield of 20m éyﬁ%ﬁglagﬁﬂf%H%Xe lfﬁiugﬁamﬁietﬂ%oggtﬁfodJcehnbﬂny other way

that may render it nore suitable for a particular’ application. Uses for
Al b adenosi henRicdpeed nmaagend5t.sP25STDDOT mEke e@tdid@s Bt conpositions
of thisid NVERMdPRniBYs hegised §0 pRbEYEM g Hulh» OindiRatepatdents. having
undergone an ischemc event or in which an ischemc event 1is inmmnent. The
i schem ¢ evéhttQﬁaﬁXBé?s$¥ﬂn @?aﬁ%ﬂQ§F human immunoglobulin genes. _

The preparation of humanized antibodies is.taught by U.S.
Pat. Nos. 5,777,085 and 5,789,554,
[0096] In sum, one of skill in the art, provided with
15 the teachings of this invention, has available a variety
of methods which may be used to alter the biological
properties of the antibodies of this invention including
methods which would increase or decrease the stability or
half-life, immunogenicity, toxicity, affinity or yield of
20 a given antibody molecule, or to alter it in any other way
- that may render it more suitable for a particular

application.

"Uses for Az, adenosine Receptor Antagonists

25 [0097]1 The methods and compositions of this invention
may be used to prevent, limit or treat patients having
undergone an ischemic event or in which an ischemic event
is imminent. The ischemic event can be, for example,
acute coronary syndrome (including myocardial inZarction),

30 stroke, organ transplantaticn, kidney ischemia, shock, and
organ transplantation surgery. In some embodiment, the

ischemic event is a myocardial infarction.



acute coronary syndrone (including nmyocardial infarction), 30 stroke, organ
transplantation, kidney ischenia, shock, and organ transplantation
surgery. In sone enbodinent, the is:chemc event is a .nyocardi al
infarction. 41 [0098] In sonme enbodinents of the present invention, the
Al b adenosi ne receptor antagonist is admnistered wthin ten days before
or after the ischemc event. In othen enbodi nents of the present

invention, the A2b 5 adenosi ne receptor antagonist is adm nistered within

five days pRidie Ofaldogl LGJiaERedt 6 eanby Ly Sh ol heL, enbodiments of
‘the present invention, the adenosi ne re€eptor antagoni St is
adni ni st er ethenifehiagdenapithayscerfar @ngroahi et ishedinscimmiredevent . | n ot her

enbodi ment syidhe AR 4MQ adepasine.receply sanhagonist,is adm nistered
Wi thin two ldays aftera%%he ischgrri(a: event . [10099 The Br esent invention

al so provi d¥SSF REPPSHNES PF dASi RS2 sewsatbenditder 8er nedi ated by
act i vat ison &fendshae Abdr3RA8R0SH 1R RESEPL OTa M nadhE PiSLLELNY £iQea mammal in
15 need thereof an Ehar maceutically effective or a prophylactically
ef fective atbithe5PEarPAZS aHeSs M AEMSTeT e - antthg6hi SER*F thi s
i nvention. &f¥ROheThe disehenpreseveninoéteivg,esubts, i apeeigsi s of the
tissue affected. The present invention, al sdowg%ﬁvi des 20 a net hod of

[

ceptor anta ISES By o 86§ﬁtb%§ﬂ¥ﬁrising

. . . . re onistct .2 1 r .
limting tissue RecFosi ¥ Fasutt i NG T onT an
i denti fyi ngo:a afaemathe¢ hisichhasc ayedéer gohe @rheri sobheitireneyentheom,d N whi ch an

i schemqg ev 1S 1 P L. and n.pistering.a therapeutically effective
or prophyl a%%ncoasllﬁﬁ g%%%??rve ar?%g'%go é’andmﬁ%ﬁsgﬁléen%gi‘ﬁrémﬁgwroeceptor
ant agoni st @4ys Bif§er nitentiisghemim eyone- enbodi ments, the A2b adenosi ne

receptor antgayii st tse RAOLAL SLOLEd: WLt N 1,e0 faYs Pelor S QF after the
| schem ¢ treating a disease or disorder mediated by activatior of
the A;, adenosine receptor by administering to a mammal in
15 need thereof an pharmaceutically effective or a
prophylactically effective amount of an A,, adenosine
receptor antagonist of this invention.
[0100] The ischemic event often results in necrosis of
the tissue affected. The present invention also provides
20 a method of limiting tissue necrosis resulting from an
ischemic .event ¢omprising.identifying'a mammal that has
undergone an_ischemic event,or.iﬁ which an ischemié.event
.is.imminent and administering a therapeutically effective
or prophylactically effective amount of an 1B,, adenosine
25 receptor antagonist of this invention. In some
embodiments, the Aj, adenosine receptor antagonist is
administered within ten days before or after the ischemic
event. 1In other embodiments, the A,, adenosine redeptor
antagonist is‘administered within five days before or
30 after the ischemic event. In other embodiments, the A
adenosine receptor antagonist is administered within two

days before or after the ischemic event.



event. In other enbodi nents, the A2b adenosi ne receptor antagonist is

adm nistered within five days before or 30 after the ischemc event. In

.ot her enbodi nents, the A2b adenosi ne receptor antagonist is adm nistered
within two days before or after the iscihemc event. 42 [0101] Myocardi al
~infarction is the devel opnent of nyocardial necrosis caused by an

i nhal ance between the oxygen supply4dnd demand of the nyocardi um and
results in nyocardial necrosis. Myocardial infarctions are often 5 caused

by the ruptreief phagéarwiih itdfreabusny fir MRLI @&vdiRpr@ncosonary vessel,
resulting in an acute reduction of bl ood sugply to"a portion of the
nyocar di um™ AR dhad "CESEEE FarSFar PY ath gibesapfetietyeen idi®on of the vessel

and subsequefenmyesEdiaak d&ehiRIToa. + K9 MRhed 06 ksl @Bseftd he 10 coronary
vessel for severg!.lg ours ours) _results in irreversible

e.g.,. 4-6 h _ L
nyocar di al TS rl-eft"f\ﬁ@%é?', MWEFaFFu3t o SR Chi IS A€ PEF§d can sal vage
t he nyoéar déaltmedand treducetans kifdivt ygaadvinmr tabédnus Ebenef odreint he

i nvention al so _provi des a.,mnet hoqLof [imti ng 7Ehe sjze . of 15 an infarction,"
a coronar, C e

fol | owi ng a nySCAral alo I nfarction By ~F BherEyT iy R rdffe” t hat has
under gone abinagcandi bt to Af pectioon obrthe mwicehdaumyodatdimdy i nfarction i s

i mm nent apgs' dm, pi st.eri.ng.a ther utloalliy. effective or ;
prophyl actica Lﬂy e?f%%:t Ve %mu%?lggsa%é%%glé e%logcﬁlr?ev%s?lecaélﬁt or
ant agoni st PSR MMaTEIreRa L 1ipchenba . erfisodilabntacliulgéon ¢f ddenosi ne

receptaln ant&gni-stve&isdihics: ddgnti QBLES (%dei. ni s1ered W thin ten days
before or after. the jschem c event. In other enbodinents, the A2b
adenosi ne rELBPLSr IAMFFIAFELLTS "WARP AT S ePEATWF thi n HPWGEEI 25 days

bef ore-or atégirubeoh SEReAhCteMENeri bl S4h@h1veghad MBS Sardilg Al D
adenosi ne r§§f%§%ﬂcQQhﬁgggE§§ ééé mortality. Therefore, the
’ e
invention also provides a method of limiting the size of
15 an infarction, following a myocardial infarction by
identifying a mammal that has undergone a myocardial
infarction or in which a myocardial infarction is imminent
and administering a therapeutically effective or
prophylactically effective amount of an A, adenosine
20 receptor antagonist of this invention. In some
embodiments, the A;, adenosine receptor antagonist of this
invention is administered within ten days before or after
the ischemic event. In other embodiments, the A,
adenosine receptor antagonist is administered within five
25 days before . or after the ischemic event. In other
embodiments, the Az, adenosine receptor antagonist is
administered within two days before or after the ischemic

event.

30 Pharmaceutical Compositions

[0102] . The adenosine B receptor antagonists may be
formulated into pharmaceutical compositions for

administration to animals, including humans. These



" “vegetable fatty. aci

adm nistered within two days before or after the ischemic event. 30

Phar maceuti cal Conpositions [0102] The adenosi ne Al b receptor antagonists
may be fornulated into pharmaceutical compositions for admnistration to
ani mal s, including humans. These 43 pharmaceutical conpositions,
preferably include an anbunt of Al b adenosine receptor antagoni st
effective to treat, :limt or prevents ischem a reperfusion injury and a
-pharmaceutical ly acceptable carrier. 5 [0103] Pharnaceutically accept abl e

carriers usgagimgc@_utw RRBLIBCHI | 63L COMASLLLONS. INCHg,y € 0., 10N
exchangers, umna, arum nﬁm stearate; Fee I, CSerum pr ot ei ns, such as
~human ser uneél unadenasafié elre%ipbgtfaw@@s;onsatheérsecphasphat‘egatgl ycine, sorbic

- acid, potassiym 10 § gg@ ,lseagamlregu@s 1;1;& resq of saturated

wat er, salts or e%ectro t such as protanine
~sulfate, di S’ééllff&ﬁﬁehl)?él?éﬂgb}h aﬁﬁé?b%%lteecaﬁé%%@m um hydr ogen phosphate, sodium

chloride zigeosgal t seneshdidaka: si Ialc@eptgﬁg@ecﬂ&mkglﬂérheam pol yvi nyl
pyrrolidone, 15 cellul ose-based substances, dyet hyl ene gl ycol, sodium
car boxynet h)}"PE%‘FIRﬂaé‘é‘éce‘bﬂ“ﬁécFW%ﬂ%loﬁéxje%c ude, e.g., ion

pol yet hyl enexpRAxRepr opy eRe- Bh@ﬁlkwﬁOIsyQEf&e,pqle)éetﬂi\yA e@ermgl ycoI and wool
fat. [0104] The conpositi on t he ent . invention

adni ni st er e&@*PaF MY e PEFT 25 F‘Tyse i‘"’l REPHt &?f§5Fa§/‘mg“t38fﬁ%al ly,
rectal ly, na;sahlg/s, vhvesadias, wagtiad,l| ysocablm@clcanpbﬁ@éanined reservoir. The

term " parenter as _use fllre‘Ln i ngl udes_subcutaneou {5 enous,
int rarruisaqzul zfrorgaiferft P43 ardl L TR sy%ov?P SatUARFR tV&gﬁ ?531

i ntrat hecal faichy radigpat veted,nsratesioridkcandl yres, asnani
-protamine sulfate, disodium hydrogen phosphate, potassium
hydrogen phecsphate, sodium chloride, zinc salts, colloidal
silica, magnesium trisilicate, polyvinyl pyrrolidone,

15 cellulose-based substances, polyethylene glycol, sodium
carboxymethylcellulecse, polyacrylates, waxes,
polyethylene-polyoxypropylene~block polymers, polyethylene
glycol and wool fat.

[0104] The compositions of the present invention may be

20 administered“parenterally, orally, by inhalation spray,
topically, rectally, nasally, buccally, vaginally.or via .
an implanted reservoir. The term ﬁparenteral" as used
herein includes subcu;aneous, intravenous, intramuscular,
1nLra arulcular intra=synovial, intrasternal, _ _

25 1ntrathecal, intrahepatic, intralesional and intracranial
injection or infusion techniques. Preferably, the

compositions are administered orally, intraperitoneally or

intraveriously.
[0105] Sterile injectable forms of the compositions of
30 this invention may be agueous or oleaginous suspension.

These suspensions may be formulated according to
technigues known in the art using suitabie dispersing or

wetting agents and suspending agents. The sterile



injection or infusion techniques. Preferably, the conpositions are

adm nistered orally, intraperitoneally or intravenously.. [0105] Sterile
injectable forns of the conmpositions of 30 this invention may be aqueous
or ol eagi nous suspension. .These suspensions nmay be fornul ated accordi ng
to techniques known in the .art using suitable dispersing or wetting
agents and suspendi ng agents. The stegnile 44 injectable preparation my
al so be a sterile injectable sol ution or suspension in a non-toxic

parenterall - a cept abl e diluent _or o vent or exa a solution in
1, 3- butaned‘ ot %g & ChET ALtEhI"aBI 3 VeHI T Ped :H“Slng? é%ﬁs that may be
enployed eu&phmatem,oﬂasmgpeh51snﬂlutaompnimuilbsparnnuersmuyiun chl ori de

sol utron. 1AYdbLon. 1 sherll ecibixed £l) L are panventi qnally. eml oyed as

a solvent or uspendi pur pose, d"fixed oil may
be enployedu1ﬁeBuUut&peﬁynﬂhetAmyanhbe %ﬂcantablﬁ zﬁ@p@éﬁsdgmi Fatty acids,

such assol el .aptd and gxra@ p| HEEHLLE Qﬁl'v}é@hv%n@a‘% Hsﬁ{l]‘ﬁtloﬁl the
preparation of injectabl as are natural pharnmaceutically-acceptable
oi I's, such ansl dSPVeR ISO8E UR aBtIGF 16F | sosped al Ty §adithedr

pol yoxyet hydatredeyef Siins:1d hoSe Bhle$0] dHd10)SeMb1ckRaSHSPENSI ons may al so
contain a |l ong ~chai n al cohol diluent or dispersant, such as carboxymethyl

cel I ul ose o§°¥ﬁeﬁrl%f SWﬁP@B@f%?rﬂfdéﬁﬁntSF%ﬁuFFHSaP%F99§ﬁnD?H%/Qkﬁgﬂ inthe

formul ati ont6fedpbar raoe wei @ﬁd:icyyeaiccﬁ@w@ira; d9sage: fc0mBBo- idicldddi ng

enuI5|qu and sus enS|Qn§ Q he connDnI% used 20, surfactants, such as
t

Tweens, "~ Spafrs’ “and 8fhefaéﬁﬁlé?¥ g iCRgehtS S BT hvER ability enhancers
whi ch are corpmialije doedathvéhemanséac ure tak phayaraceot iccal |y accept abl e

solid, i qu'njec(%rabgég,erasdggggga I:etrlnspl'rlraa maarlesuglcal“f%%ﬂfeg{able
oils, such as olive o0il or castor oil, especially in their
polyoxyethylated versions. These oil solutions or

15 suspensions may also contain a long-chain alcohol diluent
or dispersant, such as carboxymethyl cellulcse or similar
dispersing agents which are commonly used in the
formulation of pharmaceutically acceptable dosage forms
including emulsions and suspensions. Other commonly used

20 surfactants, such as Tweens, Spans and other emulsifying
agents or bioavailébility enhancers- which are commonly
used in the manufacture of pharmaceuticaily acceptable
solid, liguid, or other dosage forms may alsb be used for
the purposes of formulation. _

25 [0106] Parenteral formulations may be a single bolus
dose, an infusion or a loading bolus dose followed with a
maintenance dose. These compositions may be administered
once a day or on an "as needed" basis.

[0107] The pharmaceutical compositions of this

30 invention may be orally administered in any orally
acceptable dosage form including, capsules, tablets,
agueous suspensions or solutions. In the case o0 tablets

for oral use, carriers commonly used include lactose and



t he purposes of fornulation. 25 [0106] Parenteral fornulations may be a
single bolus dose, an infusion or a |oading bolus dose followed wth a

mai nt enance dose. These conpositions may be adm nistered once a day or on
an "as needed" basis. [0107] The pharmaceutical conpositions of this 30
inventi-on may be orally admnistered in any orally acceptable dosage form
including, capsules, tablets, aqueous suspensions or solutions_ In the
case of tablets for oral use, carriers conmonly used include | actose and -
45 corn stapeh. odubpi caf}dbqgcéaglefr&% SHEN ARnMBYNESI U, ztearate, are also
typically added. For oral adnlnlstPatlon in. a capsule orm usefu

di | uents i nEFB@eE2t9 adfosE santlyeir¢add vcaefed ar EAT a¥rn aqueous suspensi ons 5
are requiredahon: anakidsen gh@aﬁ&}ﬂevgo&ﬂgr@s%&ﬁ@tdiﬁ;ent%oqu@& wi th

enul sifying_and suspending agents. |f desired, certain sweetening,
flavoring of2EbP3T iARG SEjet SOrmaiATANso Beerndgeaous FLBBENALeRY nat i vel y, the

- pharnaceut i gk £opesSEt FoNSralluf, thisabthMant hored®htbesadm nistered in
the form of 9$£05|t ries for rectal admnistration. These can be

prepared by SRFRTHG HHED SFEHE I 119 &PEUFEEANEIAB R IGYS t aflF ng exci pi ent
which is SOHEdlE&dﬂ’@Gﬂtiiﬁﬂ@@ééﬁéﬁﬁhg, Bubvddigyi dr atoIRGH3l af&pmer ature and
therefore W%L| k}b%Sa(p the rectumto release the drug. Such materials
i nclude cocoa butt er, eesmax and pol yet hyl ene glycols. [0109] The

pharnaceutidaﬂoébnpo§ﬁt¢nn@§lmélykuubc pPheamdeoninay @imposheiadkn ni stered by
nasal agrosgl Ohis lhahaldon.y SUEN.GOMROSLIIONS aLe prcpaced according to
the ar p ica

20 techni ques wel | -known 1 n t har maceu ™ 6f nul ati on and may
be prepar eds#BPIB}ipriieAsidm rsatéa headministration. These can be

prepared by mixing the agent with a suitable non-
irritating excipient wﬁich is solid at room temperéture
‘but liquid at rectal temperature and therefore will melt
15 in the rectum to release the drug. Such materials include
cocoa butter, beeswax and polyethylene glycols.
[0108] - The pharmaceutical compositions of this
invention may also be administered by nasal aerocsol or
inhalation. Such compositions are prepared according to
20 techniques well-known in the art of pharmaceutical
formulation and may be prepared as solutions in saline,
employing benzyl alcohol or other suitable preservatives,
absorption promoters to enhance biocavailability,
fluorocarbons, and/or other conventional solubilizing or
25 dispersing agents.
[0110] The amount of Az, adenosine receptor antagonist
that méy be combined with the carrier materials to produce
a single dosage form will vary depending upon the host
treated and the particular mode of administration. The
301 compositions can be formulated so that a dosage of between
0.01 - 100 mg/kg body weight of the A,, adenosine receptor
.antagoq;st is administered to & patient receiving these

compcsitions. In some ebodiments of the invention, the



enpl oyi ng benzyl al cohol or other suitable preservatives, absorption
pronoters to enhance bioavailability, fluorocarbons, and/or other
conventional solubilizing or 25 dispersing agents. [0110] The anmpount of
Al b adenosi ne receptor antagonist that may be conbined with the carrier
materials to produce a single dosage formw | vary dependi ng upon the
host treated and the particul ar nodgs of administration. The 30
conposi-tions can be fornulated so that a dosage of between 0.01 - 100

my/ kg body g, b.Lhe 475 gaﬁigngé%ggtnggﬁ@pt (e 2RLBGONI L, Ly adm n stered

to a patient. gF,‘CEI ving t I'n sone e of the
i nventi on, tehednini@teded aafe & §1091 -dok@ Myt Kyl ded powes gbit .ovEhe conposition

ey be admnisterednas gesidoke Qm,lnnuh“rwlfs doses or over —an
est abl i shed@g}erl od of tinme_in an infusion. J] A specific dosage and

treat nent rlégithen fér Saﬁ9lf3§ FRERPE LAY tﬁaﬂ@?ﬂt Wiegimge pard appon a vari ety

of fact 9r51par“@91.|1151| @gti&et Ranhi adp&dy Adbnagdennsidig LeceptQrsant agoni st,
the patient's a body wei ght, general health, sex, and diet, and the

time of admlfitd +159c itOR, D?%ﬁJ@b&PreQ@r aEsURTine IF BEPRGHDIRRARFTHStand t he

severity oftHehpappdrki-eubge, Hdagi seage: baengriy ealLdn, Jugigneal of such
vers is.wthin.ordin Skl|| in the art. The

factors by . nmedica re
anount of acf’ﬁnggo?ﬁ t%ﬁn fgmeal o 2GBHBHY G iPhe T atr%lo\ﬂ §oafepafient to be
treated, theugoutmvioktiadmardstihat sergritthect ypee glarkarmdati on, the 15

char acggrl St &S 0fp ! ﬁoﬁ%’%}%@d gﬁg&entth Sever tibaytof the di sease, and the

desired effect. The a agoni sts”can 8et5er¥n ned by
phar macol ogissdkcaamnhreghaennciokivmdahic qudinerpl ®si Melih- khewrti.n the art.

[0112] ACCC%&@ Qﬁo&ﬁ% %QWEnE%GBHys%EQE§1 éﬂ}% déﬁ@ﬁﬁ“énoghe
individual patient to be treated, the route of
administration, the type of formulation, the

15 characteristics of the compound used, the severity of the
‘disease, and the desired effect. The amounts of
antagonists can be determined by pharmacological and
pharmacokinetic principles well-known in the art.

[0112] According to some embodiments,; the invention

20 provides a method for preventing, limiting or treating
ischemia reperfusion injury comprising the step of
administering to a patient one of the above-described
pharmaceﬁtical compositions.
~[0113] - In order that the invention described herein may

25 be more fully understood, the following examples are set
forth. It should be understood that these examples are
for illustrative purposes only and are not to be cohstrued

as limiting this invention in any manner.

30 EXAMPLES

1. Animal Model and General Procedures

[0114] The studies were performed in open-chest,

barbital-anesthetized dogs instrumented to measure heart



20 provides a nethod for preventing, limting or treating ischema
reperfusion injury conprising the step of admnistering to a patient one
of the above-described pharmaceutical conpositions. [0113] In order that
the invention described herein may 25 be nore fully understood, the
followi ng exanples are set forth. It should be understood that these
exanples are for illustrative purpos&s only and are not to be construed
as limting this invention in any nmanner. 30 EXAMPLES 1. Aninal Model and
Gener al Procedsr eslocdOpidsdhs stadiwemwera1perfAdmde- N, g0 en-chest,

bar bi t al -anersttllgti zed dog& i n?aér uge ted to neasure heart 47 rate, blood
pressure, |eff Ut FYEGRAT e hrasstr B oardadi8aFioha yseweiraP) bl ood f | ow
(radioacti veé: mechasighér esgluddr weehalieal agechaiderp \v@smpl 3eedighound a -
proxi mal portdi o fe.t ft_anterior descending coronary artery to
produce 5 isof:fhg?ne al%éfr?dg?%%% rugilegﬁ.en "% KT ERF™ B GHTE Y ek SFPRERAE S,

si ze was® detiéchtmicd ayy hestobisdoncal Atstiaieneng of pateeskpbt uendye and
tri phenyl t ety d a . ent age of ,the region at risk
or as a per clg%tggégelgpozfe ?%Z%eﬁggg%égﬁ&gﬁ?%%?n&”#oSf“ﬁr“@treat ment

Exper i ment al (PPE#toddue] 612 5309 R rihkeprldetearabnin)protioendressee Fi gure 1,
protocol 1) as khedeas yerer syl ected t.Q 69 i nutes of cokgpary artery
occlusion and 3 hours or reperfusion after 15 ich the hearts were renoved
and i nfarct o Z8 \BSiTEsseEsfn FdEte gr oups of dogs were randomly assi gned
to recedve vehicle, CPX(8-Cyclopentyl-I,3-dipropyl-3,7- '

di hydr o- purizr]e- %6-di one G 9719 (8-(2S-5, 6-fxo-epoxy-

retreatméeht Experimental Protoco

i nfarct

[0115] In the pretreatment protocol (see Figure 1,
protocol I), the dogs were subjected to 60 minutes of
coronary artery occlusion and 3 hours or reperfusion. after

15 which the hearts were removed and infarct size was
assessed. Four groups of dogs were randomly assigned to
receive vehicle, CPX.(8-Cyclopentyl—l,3—dipropyl-3,7—.
dihydro-purine-2, 6-dione), BG 9719 (8-(25-5, 6~exo-epoxy-
endo-~ norborn—2-yl)—1,3—dipropyl—3,7—dihydro—purine—2,6—

20 dione), or BG 9928 (3—[4—(2,6—dioxo—l,3—dipropyl—2,3,6,7—
tetrahydro—lH—purin—B—yl)—bicyclo[Z.2.2]oct—1~yl]—
propionic acid) beginning 10 minutes before the occlusion.

- All of the antagonists were administered at a dose of 1 

ng/kg as an i.v. bolus followed by and infusion of 10

25  ug/kg/min continued until immediately before reperfusion
(70 minutes total).
[0116] There were no significant differences between
the four groups in systemic hemodynamics (heart rate and
blood pressure), maximal left ventricular dP/dt, or

30 regional myocardial blood flow (see Tables 1, 4, and 5),
demonstrating that hemodynamic variables were not affected
by the antagonists. There were also no differences in the

portion of the left ventricle that was subjected to



endo- norborn-2-yl) -1, 3-dipropyl-3, 7-dihydro-purine-2, 6 20 dione), or
BG 9928 (3-[4-(2, 6-dioxo-1, 3-dipropyl-2,3,6, 7-

tetrahydro-1 H purin-8-yl)-bicyclo[2.2.2]oct-1-yl]- propionic acid)
~beginning 10 m nutes before the occlusion. Al of the antagonists were
adm nistered at a dose of 1 ng/kg as an i.v. bolus foll owed by and

i nfusion of 10 25 g/ kg/m n continued amt<i | i nmedi ately before reperfusion
(70 minutes total). [0116] There were no significant differences between
the four gr i1 L em yhani heart e and__blood pressure),
maxi mal | ef t9 y%rﬂ % i ?ﬁ %g%%ﬁgg,gfggr&gghggalﬁo%sk&% éorndisglzebl ood flow (see
Tabl es 1, 4Fignte SP) - dRPMATVSEr atdiRFcthat zhesrrthpsanil cayv &ikhbt es wer e not
affected b¥e£a§nﬁﬁgag9nt§g%jsihﬁﬁﬁowqui§$§9]QQ differences in the
portion of the |left ventricle that” was subjected to 48 ischem a during
coronary ocBfIETURIer PSktheedicdh wnFeicle §iiF@rEA}CHovE®ver , infarct size
expressed asig@iifi®fandlypefaartage ok the sislkd 8¢ 95 Fi-gyreq1B) or as a
percentage of the |eft ventricle (Fi%ure 10) 'was 5 significantly smaller in
the two grolips® offddgs ¥t FEAtEd°™ With PEPX° (% 14 Y e dBEEF 0P ) or BG 9928 (49%
reduction). Infanf@r etizei ze ik theumroaupost €ogs ur eatiedawbbps BG 0928 was
simlar to EQQIELn‘%h%hggqﬂ{%k group. .\Wen infg&ct size expressed as a
percent age of tHE sk Fegion e ot 86°4% vaPShst13amsmit 4t col | atera
bl ood fl ow ¢FPrrE=s®dlBp, a aperdenvegs e fr ¢hat rosishiggivasvappavenéd t hat coul d be
fitted L r [ [ fhe X-tre d and BG
9928-trggte§£g$%ﬂ6§%ﬁ?h?§§%3%&??%%%%i%1ﬁé§ %ﬁﬁ#teaguﬁ%aéﬁarﬁpconpared to
the control 1B7SiAS LeAdireanihigy vaatappsrentatisit siondd mmsishadller in these
tWO groups ainddl .gves:Heaneeyofs cobhatgr abpflood £1 Qy, The relationship

bet ween o .
9928-treated groups, this relationship was shifted

downward compared to the control group, indicating that
15 .infarct size was smaller in these two groups at any given
degree of collateral flood flow. The relationship between
infarct size and collateral blood flow was similar between
the control group and the BG 971S5-treated group. Thus,
treatment with CPX or BG 9928 (but not treatment with BG
20 89719) prior to the occlusion resulted in a significant
reduction in infarct size that was not related to changes

‘in systemic hemodynamics or regional collateral blood
flow.



infarct size and collateral blood flow was sim|ar between the control
group and the BG 9719-treated group. Thus, treatnent wwth CPX or BG 9928
(but not treatnent with BG 20 9719) prior to the occlusion resulted in a
significant reduction in infarct size that was not related to changes in
system ¢ henodynam cs or regional collateral blood flow 25 49 - Table 1.
Henodynami ¢ vari abl es from Prot ocol™ I49( Pretreatnent). 5 baseline occ30
occ60' reps hr rep2 hr rep3hr Vehicle 10 HR (beats/mn) 155 3 153 2 154
3 154 3 15Mbled. 152 5 NMBP (mmHg) 1075 1055 1025 1045 1106 1096 LVdP/ dt
(mHg/ sec) 1663 89 1650 121 1813 119 1650 76 1538 87 1513 75 CPX 15
HR 1502 1534eMa¥pmissaaniesftomfsqtoep! | Frstregfmantb47 988 975 1026 1056 LVAP/ dt
1650 1066 1481 146 1631 92 1506 /77 1538 74 1538 135 BG 9719 20 HR
1552 1614 1594 1575 1688"%°1614°0BP PB¥6 1095M1035¢C2F63 1984 1125 LVAP/ dt
1838 141 1931 125 1819 L 205 1706 10Z I78T 125 1725 113 BG 9928 25 HR
1522 15Q2 1@?&3@,@@4 151%315445315/@ 846,925,955 873,975 9 24 LVvdP/ dt 1518
154 1631 14 6:5146305:62 14B35h 14i: 4631064 tsheart rate; MBP,
nean arterl‘é’f’P’db‘F‘B'?fﬁe”pl’aé%*%r S0 R Py 8T * T RraxX PRRT Iéﬁ"?“‘?/enff’ﬁ“’l*&ﬁl ar dP/dt. 30
3. Precl%ndl ¢8Xoni ng Exper| ment aI Prot ocol

150+ 5 1535 1515
MBP 90&4 9417 98:8 g7 %5 1026 105:6
LVdP/dt 1650+ 106 1481 :146 1631+ 92 1506 £ 77 1538+£74 1538 + 135
BG 9719 '
20 HR 155 + 2 161 4 159 + 4 157 &5 160+ 4 1614
MBP ] 104 £ 6 1095 103 £5 1063 1144 1125
LVdP/dt 1838 + 141 1931+ 125 1818+ 205 1706102 1781+ 125 1725 + 113
BG 9928 ' .
25 HR : 152 %2 150+ 2 151+ 4 183 £ 4 153 £ 4 154 + 4
- MBP 87%6 - 92+5 95+ 5 8713 975 99+ 4
LVdP/dt 1518+ 154 1631 %115 1650+ 1368 1463+62 1463 x 141 1463 £ 84
HR, heart rate; MBP, mean arterial blood pressure; LVdP/dt, maximal left ventricular dP/dt.
30
3. Preconditioning Experimental Protocol
[0117] In the preconditioning prétocol (see Figure 2,

protocol II) all of the dogs were subﬂected to 60 minutes
of coronary artery occlusion followed by three hours of
35 reperiusion. Preconditioning was elicited by four 5-
minute occlusion/5-minute reperfusion cycles produced 10
- minutes before the 60-minute occiusion. Four groups of
dogs were randomly assigned to receive vehicle, CPX, BG
9718, or BG 9928 beginning 10 minutes before the first
40 preconditioning occlusion. The antagonists were
administered at a dose of 1 mg/kg i.v. bolus followed by
an infusion of 10 pg/kg/min that was continued until
release of the prolonged occlusion (115 minutes total).
[0118] Similar to the pretreatment group, there were no
45 significant differences in systemic hemodynamics, regional
- myocardial blood flow, or risk region sizes between the
four groups in the preconditioning protocol (see Tables 2,

4, and 5, Figure 2AY. Preconditioning wikh four 5 minute-



[0117] In the preconditioning protocol (see Figure 2, protocol 11) all of
the dogs were subjected to 60 mnutes of coronary artery occl usion
foll owed by three hours of 35 reperfusion. Preconditioning was elicited by
four 5- m nute-occlusion/5-mnute reperfusion cycles produced 10 m nutes
before the 60-m nute occlusion. Four groups of dogs were randomy assigned
to receive vehicle, CPX, BG 9719,-010 BG 9928 begi nning 10 m nutes before
the first 40 preconditioning occlusion. The antagonists were admnistered
at a dose QfcclusMie-hiNutdlepsriedicanedcbys wurdraf ¢sd wp-aind€: g/ kg/ mn
t hat was c—ontgnu_ed until release of the, ﬁrol onged occlusion (115 m nutes
total). [CEESFSSEMPrAF Y thB2pFet FESLRent™ grodpiaffere dere no 45
si gni fi cant(~db&f erRreesn) ncepatredi o herotynasiasondiegbmgal  myocardi al
bl ood flow,_ or rjsk region sjzes between the our oups.in the
precondi t i GRIRGCHrBtEEf: I%Zéé: SBred FFioyre azn% 3d g?bmi“‘ﬁA)
Precondbt i crviemggauv irdfafrotir sbeaw raker&Bedoettvst ary 5- pernedreagepet f usi on
cycl es bef . Q- _nu RQeeLusion.peoduced a ' reduction in
infarct si gcreh% %?gg%“pglaﬁc%?otn% %Errl%a{%gldggbg% eﬂlnoﬁggég(g%nsd? ioned control
group fromdagst broitet @EFguthe 2Bearprin2Cyecdbieo’s apregagestinfaret sizes
(expressed gidbhelq RS i2aRel ¢ e-298r Hondallal LSkefLLaD or the |eft
ventricle) 1n the groups o dogs treated wth the adenosine receptor
ant agoni st PIREPBILEIBEASPHRTTIIc ARPTY Xl PEF TEHPAred t B-ighelnon- :
precondpti ofRd160MHA] +BEOPR: R WebR SicBhE 861 Urotbl ghtdkelOpsmal l er than
the preconditjoned control group (Figure 2B and 2C). Preconditioning
shifted t héT%ePat i ofdncp BEtEens Finy ERE Zee kAfd cesMiRtErHPeDI ood f1 ow
downwar d coifrared sif the B86l-dieeadnslidddonedy Casunwaldgesmareli gure 2D) ..
This relationship was shifted, downward, fucther i the,groups, of
relationship was shifted downward further in the groups of
15 dogs treated with CPX or BG9928, but not by BG9719. These
© results demonstrated that treatment with CPX, BG9719, or
BGS9928 did not block the protective effects of ischemic
preconditioning elicited by multiple occlusion/reperfusion
cycles.. The results also suggested that treatment with
20 CPX or BG 9928 (but not BG 5719) added to the protective

- effect of ischemic preconditioning.



ogs treated with CPX or BG9928, but not by B&719. These results
égrrgngtrat ed that treatment with CPX B®&719, or BG928 did not block the
protective-effects of ischemic preconditioning elicited by nultiple
occlusion/reperfusion cycles.. The results also suggested that treatment
with 20 CPX or BG 9928 (but not BG 9719) added to the protective .effect of
i schem ¢ preconditioning. - 51 - Tabl®s; 2. Henodynam c vari abl es from
Protocol Il (Preconditioning). 5 Baseline occ30" occ60' replhr rep2 hr
rep3hr Vehirgdiez, 10 HR (beats/min) 155 4 153:t 4 152.t 4 144 3 144 3 146
2 MBP(mHg) 1036 101 t6 1046 1076 1084 1065 LVvdP/dt (mrHg/ sec) 1606 196
1625 t 142 1'8Befypanio xaripblgsifromyArotegel@ (PregentiR®aing)50 CPX 15 HR 1511 1503 1483
1505 1514 1574 WVBP 876 884~ 968915 10065—1666—+\VdPldt—1369 t 140 1294
130 1388 113 1181 82P%#Ps6 @GU13E860° 105 refdE 9712p20 HR 4563 1?% ig%? t
1557 1566 1566 WNBP 1057 1035 1035976996 101t5—t\VdPRldt+—1693
111 173f 13@‘};;1,5,9 16%5é257 ks 1479 155“386 9928 25 HR 1491 14912 1501
1491 1481 148%mm 8623843 Bt 58053845 86435 L V4L fit 13[3p£2 50 1400 74
1375 72 11067 SOHEIDE06% 169512720 R, hiewets 1 ave;7sVBPzsnEan arterial
bl ood P essare; maxi mal LvdP/dt, left ventricular dP/dt. 30 4. Reperfusion
Exper.i nent aﬂEFProt ocol Eﬂfle] 1f8°rj43t h%‘:;séperfgggson pqgg)fg)col 1(gsae Fi gure 3,

0+ 6

LVdP/dt "1369+140 1294 + 130 1388+ 113 1181182 1256 + 89 1313+ 105
BG 9719

20 HR 156 & 3 152+ 4 152z 5 1557 156t 6 156 £ 6
MBP 1057 1035 1035 976 996 1015
LVdP/rd: 1693+ 121 1671+ 111 17362 130 1500+ 164 1457 + 153 1479 + 155
BG 9928 .

25 HR 149 % 1 149+£2 --150%1 1491 1 14811 . 148+ 1
MBP 862 84+3 8413 8015 875 863
LVdP/dt 1300 z 50 1400£74 137572 1100 + 50 1125+ 64 1175472

HR, heart rate; MBP, mean arterial blood pressure; maximal LVdP/dt, left ventricular dP/dt.

30

4. Reperfusion Experimental Protocol

[0119] " In the reperfusion protocol (see Figure 3,
protocol III), the dogs were subjected to 60 minutes of
coronary artery occlusion followed by three hours of

35 reperfusion. ‘Four groups of dogs were randomly assigned
to receive vehicle, CPX, BG 9719, or BG 9928 beginning 10
minutes before the release of the'occlusion. The
antagonists were administered at a dose of.l mg/kg i.v.
bolus followed by an infusion of 10 ng/kg/min for one

40 hour.
[0120] = There were no significant differences in

~ hemodynamic variables, regional myocardial blood flow, or

risk region sizes between the four groups of dogs in this
experimental protocol (see'Tables 3-5 and Figure 3a).

45 Infarct size expressed as a percentage of the risk region
was reduced significantly by administration of CPX or BG
9228 during the early phase of reperfusion (Figure 3B) .

However, administration of BG 8718 had no protective



protocol 111), the dogs were subjected to 60 m nutes of coronary artery
occlusion followed by three hours of 35 reperfusion. Four groups of dogs:
were randonly assigned to receive vehicle, CPX BG 9719, or BG 9928
begi nning 10 mnmnutes before the release of the occlusion. The antagonists
were adm nistered at a dose of 1 ng/kg i.v. Dbolus followed by an infusion
of 10 g/kg/mn for one 40 hour. [012@]2 Fhere were no significant
di fferences in henodynam ¢ vari abl es, regional myocardi al bl ood flow, or
ri sk regiong b f- S s experinental
pr ot ocol (se%fe'zl'gcz egﬂ%qgqu%g kﬁ%r QE%Q%S&I g?c l% z%g expressed as a.
per cent age E?lkwrﬁﬂ-shqucégwéﬁw Vv?efs Shééﬁ%@di%wngﬁrﬁllcartﬁlbytw admi ni stration
of CPX or o 8-dysd NG b aJil S k r ( e 3B)
Covever -, . S oyt Do B P15 ek nS pror cetreaugste ke. e
rel ati onshi Pobeite€ROMMT ERERrsi ¥€ -andhechrdutapal iblisdarct | viwenas shifted
downwar ¢ |npi:<5‘tﬁ1de\&0bygl‘ﬁ34lﬂﬁd0§6 dogs theehed oMt GPXas05nB[ S928 conpar ed
to the control ou (Fl ure 30) . The reduction in infarct size 5 produced
by CPX and BG e t i § protcol TRABSSISE) ComPaRREnFPude (42% and 44%
respecti vel yﬁotrxmmame‘dletro thBy otreoladhinbeteddhey e e cadetpésiered-prior to
i schem a and a SI Jcant reduction in infarct size was not observed -
when the dafac st xpre SOE TR F 158 &Enf%léaet gf S3%° %€ BRtire left ventricle
(Fi gur e 3D)¢bpertedpsheuehieoditre wasmakprassdieesoé pavdsakagstamdi ed. These
dat a demonstyat h G not \BG 9719) reduced infarct
si ze Vﬁe'@g ag%énﬁq%tléc%egéfa gplgﬁl%e %? éﬁgébﬂ% tisPo ePralrs” & tq’fs

small number of anlmals studied. These data aemonstrated

that CPX -and BG 9928 (but not BG 8719) reduced infarct

size when administered at the time of reperfusion.

Table 3.
15
Hemodynamic variables from Protocol lli (Reperfusion).
20 baseline . occ30' occ60' repthr rep2hr rep3hr
‘ Vehicle .
HR (beats/min) 1553 153+ 2 154+ 3 154 3 1522 1525
MBP (mmHg) 107 £5 105%5 10215 104+5 1106 1096
25 LVdP/dt (nmHg/sec) 1663 +89 1650 & 121 1813119  1650+76 1538 +87 151375
CPX ' o '
HR . 1502 149+ 1 151+1  152%3 15114 156 4
- MBP 1024 9917 105 £ 6 108+5 1124 114+ 4
30 LVdP/dt 1556 £85 15311159 1688105 1688+ 97 1650 57 1631272
BG 9719 ' ) '
HR 150+ 3 154 3 15314 154 £5 1556 15124
MBP 1025 9547 1015 1013 103+3 975
35 LVdP/dt 1519125 1400 £ 149 1560 £ 165 15004102 1425+ 85 1350 £ 90
BG 9928
HR . 151 £ 1 151+3 1502 1472 148+ 2 150 + 3
MBP 906 905 964 8815 92+5 954
40 LVdP/dt 1504 £106 1638 + 132 1744 £69 1406t 49 1463 £ 74 1463 £ 79

HR, heart rate; MBP, mean arterial bicod pressure; maximal LVdP/dt, left ventricular dP/dt.

45



Henodynani ¢ variables from Protocol 111 (Reperfusion). 20 baseline occ30'
occ60' replhr rep2hr rep3hr Vehicle HR (beats/mn) 155t 3 153 2 154 3
154 3 152t 2 152 5 WMBP (nmHg) 1075 1055 1025 1045 1106 1096 25 LVdP/ dt
(mmtHg/ sec) 1663 89 1650 121 1813 119 1650 76 1538 t 87 1513 75 CPX HR
1502 1491 151 1 1523 151 t4 1564 MBP 1024 997 1056 1085 1124. 1144 30
LvdP/ dt 1556 85 1531 t 159 1688 10531688 97 1650 57 1631t 72 BG®719
HR 1503 1543 1534 1545 1556 1514 MBP 1025 957 1015 1013 1033 975 35

LvdP/ dt 1519,t,125 1400 149 1569 t 165 1500: E 102 1425:t 85 1350 90 BG
9928 HR 151 1 1513 1502 1472 1482 1503 MBP 906 905 964 885 925 954 40
LVdP/ dt 15%9l09&9§|y&§%&| blagd’zfloltl?d%@a(mﬁr%mﬂgﬂ'@ﬁorﬁ PAJ%C&&@% an&zill 191%%0:179 HR, heart
rate; P, isabemic sagtoe(regidn fairioedl HyrtieSeticie imnBxbioairy bveH3 dt , | eft ventricul ar
dP/ dt. 45 53—TFabte—4—TRegroral—mrocardi-al—bleed—+H-ow-data—( / n n/ gm
fromProtocols 1, l1kwotea@nd |11 in_theotsen- ischem c reagiem (regi on perfused
by the left circugflex coran ary alLery). rt;gahProt oc%_# Prot ocol 11 Protocol

[11. océ&B80 r\@loi&hrg;?ogch rocez ms o%?%r eo3 ’58310 V(eg55*3‘g§depl q639 8 gg 00585
t 0.05 0.66% 0.0 9 0 06 0
0.62 0. 07%@@57 070:09 0.085:009. 0De0: GO 020511 endaios ot @sﬁffo 69 0.09

0.61 @510 '®*59 *B*% 0.%F6:%%. 09’66*"6’9 (9.6%)"99°°trar?§2’€?.°’72 0§15 0. 61 0. 05
0.63 0.07 ®X62 Q.05 0.72 0.07 0 .61 0.05 :

0.60 £ 0.08 0.0 0.97 £ 0.20 0.85+0.12 0.69 £0.05 0.96 £0.12
mld 0.66 £ 0.08 064:!:007 078:!:0 12 0.76£0.12 0.67 £ 0.07 0.94 £0.12
endo 0.54 +0.04 0.61 +0.06 0.73£0.22 0.81%0.15 0.71£0.07 1.0210.12
20 transmural 0.60 * 0.06 0.64 £ 0.06 0.83+0.20 0.81£0.13 0.69 £ 0.06 0.97 £0.11
B 9719
. epi 0.70%0.08 0.64 +0.09 -0.91%0.22 0.83+0.13 0.60 £ 0.08 0.46 £0.03
mid 0.77 £ 0.06 0.64 £0.07 0.9220.14 - 0.87+0.11 0.66 £ 0.06 0.50 +0.02
25 endo 0.77 £ 0.08 0.67 £ 0.08 0.86 £ 0.16 0.88 £ 0.20 0.63 £ 0.06 0.59 £ 0.06
transmural 0.75 £ 0.07 0.65+0.08 0.80 £ 0.13 0.86£0.12 0.63 £0.05 0.52 £0.03
BG 9928 :
epi 0.87 £0.08 0.73+0.07 0.4810.14 0.45 £ 0.06 0.83 +0.07 0.84 £0.10
30 mid 0.80 £ 0.07 0.71 £ 0.07 049:0.14 0.47 £0.12 0.87 +£0.06 0.89 £ 0.08
endo 0.80 £ 0.11 0.79 £ 0.06 0.51%0.12 0.56 £ 0.14 0.85 +£0.06 0.88 +0.08
transmural 0.82 +0.06 0.74 £ 0.06 0.49£0.13 0.50£0.13 0.85+0.05 0.87 £0.08
epi, epicardium; mid, midmyocardium; endo, endocardium; trans, transmural
35
Table 5.
Regional myocardial biood flow data (ml/min/gm) from Protocols I, Il, and Ill in the
ischemic- reperfused region (region perfused by the left anterior descending coronary
40 artery).
Protocol | ] Protocol Il . Protocol i
45 © o oce30 rep3hr oce30 rep3hr oce30 rep3hr
Vehicle )
epi 0.08 £ 0.01 047 +0.10 ©0.10 £ 0.04 048+0.12 0.0820.01 0.47+0.10
mid 0.06 +0.01 0.50 +0.08 0.06 £ 0.02 0.35+0.04 0.06+0.01 0.50+0.08
endo 0.05 £ 0.01 1.01£0.16 0.07 £ 0.02 1.06+£0.13 0.05%£0.01 1.01+0.16
50 trans 0.06 £ 0.01 0.66 £0.10 0.08 + 0.02 0.63+0.04 0.06+0.01 0.6610.10
CPX
epl 0.15+0.04 0.48 +0.06 0.07 £ 0.03 062+012 0.10%0.01 0.50+0.04
mid 0.08 £0.02 0.49 £0.04 0.05 £ 0.01 0.54+011 0.071001 0.40+0.04
55 endo 0.05£0.01 0.90 +0.16 0.04 + 0.01 0.68+0.12 0.04+£0.01 0.93+0.15
transmural 0.09 £0.02 0.62 £0.06 0.06 £.0.02 0.61+0.10 0.070.01 0.61+0.05
- B9719 :
epi 0.11£0.03 0.44 £0.10 0.14  0.04 063012 0.10£0.03 0.3110.04
60 mid 0.06 £ 0.02 0.31£0.04 0.08 £ 0.02 0.43+0.04 007003 0.33+0.05
endo 0.05 £ 0.01 0.77 £0.19 0.06 + 0.01 064010 0.04%0.01 0.72+0.13
transmural 0.09 £ 0.02 0.51 £0.10 0.09  0.02 0.56+0.10 0.09+0.03 0.45+0.06
BG 9928
65 epi 0.14 £ 0.05 -0.48 £ 0.11 0.12 £ 0.04 045+0.13 0.10+£0.02 066+0.12
mid 0.09 £ 0.03 0.39 £0.05 0.06 = 0.01 0.31+0.10 0.08+0.02 0.67+0.15
.endo 0,05 £0.01 0.73+0.12 0.03 + 0.01 0.72+£0.30 0.05:0.01 1.20%0.45
- transmural 0/09 %003 054 + 0106 0:07 + 0:01 0.49x0.14 D.0B=D.02 D.8B440.12

70 €epi, epicardium; mid, midmyocardium; endo, endocardium; trans, transmural



15 CPX epi 0.60 0.08 0.66 0.07 0.97 0.20 0.85 0.12 0.69 0.05 0.960.12
md 0.66 0.08 0.64 0.07 0.78 0.12 0.76 0.12 0.67 0.07 0.94 0.12 endo
0.54 0.04 0.61 0.06 0.73 0.22 0.81 0.15 0.71 0.07 1.02 0.12 20
transnural 0.60 0.06 0.64 0.06 0.83 0.20 0.81 0.13 0.69 0.06 0.97

.11 B 9719 epi 0.70 0.08 0.64 0.09 0.91 0.22 0.83 0.13 0.60 0.08 .
.46 0.03 md 0.77 0.06 0.64 0.0840-92 0.14 0.87 0.11 0.66 0.06 0.50
.02 25 endo 0.77 0.08 0.67 0.08 0.86 0.16 0.88 0.20 0.63 0.06 0.59
.06 transmyppl 0. 75 0.07 0.65 0.08 0.90 0.13 0.86 0.12 0.63 0.05 0.52
.03 BG 9928 epi. 0.87 0.08 0.73 0.07 0.48 0.14 0.45 0.06 0.83 0.07
.84 0. 10 Diggpciaiicd cOnBénts & .abBtAgdhist for réddodfindht ddhinen, 14}, Gudld; adéhodize 0. 87 0. 06

. 89 0.508 regqpiRss rtegnned hy pdigigpndgndinganalgsis2 0. 560. 14 0. 850. 06 0. 880. 08
transnural €6—82—6-666—74—06-—0666—49—6—313—6-56—0-3136-85—H6-05 0. 87

0.08 epi, emhgoded um nid, mdnygcardi um endg, endocardiunlatrans,
transnural 35 Table 5. Regi onal nyocardial bl oo‘da flow data (mM/mn/gm from
Protocols I.—11 _and 11l in the jischenic-reperfused region (region
perfusé& by e left anterior d& gquing cor onar 40 arter%/%6 Prot ocol |
Protocol it Protocol Ili 45 00030 i'e03h occ?:"(?zFé%)Sh.0003(3'g 0%A  Vehicle
epi 0.08 0863710.470.10 0.10 (BsQ440.48 O0.1250.08 0.01 Qo4 r548. 10 md
0.06 0.01 0.50 0.08 0.06 0.02 0.35 0.04 0.06 0.01 0.50 0.08 endo
0.05 G-01 BO8® 0.16 0.07 0. k46 0.134800512%0. 01 137610+ 90306 50 trans
0.06 0.01 £—F86 0—Q 02003004006 Q1 Q0. 660 10 CPX ep
0.150. 04 0. &kt Py 8 AR ) AnDIE oot restiiidy 0. 80. 02 0. 49
0. 04 0.2%5 0.01 0.540.11 0.07 0.01 0.40 0.04

5. Membrane Preparation

COO0OOO0OO0OO0O

[0121]  HEK 293 (Human Embroynic Kidney) membranes
‘expressing human Az, adenosine receptors were purchased
from Receptor Biology; HEK 293 cell membranes expressing
human A;, receptors were purchased from PerkinElmer

25 (Boston, MA); CHO-Kl cell membranes exXpressing human A;
receptors and HEK 293 cell membranes expressing human A
receptors were made from the corresponding stably

transfected cells established in house.

30 6. Radioligand Binding.Assays

[0122] Membranes (40-70 pug membrane protein),
radioligands,.and varying concentrations of competing
ligands were incubated in triplicate in 0.1 ml buffer HE
plus 2 units/mL adenosine deaminase for 2.5 hours at 21°C.

35 The radioligands used for competitive binding assays were:
[*Hj~8-cyclopentyl-1, 3-dipropyxanthine ([3H]-DPCPX) (NEN,
Boston, MA) for A; and A adenosine receptors, [°H]-4-(2-
[7-amino-2-(furyl) (1,2,4)triazole(2,3-a) (1,3,5)triazin-5-
ylaminoethyly)phenol ([°H] ZM241385) for A,, adenosine

40 receptors (Tocris, Bristol, UK), and [**°Iodine]-labeled

- N6-_(4-aminobenzyl)-9-(5- (methylcarbonyl)~B-D-



55 endo 0.05 - 0.01 0.90 0.16 0.04 0.01 0.68 0.12 0.04 0.01 0.93 0.15

transnmural 0.09 0.02 0.62 0.06 0.06 .0.02 0.61 0.10 0.07 0.01 0.61

0.05 B 9719 epi 0.11 0.03 0.44 0.10 0.124 0.04 0.63 0.12 0.10 0.03

0.31 0.04 60 md 0.06 0.02 0.31 0.04 0.08 0.02 .0.43 0.00.07 0.03

0.33 0.05 endo 0.050.01 0.770.19 0.060.01 0.640.10 0.040.01 0.720.13

transnural 0.09 0.02 0.51 0.10 0.095:0.02 0.56 0.10 0.09 0.03 0.45

0.06 BG 9928 6S epi 0.14 0.05 0.48 0.11 0 12 0.04 0'45 0.13 0.10 0.02

0.66 0.12 0. 3 0,39 0,05 0.06 0.01 0,31 10 0.08 0.02 0.67

0.15 .endo® %‘%@faﬁ"@&lb aflepdng 1o, 6307 BT E R 2 00. B oRohso 01 1.200.9.5

t ransnur al ﬁhé}azlﬁsep%p@ﬁ@no@in% (Q)7-r10] BoAR;0addhd2i188 D. 02 0.84 0.12

70 epi, epicardiu ny r e docardl um trans,

t ransmur al gﬁ“eoti:abl g}’%trh SSOCIQaaI% g%ﬁs{@ﬁts g?niﬁﬁ%gbﬁl st for

r econbi nantbﬂﬁMHwVJAs,méEZ@Jreanﬂn &%magea@ém&e off €6 o g-det erm ned by

radi ol i ‘%b)h di ng anal ysi s. rrgound A, AZa A3 10 CPX 18.1 4.4 162

22 1,960 42 oich aéienﬂsb“ez A 2BEPM &56 78194 0Na25°18G 9928 28. 9

4.1 4,307 daR30:3%, 64 29, Q30efiorkdl Hes14 NM kaSEMnd axmi3y Obtained from

conpetltlon bi ndi ng eriments with nenbranes fromtransfected HEK 293

cel |'s usi ngcZHTSX, ( #ZM@EH%%“&H‘E P -a¥Ai heEer ded ol i gand for A,

As,, and A3rseqepters, Bixaﬁp@cagy@cyweze &rMEar@%%@%&@{wn [0121] HEK

293 (Human Enbr n|c KU%P(¥ nes ressin uman_ A2b adenosi ne

receptors were F&Wﬁge @3 Sfor %ﬁ ‘%g?l“%Ekﬁﬁ@§D%%lT{Henbranes

expr essitng ntmnﬁatq&laGaEﬁﬁnmmnnganﬂ purshasiad ekt omRerkho&h mer 25 (Boston,

MA); CHO K1l gell rangs £xp ssin receptors and HEK 293 cel |

My oo exp’f‘% Ss{lﬁlg?hu DES APLESINGLNURY Y ¢ LEGRAL OL] 214 |
and 5 mM magnesium chlorlde (MgClz) at 4°C, and were

counted in a Wallac B-counter (Perkin Elmer, Boston, MAa).

Table 7: K; Values (nM) or Percent (%) Inhibition at 10
15 UM Antagonist in Radioligand Competitive
Binding Assays
K; (nM) ox Percent (%) Inhibition at 10 UM Antagonist in -
Radioligand Competitive Binding Assays
Species -
Adenosine Receptor
Ay Aza Aoy, Aj
BG9928 ] 12.2 4059 88.53 + 21.03% 30%°
DPCPX 5.3 156° 56 262
BG9719 1C0.3 9152 853 + 2702 4C.6%
ND: Not done
a: "N=3 ]
b Percent inhibition at 10 pM BG9928.
20 c: See J. Linden, Annu. Rev. Pharmacol. Toxicol., 41, pp. 775-787 (2001).
[0123] The K; values for BG9928, DPCPX and BG9717 were

12.2 nM, 5.3 nM and 10.3 nM, respectively, in competitive
binding assays with recombinant human 2, adenosine

25 receptors and [’H]-DPCPX as the radioligand (see Table 7,
Figure 4). The K: values for BG9828, DPCPX and BG9717 were
4059 nM, 156 nM and 9152 nM, respectively, in competitive
binding .assays with recombinant human ho: adenosine

receptors and [®H]-2ZM241385 as the radioligand (see Table



receptors were made fromthe corresponding stably transfected cells
established in house. 30 6. Radioligand Binding. Assays [0122] Menbranes
(40-70 p.g nmenbrane protein), radioligands, and varying concentrations of
conpeting ligands were incubated in triplicate in 0.1 m buffer HE plus 2
uni ts/ nL adenosi ne deam nase for 2.5 hours at 21C. 35 The radioligands used
for conpetitive binding assays were:..[3H -8-cyclopentyl-1,

3- di propyxant hine ( [3H - DPCPX) (NERI? Boston, MA) for Al and A2b

adenosi ne receptors, [3 -4-(2-

[ 7- ami no- 2-1f dEgPyE B2, 4 Pe ikzBr 2 fgra)i(i&9%8r5)DtPFPéz@rm REOTLT

yi am noet hy engl ([3 i%F/E( 1385) e $0 eptors
(Tocris. Eﬁjra%)st%g 525 21 b& gS?gdlsnée?{Ml Qhel e 58 4 (é\]rmgzobenzyl) - 9-
(5- (et hylmpbgnw?ly(3nDcom®51rPb@fqprrah@syﬂtrad@rtnoméu(xar[tlzm] - AB- MECA)
or [3H - RNfwaPRENYkLSARMAPYLAdR0Qs Qﬁd(ﬁﬁﬁ"lz»?zﬂs‘é)a Lor A3 adenosi ne
receptors (both from NEN, Boston, MA) Nonspecific binding was neasured in
t he presencedrligayi &eR Ea@tehyp Ea¥box &m-doadenosi ne (NECA, from

RBI - Si gma, Natoagk, OY-pb@ht AindRdg AZDs4RCOREONSar frmd@ #M xant hi ne ami no
congener (XAC, fromRBI-Sigma, Natick, MA) for Ala receptors. Binding
assays wer edat@rminat ek I9FEect tafalPor! REASZ BWaat then bAFADNglafss fiber filters
using a BRANDEL gl lrd0 tfzsaweos&b%aﬁ%&m sptg&no@emecep%&ers wer e
rinsed three tines wth 3- i ce-col mM Tris-HC1, pH 7.4 and 5 nM
magnesi um CrERTAGES ( I\/gT@l'E) 09? FlPentathWé?ge aséﬁnﬁ'tlédl FRCaYglanaC R count er
(Per ki n oEl Bast - h I n rce (%

I nhi bi Fi onnigl% 10%i5%l\1}|0%/§%ag%%r]§t€o?sn' g.-aodl\dg %%9%2 Iyﬁl_‘s‘(ﬂetél%tel \S}e% Bi ndi ng
Assays K, (hMlh}rthér@%rit HI- R AL ARY dririddmgat Faaumel Aht agom st in

7. Radioligand Binding Assay

[0125] Membranes (50 1g membrane protein),

15 radioligands, and varying concentrations of competing
ligands were incubated in triplicate in 0.1 mL buffer HE
plus 2 units/mL adenosine deaminase for 2 hours at 21°C.
The radioligand used for competitive binding assays for
human A,p adenosine receptors was PH]—S—cyclopentyl—l, 3-

20 dipropyxanthine ([°H]-DPCPX, 30-40 nM) (NEN, Boston, MA).
Nonspecific binding was measured in the presence of 10 uM
5’N—ethylcarboxamidoadenosine {NECA; from RBI-Sigma,
Natick, MA). Binding assays were terminated by filtration
over Whatman GF/C-glass fiber filters using a BRANDEL cell

25 harvester (Gaithersburg, MD). The filters were rinsed
three times with 3 to 4 mL ice—cold 10 mM Tfis—HCl, pH 7.4
and 5 mM magnesium chloride (MgCl,;) at 4°C and were counted
in a Wallac P-counter (Perkin Elmer, Boston, MA).

[0126] ~Competitive binding data were fit to a single

30 site binding model and plottéd using Prizm GraphPad. The

Cheng-Pruscff equation K; = ICsp/ (1+[I]/Kp) was used to

calculate K; values from ICso values, where K; is the



Radi ol i gand Conpetitive Binding Assays Speci es Adenosi ne Receptor Al A2a
A2b A3 B@E928 12.2 4059 88.53 21.03a 30% DPCPX 5.3 156 56 262 B®&719 i
10. 3 9152 B53 - 270a 40.6% ND: Not done a: N=3 b: Percent inhibition at 10
i1 B&@928. 20 c: See J. Linden, Annu. Rev. Pharmacol. Toxicol., 41, pp.
775-787 (2001). [0123] The KT val ues for B&X928, DPCPX and B&717 were
12.2 nM 5.3 nMand 10.3 nM respectigrely, in conpetitive binding assays
wi th reconbi nant human Al adenosi ne 25 receptors and [ 3H] - DPCPX as the

radi ol i gand s u The - vaI ue or B(928, DPCPX and
B&O717 were ﬂ%@gtya%ﬁi‘%%“ 09 %ﬁ% peﬁ/f‘n? lﬁ@é’tl vifL %ﬁhﬁorrpetl tive

bi ndi ng asséyécwttrﬁLF@@mﬁoltrh&nttrwmlOAlaMOanMeKD rz@cepéors and

[ 3H] - ZM2413 igan 7 W.e . The KT val ue
for B@928, g%ﬁﬁ%ﬂ;ﬁ&%@é’%# émgkéé 88%§§§?!é%d03%§ﬁf‘gl\é% rﬁé WM and 853 270
nM (N=3),  P84pect iThel ¥z virAuepmRietserevel tiamdonrgdsi o thesonbi nant  human A2b
adenosi e recepiialcy and f234H:wdM4138p asgt he 5 radioligand (see Table 7,
Figure 6). [0124] One-point binding assays were perfornmed to determ ne the
effect of 10 uM B&P928 on the binding of [1211]-AB-MECA to reconbi nant
human A3 adenosi ne receptor nenbranes. In a one-point binding assay with
reconbi nant 10 human A3 adenosi ne receptors, 10 uM B@928 resulted in 30%
i nhibition of [3H -2ZM41385 binding (Figure 7). 7. Radioligand Binding
Assay _



[0125] Menbranes (50 ug menbrane protein),

concentrations of conpeting

buf f er

nM (NEN, Boston,

10 uM 5' N

et hyl

Bi ndi ng asSaYS=Wer

fiber filters usth

MA) .

| i gands were

HE plus 2 units/nL adenosi ne deam nase for 2 hours at 21C.
radi ol i gand used for conpetitive binding assays for
- receptors was [3H]-8-cycl opentyl

15 radi ol i gands, and varying
incubated in triplicate in 0.1 nL
The
human A2B adenosi ne

-1, 3 20 di propyxant hi ne ([3H] -DPCPX, 30-40

Nonspeci fie ggnding was neasured in the presence of

car boxam doadenosi ne (NECA

§<;g§gkﬁ%ﬁgl %fd%% ar

vester

fromRBI-Sigma, Natick, M.
Lon _..over, What man G-/ C gl ass
9? I Cher sburg, MD). The

filters were

cSmﬁodnh'l?oSﬂuctul-e"' ee—tiHes 'VRESJII >t ﬁl(ril\h}- i ce-cold 10 mM Tris-HCL, pH
7.4 and 5 nwlnagn |un1ch|o de (MyC12) at 4C and were counted in a
Wal | ac p-caunter ( in Elmer, Boston, MPp) [0126] Conpetitive binding data
were fit to a singléin 0 site binding nodel and plotted using Prizm
G aphPad. The Cheng-ﬁ%%ifff -equation K3|= .1Cp/ (I+ [I] /KD) was used to
cal cul ate KT val ues fromL€b0 val ues, whefe K3 ig the - 57 affinity"
constant far _the tonpeting™ ixganasinealslieERdsy |t he 14gboncentration of the free
radioligand, and KD is the affinity constant for the radioligand (Cheng
and Prusoffl 1973)._The KI val ues of sevenal conpounds of this 5 invention
are providgd in Tabl&y 68 TABLE 8: KIi (nM |n Radioligand Conpetitive
Bi ndi ng Asgays Canpéund No. |Structure Asgsay Kt [nM o~~x (x N1 p
ADENCSI NE A2B (HEK293 14.6 2 ADENOSI NE A2B (HEKR93) 15.2

2 ADENOSINE A2B (HEK293) 15.2

ADENOSINE A2B (HEK293) 27

ADENOSINE A2B (HEK293) 38

ADENOSINE A2B (HEK293) 45.1

ADENOSINE A2B (HEK293) 47

ADENOSINE A2B (HEK293) 51.4

JADENOSINE A2B (HEK293) §5.2




3 ADENOCSI NE A2B (HEK293) 27 4 ADENCSI NE A2B (HEK293) 39 5 ADENOCSI NE A2B
HEK293) 45.1 H 6 ADENOSI NE A2B (HEK293) 47 o0,c 7 ADENCSI NE A2B HEK293
51.4 6 ADENGCSI NE A2B (HEK293) 55.2 59 Compound No. Structure Assay Ki (nM
CH ONO HNL y~N CFl 9 ADENCSI NE A2B (HEK293) 76.9 10 ADENCSI NE A2B
(HEK293) 85.6 11 ADENGCSI NE A26 (HEK293) 93 11 12 ADENCSI NE A2B HEK293 100
wr 13 ADENCSI NE A2B HEK293 117 00 -149%BENCSI NE A28 (HEK293) 125 J mr 15
6r ADENCSI NE A2B (HEK293) 127 nmal _ ADENCSI NE A2B. (HEK293:) 131 60
Conpound conb Gt ASSay Wit/ ADER A2B (HEK293) 159.62 18

{ '
ADENCSI NE AZB (HEKRZ93) 168.8.| . Fl our escence Tmagi hg Pl ate Reader (FLIPR)
Functional | Nt

o]

HNTN N
N _Lc”a
oR
9 ADENOSINE A28 (HEK233) 76.9
g, i - S p—<° "
‘10 ADENOSINE A2B (HEK293) 85.6
I o
e
11 ADENOSINE A28 (HEK293) 93
BY
<
P
Ry O
2
12 .= ADENOQOSINE A2B (HEK283) 100
év .
l’:V\N )
)“H:
13 : ADENOSINE A2B (HEK293) 117
", I
J\‘/\?@_"\—\
cop
14 ADENOSINE A2B (HEK293) 125
~.=m
. ; .
15 - |ADENOSINE A28 (HEK293) 127
we o, A u
641,

18] {ADENOSINE A2B (HEK253) 131




Assays 5 [0127]. Fl ourescence imaging plate reader (FLIPR) assays for. the
determ nation of calciumwere perfornmed with HEK 293 cells which exhibit
st abl e expression of human and rat A2b adenosi ne receptors and CHO K1l
cells that exhibit stable expression of reconbi nant human Al adenosi ne 10
receptors. Cells were seeded into 96-well tissue culture plates with black
wal l's and clear bottons, and culturegogto an 80-90% confl uent nonol ayer.
Wt hout renoving the, nedia, an equal volune of dye (from cal ci um assay
kit purchased from Mol ecul ar Devi ces) was added. Cell plates 15 were
incubated for 1 hour at 37C and were then transferred to the FLIPR unit
(Mol ecul ar upddiggructyren 1231 Loy asSly of pekiébilnant human Al adenosi ne
receptors, |CHO Kl {cells were|incubat ed wi th incrleasing doses of agonise
(N6- cycl opent yl adenast\) to 20 detefm ne the concentrati on of agoni st
t hat producled 50% ofy xt mum r esponse. | Thi s cioncentration of agoni st
(200 nM'QPA) was| then incubated with ingreasi ng concentrations.. (3,0-12
'Mto 10 M| of antlagonist, 3G I2% op 5Qbe RS SAY, reconbi nant human and
rat A2b adeposine récept ors, |[HER-293 61 ¢elfs re incubated with

i ncreasi ng doses of ni st |(5 N ethyl canboxamdoadenosi ne, NECA) to
determ ne the cong¢ %{ of agonst that produced 50% of a maxi num
response. This concertratiorn of agonist (% gM NECA for 5 human Al b
receptors) pr varyj ng concentirations (for |rat Allb receptors) were then

i ncubated w th i nsreasing _comeentsadHsms |of amsagoni st, BG928 (10-12 Mto
S x 10-6 M for human Alb recptors and 10, 1100, or 300 nMfor rat A2b
receptors). 10 [0129] The FLIPR integrates an argon | aser excitation

8. Flourescence Imaging Plate Reader (FLIPR) Functional
Assays
5 [0127] Flourescence imaging plate reader (FLIPR) assays

for the determination of calcium were performed with HEK
293 cells which exhibit stable expression of human and rat
A, adenosine receptors and CHO-K1 cells that exhibit
stable expression of recombinant human A; adenosine
10 receptecrs. Cells were seeded into 96-well tissue culture
plates with black walls and clear bottoms, and cultured to
-an 80-90% coﬁfluent monolayer. Without removing the,
media, an equal volume of dye (from calcium assay kit
purchased from Molecular Devices) was added. . Cell plates
15 were ‘incubated for 1 hour at 37°C and were then transferredl
to the FLIPR unit (Molecular Devices).
[0128] For assay of recombinant human A; adenosine
receptors, CHO-Kl1 cells were incubated with increasing
doses of agonist (Né-cyclopentyladenosine, CPA) to
20 determine the concentration of agonist that produced 50%
of a maximum response. This concentration of agonist (200
nM"CPA)'was then incubated withvincrOASing cdncentra;ioné
{1 1072 M to 107 M) of antagonist, BG9928. For assay of

recomblnan‘ human and rat A, adnnos1ne receptors, HEK-283



~source, a 96-well pipettor, and a detection system utilizing a CCD
(Charged Coupl ed Device) imaging canera. Fluorescence em ssions fromthe
96 wells were nonitored sinultaneously at excitation and em ssion

wavel ength of 15 488 and 520 nm respectively. Fluorescence data were
collected at 1-sec intervals before and after simultaneous rapid addition
of conpounds to the 96-well plate. Rgsults were read as relative _
fluorescence units (RFU) [0130] FLIPR functional assays were perforned with
20 B@928 using reconbi nant. hunman Al adenosi ne receptors, = which were -
stably expriédsed'sss EROMRETSeMEEE FHECARLAYATTRS GFs88THati on constant (KB)
for B3928 @nd-831tArpvRanitict=ndéianrd Qrdh) MM deesprchd wely on reconbi nant

~hurman Al adenosj ne .receptor usi nul | nmet hodol oqy (see Table 9 25 and
Fi gure 8). GOTSIITREPPROT (T on AT addSFachRr D hert or R With  BG9928 Usi ng

reconbi nant. ypRee Al bhadeaasddne rhecaplodr Sgon Wi Cty Wer Best abky expressed in
HEK293 cel | s. The antagoni st KB for B®@928, B&@719 and DPCPX was 3.36 nM
182  30° nM A" 250 G- AP LPES pett iNPEN VDY dTPCERERBE HAHt  (FGReff A% adenosi ne
receptors usidag:swd) weekhogal dagyubsesl Tabheifcrandnki gure 9) . 62 (0132]

FLI PR functional assays re performe i 928 usLng .reconbi nant rat
A2b adenosic'rPé’cFBE%aﬁ'tlé’?Y@g@mh?%t%goﬁé?%’ G§48|5€ éﬁgeésga %n’glllngZ 3 cells. The
ant agoni st & nfwean BEOI2Bpwass 2508 AM ukiaty pul Booetthddel ogy 2and t he pA2 5
was 6. 59 usr:ég# §chsi)l d analysis (see Table 9 and Figure 10). Table 9:

“enig

Summary of Val ues for Antagonists in FLIPR Functional Assays
(HumanlRecep?i@P] Sulfihgp&EIPR integrates an argon laser excitation

source, a 96-well pipettor, and a detection system
utilizing a CCD (Charged Coupled Device) imaging-camefa.-
Fluorescence emissions from the 96 wells were monitored
simﬁltaneously at excitation and emission wavelength of
15 488 'and 520 nm, respectively. Fluorescence data were
collected at l-sec intervals before and after simultaneous
rapid addition of compounds to the 96-well plate. Results
were read as relative fluorescence units (RFU).
[0130] FLIPR functional assays were performed with
20 BG9928-using recombinant human A; adenosine . receptors,
which were stebly expressed in CHO-K1 cells. The
antagonist dissociation constant (Kz) for BG92928 ahd BG9719
was 0.60 nM and 0.46 nM, respectively on recombinant human
A, adenosine receptor using null methodology (see Table 9
25  and Figure 8).
[0131] FLIPR functional assays were performed with
BG9928 using recombinant human A;, adenosine receptors,
which were stably expressed in HEK293 cells. The
antagonist Kg for BG9928,.BG9719 and DPCPX was 3.36 nM, 182
30 nM and 23.6 nb, respectively, on recombinant human By
~adenosine receptors using null methodoiogy (see Table 9

and Figune 9).



KB (nM for Antagonists in FLIPR Functional , Species Assays Adenosi ne
Receptor p+1 A2a A2b A3 B@E928 0.60 | ND 3.36 ND B®719 0.46 ND 182 ND
DPCPX ND ND 23.6 ND 10 ND: Not done 9. Data analysis [0133] Data are
presented as nmean standard error of the nean (SEM or standard deviation
(SD). Saturation 15 .. :. data were analyzed using Marquardt's non-Ilinear
| east squares nethods and pl otted-uSZng Prizm G aphPad. Conpetitive

bi nding data were fit to a single site binding nodel and plotted using
Prizm G aphfjada) The rghengriiasionbl £oumld @ rkl peridila (it 1] /KD) was used
to calculate K : 20 values from|C50 values, where Kl is the affinity
constant fRFOERe AP EEFATPINIGGANEET B FLLRITE NEORBETRTPEET O the free
radi ol i gandyerangt &R J exbhesedd i1 HEKZONHeants.f ornd hertagagigl ikgand (Cheng

and Prusoff_197 0134 n_FLI PR functional .assays, agoni st 25

concent r at i OH- Pgé%?oéé”@sc%ﬁte@fvﬁr;@gfri‘ edSgoge ?%%ia&di g“é’ Gation by use
of the mon-ddsnéabd rnegimesscbilraoglasis N(sddr iTabil & apméadigwrt agoni st

di ssoci at i ofy,constants (KB) was estimated using the null. nethod devel oped
by Lazareno drnd - 63 Roberts (1987). A Schild anal ysis was performed to
estimte thg,atency 0§46 CAFPRUNGS) 5. AN AGARI RIS ddRAds iA2 IS the

negative log of the copgesi FMhkeloh ARLAYON(Binant Rate Sy d produce a
2-fold shift in the coggertdeahi on 5 response curve, where response was

defi ned as 50% of _th nexi um response
Kg (nM) for Antagonists in FLIPR Functional
Species | Assays
Adenosine-Receptor
A, Aoa Aoy A3
BG9928 0.60 ND 3.36 ND
BG971¢ - 0.46 ND 182 ND
. -. | DPCPX. ND ND . 23.6 : ND ]
10 ND: Not done
9. Data analysis
[0133] Data are presented as mean * standard error of
the mean (SEM) or standard deviation (SD). Saturation

15 . . data were analyzed using Marquardt’s non-linear least
-squares methods and plotted using Prizm GraphPad.
Competitive binding data were fit to a single site binding
model and plotted using Prizm GraphPad. The Cheng-Prusoff
equation Ky = ICsp/(1+[I]/Kp) was used to calculate K:

20 values from ICsp values, where Kr is the affinity constant
for the competing ligand, [I] is the concentration of the
- free radioligand, and Kp is the affinity constant for the
radicligand (Cheng and Prusoff 1973);

[0134] In FLIPR iunctionél assays, agonist

25 concentration-response curves were fitted to 2. logistic
equation by use of the non-linear regressionvprogram in
.Prizm Grapﬁ?ad. :fagonist dissociation constants {(Kg} was

estimated using the null method developed by Lazareno and



- 64 - CLAMS We claim 1. A nethod of preventing, linmiting, or treating
ischem a reperfusion injury in a mammal, conprising: 5 identifying a mammal
t hat has undergone an ischemc event, or in which an ischem c event is
immnent; and administering a therapeutically effective or

prophyl actically effective anount of an A2b adenosi ne receptor antagoni st
to the mammal wthin ten days before g3lQ or after the ischem c event;
wherein the Al b adenosi ne receptor antagonist is a .conpound of-fornula
(1) X1 R R NIl ==-RS (I I, X2 1 X3 15 or a pharmaceutically
accept abl e 5%‘?“@ ‘R28% de%\%ﬁg{’é]d%\l,ana\ﬁéfé?’%ivgs EFERCTIERIC R2, and R3,

i ndependent bytimsce theapotyraiyogen;he2@ompods aal kytagdZd sGsakgmenyl , or C _6
al kynyl ; wher ei.n ai d al kyl, . al ken or_al kynyl is _either unsubstituted
or substi tgg\%&switf‘ﬁ %en%at6¥'en%? O?u%é?i FUEn n§¥§%T%nct°5da? %?ﬁm“tssﬁe gr oup
consi sting bvhahydrgxy prafikexy, 2afidinb shidhoimal 4l cantergradiahkyl am no,

cycl oal kyl, r@éé’%qseziutl%?lrv&%%%' ¥%:?pc§'1rs%l k%k:dé‘ﬁ%%ﬁggé(%d@ alkyle acylam no,

, al kyl am . nocerbo_nyl, ,al k-ylsulfonyl, arnino,
maximum response.



al kyl am nosul fonyl; - 65 <c¢) substituted or unsubstituted aryl; or d)
substituted or unsubstituted heterocyclyl; R4 is a single bond, -0-, -
(CH2) 1.3-, -O(CH2) 1_2-, -CH20CH2-, - (CH2) 1_20-, -CH=CHCH2-, -CH=CH,
or -CH2CH=CH; 5 R is: (a) phenyl, or (b) a bicyclic or tricyclic group
selected fromthe group consisting of: O 0 and 10 wherein the phenyl,
bicyclic, or tricyclic group is eith& - unsubstituted or substituted with
one or nore Ra groups, which is selected fromthe group consisting of: (a)
Cl_6 alkyl, C2_6 alkenyl, or C2_6 al kynyl; wherein said alkyl, alkenyl, or
al kynyl group is each 15 either unsubstituted or substituted with one or
more substituents selected fromtheldgMiip consisting of anino,
nonoal kyl am no, dial kyl ami no, substituted or unsubstituted

het er ocycl yl ani nocaBofi¥A1™20 (ani no) (Rb) acyl hydrazi nyl car bonyl -,

(am no) (Rb)acyl oxycarboxy-, (hydroxy) (carboal koxy) al kyl car banoyl

acyl oxy, al dehydo, lalXkewryhsdldomykaenhong,alkokyingaldkoxyearivonyl ,

al kyl am noal iyl ANl Npe: 29, Al oyt Aal ROALKN AMAGe-aLid phosphono, - 66
al kyl sul fonyl'am no, car banoyl , -5 - al koxy-, - al kyl am no-, cyano,
Cyan0a|&y|Carbah@gﬂ;ifying a mammal that has undergone an ischemic

event, or in which an ischemic event is imminent; and

administering a therapeutically effective or
prophylactically effective amount of an Ay, adenosine
receptor antagonist to the mammal within ten days before
10 or after the ischemic event;

wherein the BAj, adenosine receptor antagonist is a

.compound of .formula (I)

N
)\ l />—‘R4—R5 ®
X N .

15

or a pharmaceutically acceptable salt or N-oxide thereof,
wherein:
each of R;, Rz, and Rs, independently, is:
a) hydrogen;
20 b) Ci-s alkyl, Cs-s alkenyl, or Cp,¢ alkynyl; wherein

said alkyl, alkenyl, or alkynyl is either unsubstituted or
substituted with one or more substituents selected from
the group consisting of hydroxy, alkoxy, amino,
monoalkylamino, dialkylaﬁino, cycloalkyl, aryl,

25 heterocyclyl, aralkyl, heterocyclylalkyl, acylamino,
alkylamimmcarbonyl,.alkylsulfonyiaﬁino, and

alkylaminosulfonyl;



cycl oal kyl am no, di al kyl phosphono, hal oal kyl sul f onyl am no,

het erocycl yl al kyl am no, 5 heterocyclyl carbanoyl, hydroxy,

hydr oxyal kyl sul f onyl am no, oxi m no, phosphono, substituted or
unsubstituted aral kyl am no, substituted or unsubstituted

aryl car boxyal koxycar bonyl, substituted or 10 unsubstituted

het er oaryl sul f onyl am no, - substi tutedgs or unsubstituted heterocyclyl,

t hi ocar banoyl, and trifluoronethyl and (b) (al koxycarbonyl)
aralkylcarbannyl al deh al kenoxy...al kenyl sul f anyl am no, al koxy, 15
al koxycar bonyl | aliuqméiéﬁgéd S otxlfcar o%yslam ho, a
1koxycarbony|alkylsuhsmotutedlqﬂ gubﬁwﬂgﬂumwbnohﬂtﬁrdqwbéMlfonyIoxy, am no,
am noal kyl ay al ky. noal feyl carba _
anlnoalkyI%%t%%é%%%ﬁy?gqiiFga?gann ﬁﬁ HRlO MR MR sem, -cHOCH-,
an1nocycloaiKWbakKybcy@Hﬂ%Kk&+caﬂ%%ﬁﬁyl or afitn@tsfél-oal kyl car banoyl ,
aralkoxgca&pogg]anlno arylheterocyclyl, aryl oxy, aryl sul fonyl am no,
aryl sul fonyl'oxy, carbanmoyl, carbonyl, Rb-, Rb- al koxy-, Rb-alkylthio-,
Rb- al kyl (al®yPhramihoor Rb 25 al kyl (al kyl ) car banoyl -, Rb-al kyl am no-, Rb-
al kyl car banpyl =, bfw@y@lllleyb;suulcawnc FouAlsky bsudd anyphamhdgroRe- al kyl thi o,

Rb- heterocyclylcarbojy am noal kyl am nocar bonyl, di al kyl am noal kyl am no,
alkylanlnodFKVPéhiﬁb"SO cyano, cycl oal kyl ami no,

di al kyl am noal kyi car bamoyl,  hal gen het er ocycl yl al kyl am no, hydr oxy,
oxi m no, phosphate, substltute unsubstltuted ar al kyl am no,

substituted or unsubstrtuted 67 ?

10 wherein the phenyl, bicyclic, or tricyclic group is either
unsubstituted of substituted with one or more R, groups,
which is selected from the group consisting of:

(a) Ci-¢ alkyl, Ci.g alkenyl,'or Cz-¢ alkynyl; wherein
said élkyl, alkenyl, or alkynyl group is each

15 either unsubstituted or substituted with one or

more substituents selected from the group
consisting of amino, monoalkylamino, dialkylamino,
substituted or unsubstituted
heterocyclylaminocarbonyl,

20 {amino) (Ry)acylhydrazinylcarbonyl-,

(amino) (Rp)acyloxycarboxy-,

(hydroxy) (carboalkoxy) alkylcarbamoyl, acylbxy,
21dehydo, alkenyléulfohylamino, alkoxy,
alkoxycarbonyl, alkylaminoalleapino,_

25 dialkylaminoalkylamino; alkylphosphono,



het er ocycl yl, substituted or unsubstituted heterocyclyl sulfonylam no,

sul foxyacyl am no, and thiocarbanoyl; Rb is selected from-the group
consisting of -COCH, 5 -C (CF3) 20H, - CONHNHSO2CF3r - CONHORr, - CONHSO2Rc,
- CONHSO2NHRc, -C (OH) RcPO3H2, - NHCOCF3, - NHCONHSO2Rc, -NHPO3H2, - NHSO2R ,
- NHSO2NHCORc, - OPO3H2, -OS8H, -PO(OH)R,; -PO3H2, -S03H, -SO02NHR :,

- SO3NHCORC, - SO3NHCONHCO2Rr, and these f-ollowing: 10 HON HN N N ~N F1-4 N
, ~/ R " NHN N\CF3 HO\~Sx1 HHnnnr SH R 0 M _ N ~NN\\N -
\NOHN--0 HN &lkyl¢Nfqnylagino, Rcapbpuoyls $et ediedl¥axym t Re gr oup

consi sting of hydraqg?@amlrg_ 4. @r{&ylcyangglﬂylegalgggme and phenyl, wherein
the -C2_4 al kyl | - H _and 1L\)henyl groups are either

unsubstituted 15 &tﬂ’céaﬁjs]ﬂiltaﬂlﬂéﬂ' \/ﬁltaljrké’llré PP FPee substituents sel ected -
fromthe group consishipg f thalRGBAG, - BberddVR1viNHAL 2NORo, unsubsti tut ed

benzyl’Sand benzyl %g?§£§é|¢aggrggég}l %ydroxy,
hydroxyalkylsulfonylamino, oximino, phosphono,
substituted or unsubstituted aralkylamino,
substituted or unsubstituted
arylcarboxyalkoxycarbonyl, substituted or

10 . unsubstituted heteroarylsulfonylamino, substituted
or unsubstituted heterocyclyl, thiocarpamoyl, and
trifluoromethyl; and

(b) (alkoxydarbonyl)aralkylcarbamo&l, aldehydo,
alkenoxy, alkenylsulfonylamino, alkoxy,

15 alkoxycarbonyl, alkylcarbamoyl,
alkoxycarbonylamino,’alkoxycarbonylalkylamino,
alkylsulfonylamino, alkylsulfonyloxy, amino,
aminoalkylaralkylcarbamoyl, aminoalkylcarbamoyl,
aminoalkylheterocyclylalkylcarbamoyl,

20 aminocycloalkylalkylcycloalkylcarbamoyl,
aminocycloalkylcarbamoyl, aralkokycarbonylamino,
arylheterocyclyl, aryloxy, arylsulfonylamino,
arylsulfonyloxy, carbamoyl, carbonyl, Rp—, Rp-
alkoxy-, Rp—alkylthio-, Rp-alkyl(alkyl)amino-, Rp-

- 25 alkyl(alkyl)carbamoyl—,'Rb—alkylamino—, Rp-
alkylcarbamoyl-, Ry~alkylsulfonyl-, Rp~
alkylsulfonylamino, Rp—alkylthio, Rp~
heterocyclylcarbonyl, aminoalkylaminocarbonyl,
dialkylaminoalkylamino, alkylaminoelkylamino,

- 30 cyano, cycloalkylamino, dialkylaminoalkylcarbamoyl,
halogen, hetﬁrocyclylalkylamlno, hydroxy, oximino,

. phosphate,-subs ituted or unsubstituted

aralkylamino, substituted or unsubstituted -



to three substituents selected fromthe group consisting of hal ogen, -OCH,
-Ove, -NH2, and -NO2; 20 X1 and X2 are independently selected fromthe
group consisting of 0 and S; and X3 is N or CRd wherein Rd is sel ected
fromthe group consisting of: a) hydrogen; 68 b) ClL 6 alkyl, C2_6

al kenyl, or C2_6 al kynyl; wherein said alkyl, alkenyl, or alkynyl is

ei ther unsubstituted or substituted®ii th one or nore substituents sel ected
from the group consisting of hydroxy, al koxy, am no, 5 nonoal kyl am no,

di al kyl am no, cycMg@gka@ycg@nylsubggﬁua&@aygiyhmuaéaiﬁuﬂed het erocycl yl al kyl ,

acyl am nc, alkylanlnocar 0 Kyl sul fon m no

al kyl ani nosul f ony|Pet 8§°§ﬁ§§%¥Pﬁf TﬁmHEHSUﬁéfﬁfﬁ?S%l%ﬁﬁﬂo’ 8R4 10 d)
substituted or unsﬂﬁa&afnamaylheterocyclyI 2. The nethod of claim1,
wherein R1 The_net hod _of erein R is C_6

al kyl . 15 fﬁeségﬁéiﬁ nEFQFn?i°“%W13’ S h tﬁﬁ?ls hy8§%gen 5. The net hod
of claiml1, @hH%E%miFHCQNHWHSSKﬁQLe COROHtRe, GCONHéOﬁEthod of claim1, wherein

RS is phenylgo@é@s@g ut ed Ju Eh?d:eﬁ 2Qufocihne. ﬁﬁé o, CLakBy Jﬁ wherein RS

is a substi ¢y C|IC t 11 eyclic group ecte fromth ~group
consi sti ng ofHS®EB., REHNQNHCORC, —OPost, -0SO0sH, -PO OH)Rc, -POsH,

-S0O3H, =-SO0;NHR., =-SO3NHCOR., —-SO3NHCONHCO;R., and the

following:
10
HO\ '
/iiﬁ
R/._—Fpt \>——CF3 |
= J\
| HO I,J" }‘{l.\<
N .
N7\ —N
\ N7\ : o]
N \ . . OH
| N/ [ /N g( \ l
HN H N L/s/ E—K I
J§§ 7vm O\
AN | e :
R. is selected from the group consisting of nydrogen, -Ci-
alkyl, ~Ci-4 alkyl-COH, and phenyl, wherein the -C..4 alkyl,
-Cjy-4 alkyl-COzH, and phenyl groups are either unsubstituted
15 .or substituted with one to three substituents selected

from the group consisting of halogen, =-OH, —OMe, -NH,, -
NO., unsubstituted benzyl, and beniyllsubstituted with one
to three substituents selected from the group consisting
of halogen, -OH, -OMe, -NH,, and -NO;;

20 X, and X, are indépendently selected from the group
consisting of O and 3; and
X3 is N or CRq wherein R4 is selected from the group
.consisting of:

a) hydrogen;



Ra 0 Ra 0O RaRa and 8 The nethod of claim1l1, wherein RS is or wherein
said RS is either unsubstituted or substituted wwth 5 one or nore Ra
groups selected fromthe group consisting of: (a) C1L_ 6 alkyl, C2_6

al kenyl, or C2_6 al kynyl; wherein said al kyl, alkenyl, or al kynyl group is
each either unsubstituted or substituted with one or 10 more substituents
selected fromthe group consisting ed -am no, nonoal kyl am no, di al kyl am no,
substituted or unsubsti tuted heterocyclylam nocarbonyl, (am no) (Rb)

acyl hydr azi nyl c 5 Rb XY, oXxy)
(car boal koxy) al yI ca¥%l%ﬂ C(z g%( e %?deﬁwy?ﬁ%gg w}f (#onyl am no,
al koxy, aIS@Gﬂyééﬂd@n?ﬂkew%yloarrﬁhmIlam?:n@er dllnéllky‘fl‘-ﬂdmtﬁéaanyl am no,

al kyl phosphopQc; €0l kyLsubiOonH ABLOQuERE BN s efRer edBRKOXY-, Rb-
al kyl am no-, cyano, cyanoal kyl carbanoyl, -70- cycl oal kyl am no, di al

kyl phosphorfdie SRaFRSORYE & EHFD M BHAFRYY hel kpeity Amjral kyl ani no,

het er ocycl WERubaIMV: nohy &l HX¥s1 anbislr cayxeabgy}kﬁﬁul fa@Ryl am no, oxi m no,

phosphono, 5 substituted or L!]_nSUbStI tuted_aral kyl am no, substituted or
unSUbStItLHQﬁ}erocyC yl, araikyl, heterocyclylalkyl, acylaminc,

alkylaminocarbonyl, alkylsulfonylamino, and
alkylaminosulfonyl;
¢) substituted or unsubstituted aryl; and

10 d) substituted or unsubstituted heterocyclyl.

2. The method of claim 1, wherein R; is Ci-g

alkyl.
3. The method cf claim 1, wherein R, is C:_g
alkyl.
15 4. The method of claim 1, wherein Rs; is hydrégen.
5. The method of claim 1, wherein R; is a single
bond.
6. The method of claim 1, wherein Rs is phenyl
substituted with R,.
20 7. The method of claim 1, wherein Rs is a

substituted bicyclic orttricyclic group selected from the

group consisting of:



aryl car boxyal koxycar bonyl , substituted or unsubstituted

het er oaryl sul fonyl am no, substituted or unsubstituted heterocyclyl,

t hi ocarbanoyl, and 10 trifluoronethyl; and (b) (al koxycarbonyl)aral

kyl car bamoyl , al dehydc, al kenoxy, al kenyl sul fonyl am no, al koxy,

al koxycar bonyl , al kyl carbanmoyl, al koxycarbonyl am no, a :
lkoxycar bonyl al kyl am no, 15 alkylstnﬁﬁaﬁylanino, al kyl sul f onyl oxy, am no,
am noal kyl ar al kyl car banmoyl , am noal kyl car banoyl ,

am noal kyl het er ocycl yl al kyl car bahoyl ,

, am nocycl oal kyl car banoyl
aralkoxycar bonyl am nof\ 20 jaryl het epocyclyl, aryl gxy, arylsul fonyl am no,

aryl sul f onyl oxy, car , carbaqn Rb-, Rb y-, Rb-al kylthio-,
Rb- al kyl (al kyl) amao=~_\Rb- al yl)carb Rb- al kyl am nc-, Rb-

al kyl car banovl -, Rb-8rkylsul’f onyl -, 25 al kylsulfkgnylkam no, Rb-al kylt hi o,
Rb- heterocyclyl carbonyl, am noal kyl agi nocar bonyl, di al

kyl am noalkyl am no, kylaninoalkx am no, cyano,%cycl oal kyl am no, di al

kyl am i noal kyl car ba Ra hal oge rRet er ocycly kyl am no, hydroxy,

oxi mno, 30 phosp substityte uggubsyTiutred aral kyl am no,

substituted or unsubstituted hetjgerocyclyl, stMtuted or unsubstitut:ed
71 - heterocyclyl sul fonvl am no, sul foxyacyl am nb, and thiocarbanoyl. 9.
The method of claim1l, wherein Ra is selected fromthe group consisting
of: 5 (a) CL_6 al kylg,. 162 Geahkeryd cloim @2, Gralrkynyks iwherein

ks

or

e
wherein said Rs is either unsubstituted or substituted with
. 5 one or mére R, groups selected froﬁ the group consisting
of:

(a) Ci-¢ alkyl, Cp-g alkenyl, or Cz-¢ alkynyl; wherein
said alkyl, alkenyl, or alkynyl group is each
either unsubstituted or substituted with one or

10 more substituents selected from the group
consisting of amino, monoalkylamino, dialkylamino,
substituted or unsubstituted
heterocyclylaminocarbonyl;

(amino) (Rp) acylhydrazinylcarbonyl-,

15 (amino) (Ry) acyloxycarboxy-,

(hydroxy) (carboalkoxy)alkylcarbamoyl, acyloxy,
aldehydo, alkenylsulfonylamino, alkoxy,
alkoxycarbonyl, alkylaminoalkylamino,
dialkylaminoalkylamino, alkylphosphono,

20 alkylsulfonylamino, carbamoyl, Rp-, Rp—alkoxy-, Rp—

"alkylamino-, cyano, cyanoalkylcarbamoyl,



said al kyl, al kenyl, or al kynyl group is each either unsubstituted or
substituted with one or nore substituents selected fromthe group
consi sting of am no, nonoal kvl am no, dial kyl am no, 10 substituted or
unsubstituted heterocyclylam nocarbonyl,

(am no) (Rb) acyl hydr azi riyl carbonvl -, (am no) (Rb) acyl oxycarboxy-,
(hydr oxy) (car boal koxy) al kyl car banoy+ ,7@cyl oxy, 15 al dehydo,

al kenyl sul f onvl am no, al koxy, al koxycarbonyl, al kyl am noal kyl am no,

di al kyl am noal kyl agj, ar%P5¥$gngsngpgylpﬂys%xgﬁyjfonylanino, car banoyl ,
Rb-, Rb-al koxy-, Rb-_al kylam no-, cyanp, cyanoal kyl carbanoyl, 20
cycl oal kyl ami no, dhal3aAkphespirmeamimal dueyostt f Braikarpmoio;

het erocycl yl al Kyl apgkf@s0cyel es0eMmbyl Carhamyl .  hydroxy,

hydr oxyal kyl sul fonvl am no, . oxi mi no, phosphond, substituted aral kyl am no,
substituted 25 aryPESTHORYEY kT CRYBFRYIC, SHHELRE utRd@sPhono,

het er oaryl sul f onyl aab#,tusebséd tunkadsheterecyebykylanilbpcar bamoyl , and

trifluoromethyl; and (b) (alkoxycarbonyl) aralkylcarbanmoyl, al dehydo,
al kenoxy, aIkenyIsﬁP?%ﬁVﬁ%ﬁ?ﬁﬁfu&FEg§§¥téﬁﬂblkoxycarbonyl, al kyl car banoy!",

al koxycar bonyl am neryatdmoygariacyybabéyypmsuestiakded syl f onyl ami no,

al kyl sul fonvl oxy, T T - .ani noal kyl ar al kyl car banpyl
aninoalkyIcarbanDyFsQ&é5%1ﬁ85?£§1tgfg?ﬁ y%ﬁ%ﬁquﬁ§T%éﬁ”b§ yyituted

am nocycl oal kyl al kgk cyrdubsk kihtesar baneybcyclam, notyotadkhyy tardranoyl |
aralkoxﬁyarbonylant??fluoromethyl; and
(b) (alkoxycarbonyl)aralkylcarbémoyl, aldehydo,
alkenoxy, alkenylsulfonylamino, alkoxy,v
alkoxycarbonyl, alkylcarbamoyl,
alkoxycarbonylamino, alkoxycarbonylalkylamino,

15 ) alkyl;ulfonylamino, alkylsulfonyloxy, amino,
aminoalkylaralkylcarbamoyl, aminoal kylcarbémoyl ,
aminoalkylheterocyclylalkylcarbamoyl,
aminocycloalkylalkylcycléalkylcarbamoyl,
aminocycloalkylcarbamoyl, aralkoxycarbonylamino, -

20 arylheterocyclyl, aryloxy, arylsulfonylamino,
arylsulfonyloxy, carbamoyl, carbonyl, Rpy-, Rp-
alkoxy-, Rp-alkylthio-, Rp-alkyl(alkyl)amino-, Rp-
alkyl(alkyl)carbamoyl—-, Rp-alkylamino-, Ry-
alkylcarbamoyl-, Rpy-alkylsulfonyl-, Ry-

25 ' alkylsulfonylamino, Rp-alkylthio, Ry-
heterocyclylcarbonyl, aminoalkylaminocarbényl,
dialkylaminoalkylamino, alkylaminoalkylaminc,
cyano, cycloalkylamino, dialkylaminoalkylcarbamovl,
halogen, heterocyclylalkylamino, hydroxy, oximino,

30 rhosphate, substituted or unsubstituted
aralkylamino, substituted or unsubstituted

heterocyclyl, substituted or unsubstituted



5 aryl heterocyclyl, aryloxy, arylsulfonylanino, -arylsulfonyl oxy,

carbanmoyl, carbonyl, Rb-, Rb- al koxy-, Rb-alkyl (alkyl) amno-, Rb-

al kyl (al kyl ) car banmoyl -, Rb-al kyl am no-, Rb- al kyl car banoyl -,

Rb- al kyl sul fonyl -, Rb 10 al kyl sul fonyl am no, Rb-al kylthio, Rb-

het er ocycl yl carbonvl, cyano, cycl oal kyl am no, di al kyl am noal kyl car banovl ,
hal ogen, heterocyclyl al kyl am no, kydtoxy, oxi m no, phosphate, substituted
aral kyl am no, substituted 1 erocyclyl, substituted

het er ocycl yl sul fo?ﬂﬂtﬁﬁ?‘ﬁ%c glﬁ‘l“ﬁo?(’ﬁ/- T8 et %ﬁ‘&acé’ﬁf"@c‘%ﬂ béﬁ%yl . 10. The
met hod of claim 1l thabesebamdya.is selected fromthe group consisting of: 20
(a) C1_6 alkyl or C2_6 al kenyl, each of which is unsubstituted or
substituted with oneg o&.hgqﬁeethoguggéﬁ fgptls S0l ected fromtbe g oup

consi sting of am no, nonoal kyl am no, [ kyl ami no, " substituted or

unsubst i tuté@brhéiﬂlér%w ;ﬂoaﬁiﬁelrtgalo%nyl Rb-, Rb 25 al koxy-, and

substituted or unsubst]tuted, Hefengexelylsr an gm 1; ei
al koxycar bonyl alu(kjl am !Flo 7 andtf)E . nd hgd%/ooxy ? 'Ylpve m‘g{lerod nof claiml,.

wherein X is 0. 9id ?h%yhet%nb% c,qaua%xnngefpépnlxzeq%l 0 30 13 The

met - hod . of cl ai M SeythewhehiBEX3utsd Nr E3bsddurEhewrethad of claim 1,
wherein each of RL and R2 js C2 4 a is hydrogen; Rs is a single

bond;: each of Xl HF i?bf‘sliﬁlenﬁﬁds%%/%e%fr‘i TR ETRER hod of clai m 14,
wherein. RS is 5 @henigkisghst iskihed il RAlanino, dialkylamino,

10 substituted or unsubstituted
heterocYclylaminocarbonyl,
(amino) (Rp) acylhydrazinylcarbonyl-,
(amino) (Rp) acyloxycarboxy-,

(hydroxy) (carboalkoxy)alkylcarbamoyl, acyloxy,

I.—-I
(81

aldéhydo, alkenylsulfonylamino, alkoxy,

alkoxycarbonyl, alkylaminoalkylamino,

dialkylaminoalkylamino, alkylphosphono,
alkylsulfonylamino, carbamoyl, Rp—, Rp-alkoxy-, Rp-
alkylamino-, cyan¢, cyanoalkylcarbamoyl,

20 cycloalkylamino, dialkylphosphono,
haloalkylsulfonylamino, heterocyclylalkylamino,
‘heterocyclylcarbamoyl, hydroxy,
hydroxyalkylsulfonylamino, oximinc, phosphono,
substituted aralkylamino, substituted

25 arylcarboxyalkoxycarbonyl, substituted
heteroarylsulfonylamino, substituted heterocyclyl,
thiocarbamoyl, and trifluoromethyl; and |

(b) (alkoxycarbonyl)aralkylcarbamoyl, aldehydo,
alkenoxy, alkenylsulfonylamino, alkoxy,

30 alkoxycarbonyl, alkylcarbamoyl,

alkoxycarbonylamino, alkoxycarbonylalkylaminc,

alkylsulfonylamino, alkylsulfonyloxy, aming,



16. The nmethod of claim 15, wherein Ra is selected fromthe group
consisting of: (a) C _6 alkyl or C2_6 al kenyl, each of which is
unsubstituted or substituted with one or nore 10 substituents selected from
t he group consisting of am no, nonoal kyl am no, dial kyl am no, substituted
or unsubstituted heterocyclyl am nocarbonyl, substituted or unsubstituted
heterocyclyl, Rb-, and Rb-al koxy-;- aad-15 (b) al koxycarbonyl al kyl am no,

Rb- al koxy-, cyano, substituted or unsubstituted heterocyclyl, and

hydroxy. 17. The qgﬁgggl9§l%§§¥%ggééﬁb§My%ﬁeinggBAf%ygﬁgggémo %8' The method

of claim 14, wherein RS IS rein said I's el Unsubstituted or
substituted with HECSEkyeEeRACy?bilFs kydFethawyfl,om t he group consi sting

of (a) C1_6 al kyl,anG2.8yal kanyha1Rh1&ZE18-akkyoylsaierein 25 said al kyl,

‘al kenyl, or alkynyl group is éach " ei'ther unsubstitudted or substituted with
one or nore subst¥REAYSIQRIECREPFIVM t R Fkourarongkamingt i ng of ani no,

nonoal kyl ani no, di@Jﬁi}&leﬁ@icﬁ’tﬁyclyiub§i3}ﬂdﬂy$da9frlé‘@l%&§§5ﬁiﬂc§d

het er ocycl yl am nocar onﬁL, anino% (Rb) _acyl hydrazi nyl carbonyl -, 5 (am no)
(Rb) acyl oxycar boxd/Y SERyHodFY - (CarTYRox 32 MEH c BrbaReyl ,  acyl oxy,

“al dehydo, al kenyi sallkdoany| arg-adkyn|Kexy ) amahdcoxyygar bonyl ,

al kyl am noal kyl am nq,.; (i al Kyl agi noal kyl.am no,, al kyl ohosphono,
alkylcarbamoyl-, Rb—alkylsulfonyl—; Ryp-

10 alkylsulfonylamino, Rp—alkylthio, Ry-
heterocyclylcarbonyl, cyano, cyclozlkylamino,
dialkylaminoalkylcarbamoyl, halogen,

. heterocyclylalkylamino, hydroxy, oximino,
phosphate, substituted aralkylaﬁino, substituted

15 heterocyclyl, substituted
heterocyclylsulfonylamino, sulfoxyacylamino, and
thiocarbamoyl. .

p
10. The method of claim 1, wherein R, is
selected from the group consisting of:

20 (a) Cig alkyl or Cz-¢ alkenyl, each of which is
unsubstituted or substituted with one or more
substituents selected from the group consisting of
amino, monoalkylamino, dialkylamino, substituted or
unsubstituted heterocyclylaminocarbonyl, Rp—, Ry~

25 alkoxy-, and substituted or unsubstituted

heterocyclyl; and

(b) alkoxycarbonylalkylamino, cyanc, and hydroxy.
11. The method of claim 1, wherein X; is O.
12. The method of claim 1, wherein X, is O.

30 13. The methoed of claim 3, wherein Xz is N.



10 al kyl sul fonyl am no, carbanoyl, Rb-, Rb-al koxy-, Rb- al kyl am no-, cyano,
cyanoal kyl carbanmoyl, cycl oal kyl am no, di al kyl phosphono,

hal oal kyl sul fonyl am no, heterocyclyla I kyl am no, heterocyciyl carbanoyl,
hydr oxy, 15 hydroxyal kyl sul f onyl am no, oxi m no, phosphono, substituted or
unsubstituted aral kyl am no, substituted or unsubstituted

aryl car boxyal koxycar bonyl , substituted er unsubstituted

het er oaryl sul f onyl am no, substituted 20 or unsubstituted heterocyclyl,

t hi ocarbamoyl, and {rifhLyor y ) y o]

ar al kyl car banoyl , aI&%hngfI&gﬁ%gngiy,ﬂgVign %@%ﬁ%ﬁhggéﬁfﬁ%Elalkoxy,

al koxycar bowg Rz alk yeapbanoy Rz %haﬁmﬁ?@arﬂaonyla @vnabe kend;

1koxycar bonylal k¥l am.na. x, akky!l sild epyl am no, al kyl sul fonyl oxy, ami no,

am noal kyl ar al kyl car banoy ] am noal kyl car banoyl ,

am noal kyl het er ocycl Jalk | car

aninocycloalkylalkyl:Vclgé tgﬁgné o723 dant ey el Badlyl car bamoy!
aralkoxycamb@myhaﬁﬁmgnxuaéylhﬂﬁemgcyclyI aryl oxy, aryl sul fonyl am no,
.aryl sul fonyl oxy, carb.anoyl,, carbonyl, Rb-, Rb- al koxy-, Rb-alkylthio-,
Rb-al kyl (al kyl) am , | Kyl I) Rb- al kyl ar ai no-,
Rb- al kyl car banoyl -, ﬂ%b ggﬁfﬁgﬁ¥?5§§lc£§%gﬁj aﬁ@&%ggF¥6nylanlno

Rb- aIkyItknQﬁleRBEdh%¥%¢oéﬁcgym&aﬂbéﬁy$tlQﬂnQﬁOalkylanlnocarbonyl 5

dlalkylanlnoalkxgan1@osagkgylgnkgqagfyé@ﬁzngachcyaqgmcgyggoalkylanlno di a
kyi am noal kyl car banoyl , hal ogen, heterocyclylalkylanlno hydr oxy, oxi m no,

unsubstituted or substituted with one or more

10 .substituents selected from the group consisting of
amino, monoalkylamino, dialkylamino, substituted oxr
unsubstituted heterocyclylaminocarbonyl, |
substituted or unsubstituted heterocyclyl, Ry—-, and
Rp—alkoxy-; anc

15 (b) alkoxycarbonylalkylamino, Rb—'alkoxy—, cyano,
substituted or unsubstituted heterocyclyl, and

hydroxy.
17. The method of claim 16, wherein R, is cyano.

18. The method of claim'14, wherein Rs is

;‘5 .

20 ;
wherein said Rs is either unsubstituted or substituted with
one or more R, groups selected from the group consisting
of:
(a) Ci-¢ 2lkyl, Cz;-s alkenyl, or C,.¢ alkynyl; wherein
25 said alkyl, alkenyl, or alkynyl group is each

either unsubstituted or substituted with one or

~more substituents selected from the group



phosphate, substituted or unsubstituted aral kyl am no, substituted or
unsubstituted 10 heterocyclvl, substituted or unsubstituted

het er ocycl yl sul f onyl am no, sul foxyacyl am no, and thiocarbanmoyl. 19. The
met hod of claim 18, wherein Ra is selected fromthe group consisting of:
.15 (a) C1_6 alkyl or C2_6 al kenyl, each of which is wunsubstituted or
substituted with one or nore substdtuents selected fromthe group
consisting of amno, nonoal kyl am no, dial kyl am no, substituted or

unsubstituted het eé&rsxgl;yr'l@r@rngmbo@yc!no(a%m#@g%g gggﬂkﬁ&mﬁg“subst Ituted

heterocyclyl, Rb-, and Rb-al koxy-; yl am no,
Rb- al koxy-, cyano, mﬂ§ﬁb§%¥%%F%dub?uQﬁﬁﬂﬂysﬁﬁtuted heterocyclyl, and

hydroxy. 25 20. Thed4®btbhech afanghatmishywherein Ra is C2_5 al kyl that is
substituted with one or nore substituents selected fromthe gr oup

consi sting of anmi nE™FBhEH RGY B HE 2T AHdCBTRAWY M ani no. 21. The method of
claim 14, wherein Rming) (6,) awbﬁﬁxydhﬁb@kg R5 is either unsubstituted or

substituted with ne, or p | ected fromthe group consisting
O 5 (a) CL6 al k@fydr&ﬁy aﬁr%ﬁ%? 2P %&ﬁéaﬁﬁ’m b; 2GREREIn  said al kyl,

al kenyl , or aIkyny&lqude,|éimeaghsurﬁdﬂymamuﬁsubsmbkyted or substituted with
one or nore substltuents sehﬁctegkf th ¢59 y.oup consi sting of am no,

om
nonoal kyl am no, dléwk Van1 ic T10%shSt T ifed o URsubst i t ut ed

dlalkylamlnoalkylamlno, alkylphosphono,
10 alkylsulfonylamino, carbamoyl, Rp-, Rp—alkoxy-, Rp-
| alkylamino-, .cyano, cyanoalkylcarbamoyl,
cyéloalkylamino, dialkylphosphono,
haloalkylsulfonylamino, heterocyclylalkylamino,
heterocyclylcarbamoyl, hydroxy,

15 hydroxyalkylsulfonylamino, oximino, phosphoﬁo,
substituted or unsubstituted aralkylamino,
substituted or unsubstituted
arylcarboxyalkoxycarbonyl, substituted or
unsubstituted heteroarylsulfonylamino, substituted

20 or unsubstituted heterocyclyl, thiocarbamoyl, and
trifluoromethyl; and

(b) (alkoxycarbonyl)aralkylcarbamoyl, aldehydo,
alkenoxy, alkenylsulfonylamino,'alkoxy,
alkoxycarbonyl, alkylcarbamoyl,

25 alkoxycarbonylamino, alkoxycarbonylalkylamino,
alkylsulfonylamino, alkylsulfonyloxy, amino,
aminoalkylaralkylcarbamoyl, aminoalkylcarbamoyl,
aminoalkylheterocyclylalkylcarbamoyl,
aminocycloalkylalkylcycleoalkylcarbamoyl,

30 aminocycloalkylcarbamoyl, aralkoxycarbonylamino,
arylheterocyclyl, aryloxy, arylsulfonylamino,
arylsulfonyloxy, carbamoyli, carbonyl, Re—, Ry-
alkoxy-, Rp—alkylthio-, Rp-alkyl(alkyl)amino-, Rp-



het erocycl yl am nocar bonyl, (am no) (Rb) acyl hydr azi nyl car bonyl -, (am no)
(Rb) acyl oxycarboxy-, (hydroxy) (carboal koxy) al kyl carbanoyl, acyloxy, 15
al dehydo, al kenyl sul f onyl am no, al koxy, al koxycarbonyl,

~al kyl am noal kyl am no, dial - kyl am noal kyl am no, al kyl phosphono,

al kyl sul fonyl am no, carbanoyl, Rb-, Rb-al koxy-, Rb- al kyl am no-, cyano,
cyanoal kyl car banovl, 20 cycl oal kyl am780+ di al kyl phosphono,

hal oal kyl sul f onyl am no, heterocyclyl al kyl am no, heterocyclyl carbanoyl,

hydroxy, hydroxyalkyh $iH §An¥-28L 001 -0XkU NG, 1 RROSPhORY,. substituted or
unsubstituted aral kyllam no, 25 substituted orf unsubstituted

aryl car boxyal koxycardagroamaydst i Rurréivbiuligngbst Reut ed

het er oar yl sul f onyl adyngy,1 SRSk HE ek, -1 kpRSYBSt Rf-ut ed heterocyclyl,
t hi ocar banmoyl, and trifluoronethyl; and 77 (

] b) .

.(?Lkoxrca{?ony:)aﬁ&ﬁ@?PFﬁf%ﬁ%ﬁiﬁPiE%}déﬁ988?12¥ﬂ:S§E8§9sz;;; I
al Kenvl sul 1onyl am diQ.l k&l &eX)oa 1 kgl KAXYLC azbiYam i mdak ¥y ¢ ah yl,
al koxycarbonyl am no, a ;K§§¥ﬁ%rﬁon¥lalgilfg%$oh 5 ﬁkk I%#Jfon | am no,
al kyl sul f onyl oxy, @ffi"flo, ©¥ ARt Hral kGt CarFamoyt Y anft mdaPkyl car banoyl ,
am noal kyl het er ocyiedlplbahkyhetarfoagoyylalkylamino, hydroxy, oximino,
aninocycloalkylalkrk%%gl gl&ylg%nggggyli gg@gg(ﬁ@§+%glkylcarbannyl,
ar al koxycar bonyl ami no; T arﬁFheﬁerocyc yP, aryloxy, aryl sul fonyl am no,
aryl sul fonyl oxy, cardiagbyhincashoayliutRe- or Rmsuwdskdxyted Rb-al kyl t hi o-,
Rb'alkyﬂo (al kyl) a%@ﬂ@%bcyé%?l, substituted or unsubstituted '

heterocyclylsulfonylamiﬁo, sulfoxyacylamino, and

'thiocarbamoyl;

19. The method of claim 18, wherein R, is
selected from the group consisting of:

15 {a) Cis alkyl or Cs.¢ alkenyl, each of which is
uhsubstituted or substituted with one or more
substituents selected from the group consisting of
amino, monoalkylamino, dialkylamino, substituted or

-unsubstituted heterocyclylaminocarbonyl,
20 substituted or_unsubstituted heterocyclyl, Ry-, and .
Rp-alkoxy-; and _
(b) alkoxycarbonylalkylaminoc, Rp~alkoxy-, cyano,
substituted or unsubstituted heterocyclyl, and

hydroxy.

25 20. The method of claim 19, wherein Ra is Cs-s
alkyl that is substituted with one or more substituents
selected from the group consisting of amino,

monoalkylamino, and dialkylamino.

21. The method of claim 14, wherein R; is



al kyl (al kyl ) carbanoyl -, Rb-al kyl am no-, Rb- al kyl car banoyl -

Rb- al kyl sul fonyl -, Rb 15 al kyl sul fonyl am no, Rb-al kylthio, Rb-

het er ocycl yl carbonyl, am no al kyl am nocarbonyl, dial kylam noal kyl am no,
al kyl am noal kyl am no, cyano, cycl oal kyl am no, dial kyl am noal kyl car banoyl ,
hal ogen, heterocyclyl al kyl am no, hydroxy, oximno, 20 phosphate,
substituted or unsubstituted aral kyl agn-no, substituted or unsubstituted
het erocycl yl, substituted or unsubstituted heterocyclylsulfonylam no,

sul f oxyacvl am no, and thiocarbanoyl., 25 22.- The nethod of claim 21,

wherein Ra is selected fromthe gr consisting of: (a) ClL_6 alkyl or
C2_6 al kenyl, each of which is un ituted or substituted with one or
nore substituents selected fromt oup consi sting of 30 am no,

nori oal kyl am no, dial kyl ami no, substtftuted or unsubstituted

het erocycl ym%mcgllzpwlls o1 £8e 5 UL by ed OF otyﬂ%uggliéd{fe@dwbﬁ erocycl yl ,

Rb-, and Rb-al koxy-; and (b) a lkoxycarbonyl al kyl am no Xy-, cyano,

substltuted”@rOHﬂgﬁﬁ%ﬁﬁtQRQHPShé?é?@E§%¢§Pm 9BuRydPRe@pFLing3. The met hod
of claim 2lys.wherein R is selected fromthe group consisting of: (a) Cl_4
al kyl or C2_4 al kenyl, each of which is wunsubstituted or substituted wth

one or Fore 10 $@bst i%treAtsYSelSect BH I 1M CReCyr dthkyashsi WerRgnof  ani no,

: monoal kyl am no, dlsahhyémmo,alﬁa]b@_tl bt edk Pyl Wrsupstd tdal-gd

neterOCyC|y|an]nOCargg ghsubstluuted or substituted with one or
more substituents selected from the group

- consisting of amino, mdnoalkylamino, dialkylamine,
10 substituted or unsubstituted ﬁ
heterocyclylaminoccarbonyl,
{amino) (Rp) acylhydrazinylcarbonyl-,
(amino) (Ry) acyloxycarboxy-,
(hydroxy) (carboalkoxy)alkylcarbamoyl, acyloxy,
15 aldehydo, alkenylsulfonylamino, alkoxy,
| alkoxycarbonyl, alkylaminoalkylamino,
dialkylaminoalkylamino, alkylphosphono,
alkylSLlfonylamlno, carbamoyl, - - Rp=, Rp-alkoxy-, Rb
alkylamino-, cyano, cyanoalkylcarbamovl

20 cycloalkylamine, dialkylphosphono,
haloalkylsulfonylamino, -heterocyclylalkylamino,
heterocyclylcarbamoyl, hydroxy,
hydroxyalkylsulfonylamino, oximino, phosphono,
substituted or unsubstituted aralkylamino,

25 substituted or unsubstituted
arylcarboxyalkoxycarbonyl, substituted or
unsubstituted heterocarylsulfonylamino, substituted
or unsubstituted heterocyclyl, thiocarbamoyl, and

trifluoromethyl; and



substituted or unsubstituted heterocyclyl, and Rb-; and 15 (b) Rb-al koxy-
and substituted heterocyclyl. 24. The nethod of claim1l, wherein: each of
Rl and R2 is propyl; R3 is-hydrogen; R4 is a single bond; 20 R5 is phenyl
substituted with Ra, or wherein said bicyclic or trycyclic group is
optionally substituted with Ra; R is selected fromthe group consisting
of; 25 (a) C1_6 alkyl or C2_6 al kenyl7 each of which is unsubstituted or
substituted with one or nore .substituents selected fromthe group

consi sting of @g}n@&lkgppgg§ﬂgﬁ@@pgfglkyydgggxﬁg¥%)ngadsg§@g|1:uted or 79

unsubstituted heterocycl yl am nocar bonyl al koxy-, and substituted
or unsubstituted aﬁé?@?ﬁbyéﬂ??”“éﬁéf?Eyi%Wk%%yéékﬁéhylaIkylanlno, cyano,

and hydroxy; 5 eagho@fc2tboand, xg_?§cgrb§mg§j&3 is N 25. The nethod of
claim1l1, wherein the conpound ormul a

3-[ 4- (2, 6- di oxo- laé a§¥ﬁ§ﬁ?ypyéa@§q§ 7alkoxyvagbonylalkylamlno,

t et rahydr o- IH-pur@ﬂx@iyﬁjmﬁm@yﬁim&2a2k219@1ﬂﬁn&bky Lﬁmmboplonlc acid. 26.
The net hod of claln11 pg,rel t.he sche eveg% Eed fromthe
group consisting Gf88% Sﬁ?ﬁéﬂ IR OR ke 5\3#4

transpl antation, kimdneylkilsehenvaiclyhetkyleabamogan transplantatlon

surgery.. 15 27. The 0EI0Q4:1901 &80 0200 MG &l L0 acute
aminocycloalkylcarbamoyl, aralkoxycarbonylamino,

10 . arylheterocyclyl, aryloxy, arylsulfonylamino,
arylsulfonyloxy, carbamoyl, carbonyl, Ry~, Rp—:
‘alkoxy-, Ry-alkylthio-, Ry-alkyl(alkyl)amino-, Re-
alkyl (alkyl)carbamoyl-, Rp-alkylamino-, Rp-
alkylcarbamoyl-, Rb—alkyléulfonyl—, Rp-

15 ~alkylsulfonylamino, Rp—alkylthio, Ry-
heterocyclylcarbonyl, aminoalkylaminocarbonyl,
dialkylaminoalkylamino, alkylaminoalkylamino,
cyano, cycloalkylamino, dialkylaminbalkylcarbamoyl,
halogen, heterocyclylalkyiamino, hydroxy, oximino,

20 phosphate, substituted or unsubstituted
aralkylamino, substituted or unsubstituted
heterdcyclyl, substituted or unsubstituted
heterocyclylsulfonylamino, sulfoxyacylamino, and

thioccarbamoyl.

25 22.- The method of claim 21, wherein R, is
selected from the group consisting of:

(a) Ci-¢ alkyl or C,-¢ alkenyl, each of which is
unsubstituted or substituted with one or more
substituents selected from the group consisting of

30 amino, monoalkylamino, dialkylamino, substituted or

unsubstituted heterocyclylaminocarbonyl,



coronary syndronme is nyocardial infarction. 28. The

nmet hod of claim1,

wherein the A2b adenosine receptor antagonist is admnistered within two

days before or after the ischem c event. 20 29. The

met hod of cl ai m 28,

wherein the A2b adenosi ne receptor antagonist is admnistered within two
days after the ischemc event. 30. The nethod of claim1, wherein mammal is

a hunman. 25 31. The nethod of clarn¥q,-wherein the

conpound of formula

(1) exhibits an affinity for an Alb adenosine receptor that is at |east
10-fold greater t@aﬂsﬁi‘%te%fﬁmms\ﬁosQ t@ﬂeMeta§Q%% neprecepyor or an A3

adenosi ne receptor. . The nethod of claim
of formula (I) qu%Tﬁ%kQ§thUWF§ an affinity for an

that is at |eastplO-fidody8s 88N a1 kiBiide afiallﬁtb&y

erei'n the conpound
Al adenosi ne receptor
f odyathbe A2a adenosi ne

receptor or the A3 5 adenosine receptor. 33. The met hod of claim 1,
wher ei n the conpo§HBStHFuTesy ﬁﬁluans("’lb)s*"-é%HF%Cilt}%etérRFY‘Eﬂa)ﬂueaFﬁr an A2b
adenosi pe recept e abekpw 500 nM 34. The. nethod of claim1, wherein the

conpound 10 of fornula (1) exhibits a Ki value for

an A2b adenosi ne

receptor bel ow 200 nM 3$heﬁm%%bgo foéléﬁﬁaﬁ'qﬂ1%AQHsﬁa%% or disorder

medi ated by activati’on of an enosi ne recep

conpri sing

adni ni st er igrg ecoea frammihei grawwedonhiesieiofy af: 15 effectlve amount of a
conpound of fornula (1) .ageordi rg ,t 91, &l @i mioy 36 AipRthod of liniting

ti ssue necrosis

unsubstituted or substituted with one or more

10 substituents selected from the group consisting of

amino, monoalkylamino, dialkylamino, substituted or

unsubstituted heterocyclylaminocarbonyl,

. substituted or unsubstituted heterocyclyl, and Rp-;

and

15 {(b) Rp-alkoxy- and substituted heterocyclyl.

24. The method of claim 1, wherein:

each of Ry and R; is propyl;
R3 is hydrogen;
Ry is a single bond:;
20 R; is phenyl substituted with R,

P

nn,

’

_wherein said bicyclic or trycyclic group is optionally

substituted with Ry;

R. is selected from the group consisting of;

25 (a) Ci¢ alkyl or Ci-¢ alkenyl, each of which is

unsubstituted or substituted with one or more

substituents selected from the group consisting of

amingc, monoalkylamino,'dialkylamino, substituted or



resulting froman ischemc event, conprising: identifying a manmmal t hat
has undergone an ischemc 20 event, or in which an ischemc event is
immnent; and administering a therapeutically effective or
prophylactically effective anount of an A2b adenosi ne receptor antagoni st
to the mammal within ten days before or after the ischemc event; 25
wherein the A2b adenosi ne receptor -ahnfagoni st is a conpound of formula (I)
according to claiml1. 37. A nethod of Iimting infarction size follow ng

nyocardi al i nfar ctj,Qfns COMRELSHOE rBYc1vi dedLybbgy 8 maoed -t hat has
under gone nyocardial infarction, or in which myocardial 1nfarction is
i M nent; and adiiMiPsYer ieRg aWbHertapEtt PEaISpLELLERESYe or 5

prophyl actical ly efkeetiwa yanoupd of an Al b adenosine receptor antagoni st
to the mammal within ten days before or after the ocardi al infarction;

wherein the AIb(Ebeﬁ&&?ﬁ@c?EEEBFBgK&HFEdﬁhi§VaP%'é“gzaﬁﬁﬁﬁﬁﬂ of fornula (1)
accordipg to eh& mflx, Hid X, is O; and '

X3 is N.

25. The method of claim 1, wherein the compound
of formula (I) is 3-[4-(2,6-dioxo-1,3~dipropvl-2,3,6,7-
tetrahydrofiH—pﬁrinQB—yl)—bicyclo[2.2.2]oct—l—yl]—

10 propionic acid.

26. The method of claim 1, wherein the ischemic
event is selected from the group consisting of acute
coronary syndrome, stroke, organ transplantation, kidney

ischemia, shock, and organ transplantation surgery..

15 27. The method of claim 26, wherein the acute

coronary syndrome is myocardial infarction.

28. The method of claim 1, wherein the A,
adenosine receptor antagonist is administered within two

days before or after the ischemic eévent.

20 29. The method of claim 28, wherein the Ay
adenosine receptor antagonist is administered within two

days after the ischemic event.

30. The method of claim 1, wherein mammal is a

human.

25 31. The method of claim 1, wherein the compound
of formula (I) exhibits an affinity for an Az adenosine
receptor that is at least 10-fold greater than the
affinity for an-A;; adenosine receptor or an As; adenosine

receptor.
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32. The method of claim 31, wherein the
compound of formula (I) further .exhibits an affinity for
an A; adenosinelreceptor that is at least 10~fold greater
than the affinity for the A;, adenosine receptor or the A;

adenosine receptor.

33. The method of claim 1, wherein the compound
o0f formula (I) exhibits a K; value for an An,édenosine'

receptor below 500 nM.

34. The method of claim 1, wherein the compound
of formula (I) exhibits a K;i value for an A, adenocsine

receptor below 200 nM.

35. A method of treating a disease or disorder
mecdiated by activation of an A, adenosine receptor
comprising administering to a mammal in need thereof an
effective amount of a compound of formula (I) according to

claim 1.

36. A method of limiting tissue necrosis

resulting from an ischemic event, comprising:

identifying a mammal that has undergone an ischemic
event, or in which an ischemic event is imminent; and

administering a therapeutically effective or
prophylactically effective amount of an A,, adenosine
receptor antagonist to the mammal within ten days before
or after the ischemic event;

wherein the Aj;, adenosine receptor antagonist is a

compound of formula {I) according to claim 1

37. A method of limiting infarction size

following myocardial infarction, comprising:
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~identifying a2 mammal that has undergone myocardial
infarction, or in which myocardial infarction is imminent:
and

administering a therapeutically effective or
prophylactically effective amount of an ‘Az, adenosine

receptor antagonist to the mammal within ten days before

or after the myocardial infarction;

wherein the A, adenosine receptor antagonist is a

compound of formula (I) according to claim 1.



