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USI NG ADENGCSI NE RECEPTOR ANTAGONI STS Technical Field of the Invention

[ 0001] Thwe 3nossné i on rel ates to cardi ol ogy, nedicinal 5Pcharsoy1s6ys and
phar macol ogy. More particularly, it relates to A2b adenosi ne receptor

ant agoni sts and preventing or treating ischema 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.
Substantial reductions of oxygen delivery induce a condition known as
hypoxi a. Both ischem a and hypoxia, if prolonged, can result in the | oss of
function in the 15 tissue and even cell death. There are numerous
conditions, both natural and iatrogenic, that cause ischem a and hypoxia
including, but not limted to, occlusive vascular disease, coronary

t hronbosi s, cerebrovascul ar thronbosis, aneurysmrupture, general 20
henorrhage, crush injury, sepsis, severe cutaneous burns,

vascul o- occl usi ve surgical techniques (such as spinal ischem a during.

t hor acoabdom nal aneurysm surgery), cardiopul nonary bypass procedures,
organ transpl antation, WO 03/ 105666 PCT/US03/18695 2 cardi opul nonary
col | apse (sudden cardi ac death), and suffocation. [0003] Conventi onal
treatment for ischemia and hypoxia is to restore blood flow and oxygen
delivery to nornmkrBobewel srEgTtRer IbyHENTAEREPRGFYSNENalNO¥RYgenatNan or by

renmovi ng the cause of the vasembatnhl RekageorResTracekirgns of bl ood fl ow
results in inproved outconmes when conpared to situations wherein ischem a

or hypoxi a are mai nt ai ned

Technical Field of the Invention

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

treating ischemia reperfusion injury.

RBackground of the Invention

10 [0002] The cessation of blood flow and oxygen delivery
to a tissue induces a condition known as ischemia.
Substantial reductions of oxygen delivery induce a
cbndition known as hypoxia. Both ischemia and hypoxia, if
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, general

20 hemorrhage, crush injury, sepsis, severe cutaneous burns,
vasculo-occlusive surgical techniques (such as spinal
ischemia during thoracoabdominal aneurysm surgery),

cardiopulmonary bypass procedures, organ transplantation,



for longer periods of tine. However, it is well 10 recognized that the
restoration of blood flow and oxygen delivery can cause additional cell
deat h andwbw®sgowhe functi on i ndependent of the danage cau®ed/usyi/isehem a or
hypoxi a. This additional danmage induced by the restoration of blood flow
and oxygen delivery is known as 15 reperd usion injury. The paradoxi cal

ti ssue damage caused by reperfusion injury appears to be simlar to, an

acute i nf| et O89S | O | §d 0 e adherence of
i nfl anmat ory ceI(IQ% to the§ r%%lelr%%%%dEét%%%s%g%{ﬁcsa%%ﬁl)’ofarf%ese

i nfl ammat orSuEEd¢at benl- t he subsequent generation 20 of free radicals
The generation

(Granger et nn. v, Physial., 57 11-332, (1995)).

of free radli(f:daqssﬁand &ﬁ}‘ﬁeenrtlc%agt o%ﬁecat,ﬁ?ed%olmlje?hﬁmrﬁ PhegEHUsled ti ssue

can inducexeld meatdrdybiRiddier AeHmsisfeDuACtiMaL i he

apopt osi s p%t'hwa . 25 [0004] Adenosine is %b;\e i ntraceemltg? rggnrdnél

ext racel | ul'dV e iies ST fehdmanap Wyrmldensstdls duydemathady .od thyi s al so

gener at ed exdyiAceld Wil lag tic conversion,, |schemc and hypoxic

ti ssues generate idncr ease qu?r%ﬁ}?eeg%socf%aa%ers? solcr@,gevi arger%od?aéal@bvm of

adenosi ne off pesphdilow 3GSUATR) idurimpyoerer Gy teRRSWTRHON coiiase adenosi ne

receptors are qit\ﬁia ed int& f our kno subtypes (i.e., A, Aa" -Aa ,and

Al) based on thei® T&"%t VETEY HSSdR Faliveesiadenes mad ntadascor

i gands andoby 19eauaneeMONR36L03668 PCHOMIAR18495 ;-3 janal ysis of genes
. . A

encodi r&g these receptors. The activation of each o he "subtypes elicits
uni qué Yand Fe§6RBLZRES thpFoshRg rettteres 1 0n00E5b 1Thded Lofr thel baygeadenosi ne

ol T8 Cdur ERa R endr Fady Snore ars e HInERan GpeRbachioncarnet )
function independent of the damage caused 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 adherence of
inflammatory cells to the reperfused tissues, activation
of these inflammatory cells and the subsequent generation
20 of free radicals (Granger et al. Ann. Rev. Physiol., 57,
311-332, (1995)). The generation of free radicals and
other cytotoxic biomolecules 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
receptors are divided into four known subtypes (i.e., A4,
Azay Az, @and Asz) based on their relative affinity for

various adenosine receptor ligands and by sequence



receptors has been shown to suppress the rel ease of oxygen free radicals
fromstinulated neutrophils, to reduce the adherence of neutrophils to
vascul ar wodetimeshé um and to 10 suppress neutrophilic rel @axaSo3/186D§ and
LTB4 (see, e.g., Cronstein et al., J. Ipnmunol ogy, 148, pp. 2201-2206
(1992); Thiel et al., (1995) J. Lab. Cih.-Med., 126, pp. 275-282; Krunp
et al., J. Exp. Med., 186, pp. 1401- 6(1997)). 15 [0006] In contrast to the

anti-infla ry: effec 4234 ' or_actd,vation, activation
of Al recer%“%ir)%y %s&geéeerglnf%]o%m toﬂgfgﬁo%ggc%egﬁ%ﬁéa%%' anrlc’iﬁlgphagocyt 0si s by

stinul at ed aeti vaophoh sof (s2e) @f gthe riongpes reletcits (ADQ2Y ,arsipra; Sal non
et al., J. 20 Inmunol o 145 235-2240. (1990)) and to pronote

nmonocyt e di??%e?teﬂﬁ%t?%%oﬁlrﬁ‘% ‘%ﬁ#?‘? tleated giant cells (Merrill et al.,

Arth. RheuniQoe®)} pp.THSR8-dBLh 18971 )adedd @Y 8facalitdyadiion, M A
receptors on vascul ar endothelial cells pronotes inflammation and tissue

i njury ° 25 3% Fnpdel tofinithsiasior i fingtyiaf athd mEammyBackerekts al . |
Pharm Phar : ap,.. 8- 11 992).;. Schwartz et al., J. Ml.
Cell. Car di&oﬂfﬁ%ﬂ%ﬁ%ﬁ%ﬁgbﬁ%?‘%@'93)%3?2‘%%telronetovgl% CAFEPBYRScul ar
Res., 28, prc<866es 132 Hek3DBhowand darumirals alhe rblé%fb’:‘éf r&fﬁ(\dxy :
Ther., 30 292(3),.pp.. 929-38 (2000)). [0007] Activation of the A2

recept or ca%teaef s]%ﬁaq]e‘%dlst (%tgroﬁ? o 'W‘%%ﬁﬁ#ﬂt@%%ﬁl\;ﬁd &% giRdnGgs the
an.increa’ sethe I o rddiriO  9id a7 AN Bt @laotnby i@ Naddugst .. WO
03/ 105666 PCT/US03/18695 - 4 107, pp. 861-9 (2001), and mast ce

degr arifl at iBWPPLES halqwhgdetofl ool dasfd armdNFornELilitan(steal e, gljfe Sci .,
01000 TR0 ANG LHCIAIRAR By Mliee, VB, SRR+ 52 846-60
(1992); Thiel et al., (1995) J. Lab. Clin. Med., 126, pp.
2775-282; Krump et al., J. Exp. Med., 186, pp. 1401-
6(1997)).

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

20 Immunology 145, pp. 2235-2240. (1990)) and to promote
monocyte differentiation 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 injury

25 in a model of reperfusion injury of the heart (Becker et
al., Pharm. Pharmacol. Letters, 2, pp. 8-11 (1992);
Schwartz et al., J. Mol. Cell. Cardiol., 25, pp. 927-938
(1993); Zahler et al., Cardiovascular Res., 28, rp. 1366-
1372 (1994); and Forman et al., J. Pharmacol. Exp. Ther.,

30 292(3), pp. 929-38 (2000)).

[0007] Activation of the A, receptor can also lead to
pro—inflammatory activities such as an .increased

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



5 of A2b receptors in vascular snooth nuscle cells leads to loss of cells
via direct stinulation of apoptosis (Peyot et al., Crc. Res., 86, pp.

76- 85 (2080)0p/10366008] Current treatnments for ischem a-rep@CTUSOIB693 Nj ury
only adequately treat the ischem c damage by 10 restoring bl ood flow and
oxygenati on. However, the damage caused by reperfusion injury is generally
under-treated. Investigational treatnents for ischem a-reperfusion

include th e agdenosi d adenosi ne anal ogs as |]. as inhibition

of the sodieluéﬁ’cé%i um ex%hgg%@f)p’urﬁ)n%ﬁn?% Cfgﬁr s%%%ﬁ%%%%%%? These

therapi es, holleverk &f elowil sSuffdcientdy acdequst est Ror. exampbegcihe use of

adenosi ne and adenosine anal ogs is burdened by the undesirable effects of
%?c%ﬁi a.

depr essor a@'i \BRy P vrhdiE argl Aychampach i it i onMet - t he
sodi um cal chaumexchanges pungy angd he 24, )scihsﬁ ca({%?%%/%ﬁ,s égtjtgggf%at e

because it does not ‘prevent or treat the amma condiTions or the
di rect S stigfulZebi baceptapspinsiascThas, shbetle mesalascalheetdehds toew

pharmaceutical |l y accept abl.e conmpounds an onpositions  for preventing,
limting orr$ieaty ncgeeilﬂsscﬁfe]rﬁ a(%rrgepce f%%ﬂactﬂgpq rﬁ%r%}’.o@iﬁﬁ’eﬁ y(B3Yqthe

I nvention [€3008]. Appl#E£amess haves sy ed ¢ty atpams )pr obl em by  di scovering
that A2b adenosine receptor antagonists are 30 capable of preventing,
limting orl44%8t i ng GUedifers & s diwh njseheniprerenrmefitsiomrrel ates to
a nmet hod far,- tJ jdm 14 r.eafi. i adhem a r rfusion injury
in a rrarrrralcﬁltj%f\rﬁggyu %ee rdqdoarngeetlﬁg:lrg:%% rE%% é\r;% rlljteq@rC {ﬁ?w{ 666

PCT/ US@3/ 18888 0or5ng i lwicc if lanw isschemygeaagriton.s iHoWaen, uSiagiddiye

adenosi ne rece r antagoni sts. .,The conpounds useful in the methods of
this i nventclaéjﬁse@g)ryi rteﬁ)é%’fnu&éﬁnr At et fec 98T Rdugh under-treated.

Investigational treatments for ischemia-reperfusion
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 adenosine analogs is burdened by the undesirable
effects of depressor activity and bradycardia. Similarly,
inhibition of the sodium-calcium exchange pump on the

20 ischemic myocytes is inadequate because it does not
prevent or treat the imflammatory conditions or the direct
stimulation of apoptosis. Thus, there remains a need for
new pharmaceutically acceptable compounds and compositions
for preventing, limiting or treating ischemia reperfusion

25 injury.

Summary of the Invention

[0009] Applicants have solved the above problem by
discovering that Az, adenosine receptor antagonists are

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

injury in a mammal that has undergone an ischemic event or



specifically antagoni zing or blocking the Alb adenosine 5 receptor. [0010]
In sone enbodi nents, the nethods of this invention conprise adm nistering
to a patiwotesaosesher apeutically effective or prophylacti caCiryuses/issesive
amount of an Al b adenosine receptor within ten days before 10 or after the
i schemic event. [0011] In some enbodi nents of the invention, the Alb
adenosi ne receptor antagonist is a conpound of formula (I) X1 R/ RL \ N
N )LRA_R5 (dr» wh¥kXzar idehendfc asventphios naeeutdreal dyieg cept abbﬁosﬂhé or
N-oxi de thereof, wherein: each of Rl, R2, and R3, |ndependently,

hydrogen: ZEHPEE GAGAN IS 6 AN FATPBNED b S Yy nih - t%éﬁ%ﬂkp%sal

al kyl, al keswylonQf @ld ol Sesad Aherm dns yhsti iyt rd @ffeé&@?ﬁr}]y o Wi th one

or nore substituents selected from the group consisting o XY,

al koxy, anisrecifisrdal kydreve gl i adivag kopt doiavos iy diloml Ayl adenybings

het erocycl yl, . ﬂqrtaoﬁyl het erocycl yl al kyl , acyl am no, al kyl am nocar bonyl ,
al kyl su fonél and al kyl am nosul fonyl ; C) substituted or

un, subst i tL[tQCEch]aryI ,Ir0rscije Sensdditmareh ortHenstdrsidddited deterocycl yl ;
invention comprise administering to a patient a
therapeutically effective or prophylactically effective
amount of an Az, adenosine receptor within ten days before
10 or after the ischemic event.
[0011] In some embodiments of the invention, the Ay
adenosine receptor antagonist is a compound of formula (I)

X
1 Rs

A

A p

X N X3

L

15

or a pharmaceutically acceptable salt or N-oxide thereof,

wherein:

each of R;, Rz, and Rs, independently, is:

a) hydrogen; l

20 b) Ci.¢ alkyl, Cz-¢ alkenyl, or Cy-¢ 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, dialkylamino, cycloalkyl, aryl,

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

c) substituted or unsubstituted aryl; or

d) substituted or unsubstituted heterocyclyl;



WO 03/ 105666 PCT/US03/18695 - 6 R4 is a single bond, -0-, - (CH2) 1 _3-,

-0 (CH2) 1_2-, -CH2OCH2-, - (CH2) 1_20-, -CH=CHCH2-, -CH=CH, or
- CH2CH=CHwWp 0B303686 (a) phenyl, or 5 (b) a bicyclic or tri ®@geluise3/tgeetp
selected fromthe group consisting of: aM a VW0 0 and '~L a 'may

wherein the phenyl, bicyclic, or trlcycﬁiC‘group is either unsubstituted
or substituted with one or nore Ra groups, 10 which is selected fromthe

group consigt ;R0 40k KAk g%p@_aL@ll,_Qgﬂg alkenybcgr) ,C2- 6 akyaul- wherein

sai d al kyl, alkenyl or al kynyl group is each ei ther” “uhsubstituted or
substltuted-MchlQﬂe or-OiiCélCslubst rCie@tls, sel eCHgdGom t he group
consistinglg anlno nonoal kyl am no, 15 di al kyl am no, substituted or
unsubsti t ut®d™ heterocyclylanlnocarbonyl

(am no) ( Rb) epylgnedtaz nydk car bonyl - (anlno) (Rb) acyloxycarboxy-
(hydro )(carboalkoxy)alkylcarbanDyI acyloxy, aldeh

al kenyl%ul f&oywarﬁwcla#cm@ El R icardoa S %rﬁmlw R
dlalkylanlqgghﬁy al kyl phosphono, aIkyIsquonyIanlno car banoyl ,
Rb Rb- al koxy-, ériylanlno- cyano, cyanoal kyl car banoyl

cycl oal kyl am no, dlalkylp sphono hal oal kyl sul f onyl am no, 25

het er ocycl yl al kyl am no, ocycl ylcar banoyl, hydroxy, WO 03/ 105666

PCT/U803/18695F ?
Y,
0]
O
% , 4‘5’ 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-¢ alkyl, C,¢ alkenyl, or Cp.¢ 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 amino, monoalkylamino,

15 dialkylamino, substituted or unsubstituted
heterocyclylaminocarbonyl,
(amino) (Rp)acylhydrazinylcarbonyl-,
(amino) (Rp) acyloxycarboxy-,
(hydroxy) (carboalkoxy)alkylcarbamoyl, acyloxy, aldehydo,
20 alkenylsulfonylamino, alkoxy, alkoxycarbonyl,
alkylaminoalkylamino, dialkylaminoalkylamino,
alkylphosphono, alkylsulfonylamino, carbamoyl, Rp-, Rp-—
alkoxy—-, Rp—alkylamino-, cyano, cyanoalkylcarbamoyl,
cycloalkylamino, dialkylphosphono, haloalkylsulfonylamino,
25 heterocyclylalkylamino, heterocyclylcarbamoyl, hydrozxy,



7 hydroxyal kyl sul f onyl am no, oxi m no, phosphono, substituted or
unsubstituted aral kyl am no, substituted or unsubstituted

aryl car bowpaBheeyecar bonyl , substituted or unsubstituted PCT/US03/18695

het er oaryl sul f onyl am no, substituted or_unsubstituted 5 heterocyclyl,

t hi ocarbanmoyl, and trifluoromethyl; and’ Th) (al koxycarbonyl)

ar al kyl car banoyl , al dehydo, al kenoxy, al kenyl sul fonyl am no, al koxy,
alkoxycarbggﬁko QF&#F%@&?@ Yhmigbkoxy¥eak RenyLaskpeono, substituted

al koxycar bony aF%y am no, al kyl sul fonyl am no, 10 al kyl sul fonyl oxy, am no,
ani noal kyl arabkgbbatbamvpeld, arakkpdankpbeasbhabykuted or unsubstituted
am noal kyl het erocycl yl al kyl car banoyl , . :
aninocycl05F¥§FQF%??&?@F8§V§?FESP%%ﬁD?PPStéﬁ?ﬁggy8F05PE9F85%E3589I,

ar al koxycaphenybamyneul ranylhetiapocyabytitargtosy, vasybsttitangbani no, 15
aryl sul fonyl oxy, carbanoyl, carbonyl, Rb-, Rb-al koxy-, Rb- alkylthio-,
Ro-al kyl ( Bekgrpcyrilivg-, tRBDCéFf@I“%iLkyP?éaFEé%VPIPmREhéﬂlkyPQﬁi no-,

Rb-al kyl car bam%@y (2o &'rﬁgg&gw!c??.kgé_aa&b&h%phf,oazbaﬂgae,,

Rb- al kyl t hi o, heterocycly ony m noal kyl'am nocar bonyl , 20

di al kyl am aaakkypkgni adkealykpuafongakkyhani aékogyanelkogycbslbkylan no,

di al kyl am noal kyl car bamgyl ,_ _hal ogen het er.ocycl yl al kyl am no, hydroxy,

oxi mi no, pﬁggﬁﬁgﬁégamggg$tﬁéﬁp§§ 8Fb8H¥38§fPPﬂted aral kyl ani no, substit ut ed
or unsubst bt wbed-Retbehgaduakyliansubst bl uyedudrougsahshiotuted 25

het erocycl yl sul fonyl am no, sul f oxyacyl am no, _and_ thi ocarbampyl; Rb is
sel ectléd f pokyELBE1FOOYEoZonsiP8EnRg shineadkylarelkgrSprPemOYLCONHNHS02CF3i

- CONHORC, - CONH . 2NHR( ~ - . COCE

; NHCO\IHSOZﬂ@-c)%%%ggﬁffggﬁ@?%“é%%) _a}Séy %%%5 ﬁﬁ&g%?l%a & g or ér&%&% A,
_PO(OH) R, amiR03K210al%93H] kySeINERa ] kySeaNHEARY L, - SO3NHCONHOO2R, , and t he
fol | ow ng:

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 dialkylaminocalkylamino, alkylaminoalkylamino, cyano,
cycloalkylamino, dialkylaminoalkylcarbamoyl, halogen,
heterocyclylalkylamino, hydroxy, oximino, phosphate,
substituted or unsubstituted aralkylamino, substituted or
unsubstituted heterocyclyl, substituted or unsubstituted

25 heterocyclylsulfonylamino, sulfoxyacylaminp, and
thiocarbamoyl;

R, is selected from the group consisting of -COOCH,
-C (CF3),0H, -CONHNHSO,CF3, —-CONHOR., -CONHSO2R.,
-CONHSO,NHR., ~-C(OH)R.PO3H,, -NHCOCF3, —-NHCONHSO2R., —-NHPO3Hz,

30 ~NHSO2R., —NHSO,NHCOR., —-OPOsHp, —-0SO3H, -PO(OH)R., —-POszHz,

—-S03H, -SO,NHR., —-SO3NHCOR., -SO3NHCONHCO2R., and the

following:



WO 03/ 105666 PCT/US03/18695 8 HOHi NN N~NNN NN-~1 -F -4 11 ~~
RONHI N/ CF3 \S N 2rv,r HOXHHR O N~\\ OOH NN NN N HNHH
RC O R Rowbp34edeect ed from the group consisting of hydrog®ar/oSCi/18695 al kyl ,
-Cl_4 al kyl -C02H, and phenyl, wherein the -Cl_4 alkyl, -Cl_4 alkyl-C02H,
and phenyl groups are either unsubstitutied 5 or substituted with one to
three substituents selected fromthe group consisting of hal ogen, -OH,

-OMe, -NH2, -NQ2, unsubstituted benzyl, and benzyl substituted with one to
t hree substltu sel ected fﬁon1the groyp consi sting of halogen, -OH,
-Ove, -NH2, a [2; 10 XiN"any X2 ar etFndependenty sel e d\fron1the
group consi stii of b~and b ;aﬂd X3 i|ls N, bH CRai&b Nei n i ¢ sefect ed
fromthe group nsi st ) hy M A gﬁ;G y C2_ 6

al kenyl ,, or C2 | kynyl ; mhe “sdid | kyl4 wal kenyl, or al kynyl is

ei t her unsubstltuted or substltuted wi t hRene or npre substituents sel ected

from
} ”\ 1)
HN L‘v/ T
RASEE N

R. 1is selected from the group consisting of hydrogen, =-Ci-4

OH

.
14

alkyl, -Ci-4 alkyl-CO.H, and phenyl, wherein the -C;-4 alkyl,

-Ci-4 alkyl-COyH, and phenyl groups are either unsubstituted
5 or substituted with one to three substituents selected

from the group consisting of halogen, -OH, -OMe, -NHj,

-NO,, unsubstituted benzyl, and benzyl substituted with one

to three substituents selected from the group consisting

of halogen, -0OH, -OMe, -NH,;, and -NO;;

10 X; and X, are independently selected from the group
consisting of O and S; and
X3 is N or CRd wherein Ry is selected from the group
consisting of:

a) hydrogen;

15 b) Ci-¢ alkyl, Cz-¢ alkenyl, or Cz-¢ 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, dialkylamino, cycloalkyl, aryl,

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

c) substituted or unsubstituted aryl; and

d) substituted or unsubstituted heterocyclyl.



the group consisting of hydroxy, alkoxy, am no, nonoal kylam no,

di al kyl am no, cycloal kyl, aryl, 20 heterocyclyl, aralkyl,

het er ocycWwgloahbdske acyl ami no, al kyl anmi nocar bonyl, al kyl swelcfrarsgs/ssspbho, and
al kyl am nosul fonyl; c) substituted or unsubstituted aryl; and ,d)
substituted or unsubstituted .het,erocy® yl. WD 03/105666 PCT/US03/ 18695 -
9 [0012] In sonme enbodinents of this invention, Rl is C1_ 6 alkyl. In sone

enbodi nent s, is Ck lemdJ4 SRR s &I0ag| et sye 3 drs Ry dragen., In
sone errbodis[rgednit?zs], R4 Il_ng Sgérﬁ%lierrl%{ e lbond.S 5 [00113] I'n esoms e'rrbrk\(gtdilmsn?s6 of the
i nvention, aR5%yils. a Irswisie tanbediipteerid,. Rznist Bers eddydi.mredtissoRs is a

substituted bicyclic or tricycli.c group selected from.the, grqup.
consi sti ng .O%ﬁ“eﬂi‘is' I% 63R§y6rﬁ§eﬁ,' zﬁdsoﬁle‘ em fgflfnﬁn;&’ gf‘ hef 2

enbodi ment 51 A d oy, Wherein said RS is either unsubstituted or
substituted wwth one or nore Ra groups selected fromthe group consisting
of : 15 Y a) OPIBIal kylIn e & mergys f ghg IRAnNt iier &sn1Ssdi d al kyl ,

al kenyl, Ol AWM I Qi P 3G QIANEN oiiptiisllddl g 9 gubstituted with
one or nore substituents el ected fromthe group consisting of am no,
substituted bicyclic or tricyclic group selected from the

group’ consisting of:

R .
a R,
s 2 5 s
s
Ra o
0
R, R, R,
, and
2
"-’L'\_,\ i A, 1%

10 In yet other embodiments, Rs is

S

or

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

15 (a) Ci-¢ alkyl, C,-¢ alkenyl, or Cz-s 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 amino;
monoalkylamino, dialkylamino, substituted or unsubstituted

20 heterocyclylaminocarbonyl,

{amino) (Rp)acylhydrazinylcarbonyl-,

(amino) (Rp) acyloxycarboxy-,



nmonoal kyl am no, di al kyl am no, substituted or unsubstituted 20

het erocycl yl am nocarbonyl, ,(.amno), (.R b) acy.!|hydrazin.ylc, arbonyl -
(am no) (Wb)3aesbe©xycar boxy-, WO 03/105666 PCT/ US03/ 18695 PCT/UB03/18695
(hydr oxy) (car boal koxy) al kyl car banoy| | oxy, al dehydo,

al kenyl sul f onyl am no, al koxy, alkoxycarﬁényl, 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-, Ro 5 a - = al a

cyel oal kyl afk pareny LR e R TRl F ot oy . = Yaehyde.
heterocyclyéBkkyyhahhﬁonMEQMEm@ycéyk@aybamby¢xy¢@mbmn®d,

hydr oxyal kyl sul f o oxi m no, phosphpno tituted or
unsubstltut%ﬁk%iﬁmﬁ9?%LQ%%ﬁm%%%st&%%f%%f = %ab%%ﬁ%g%??Uted

aryl car boxyal kpxyeaspeeyd, SURSTbbUEEEy DimiiHS UbSEDA d}exi Rp- -
het er 6ar yl sul fonyl am no, substituted or unsubstitute heterocyclyl

t hi ocarbanmoglkoawd, Bw1&h@%#@%@¥hylCX%ﬂP(tqunﬂﬂ&%ngﬂ
ar al kyl car %?Y&al@f%&%?ﬁan%é?f‘kgf@gé%pc}ér Lo nl?(éfé’éfl?ynﬂ@ﬂwylﬁkh%y’

al koxycar bon
aIkoxycarbomQtaikgyahyIm&kyﬂamimmjfMEm@fwnymayleéﬁbdmmyIﬁﬁh&quxyanlno

1 noal kyl alk n alk | car bamo
Zgzﬂoalkzl ig?ﬂniéﬁ o Y %ngno,yphosphono, substituted

am nocycl O%Kylhﬁ},&yéﬁ/@w@é ké&&p}&pmﬂl@, S0 ocyed aal &yl car banoyl
aralko§¥carbonylan1no aryl heterocyclyl, aryl oxy, arylsulfonylanlno

aryl sul ony¢®&WbS%Ht%%%@y@rYkﬁﬁthﬁﬁyalK@KYC$&b%nkbmysub$&ﬂtwﬁ$®Ileo-
2o ot (Ll cemog 2% sl e spebam e R alvlom o
Rb- aIkyIth|mnsﬁmstb@ﬁﬁé@CW@ﬁ@&mmy&Kymd thﬂbémm%émdyﬂu m&&arbonyl,
trifluoromethyl; and
(b) (alkoxycarbonyl)aralkylcarbamoyl, aldehydo,

15 alkenoxy, alkenylsulfonylamino, alkoxy, alkoxycarbonyl,
alkylcarbamoyl, alkoxycarbonylamino,
alkoxycarbonylalkylamino, alkylsulfonylamino,
alkylsulfonyloxy, amino, aminocalkylaralkylcarbamoyl,
aminoalkylcarbamoyl, aminoalkylheterocyclylalkylcarbamoyl,

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

25 alkyl(alkyl)carbamoyl-, Rp-alkylamino-, Rp—-alkylcarbamoyl-,
Rp-alkylsulfonyl-, Rp—alkylsulfonylamino, Rp—alkylthio, Rp-
heterocyclylcarbonyl, aminoalkylaminocarbonyl,
dialkylaminoalkylamino, alkylaminoalkylamino, cyano,
cycloalkylamino, dialkylaminoalkylcarbamoyl, halogen,

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

unsubstituted heterocyclyl, substituted or unsubstituted



di al kyl am noal kyl 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, 30 heterocyclyl al kyl am no, hydroxy,

oxi m no, wbhespbsmbe, substituted or unsubstituted aral kyl 2eirnusp3/sishst it ut ed
or un.substitut,ed heterocyc.lyl, substituted or unsubstituted WO

03/ 105666 PCT/ US03/18695 - 11 heterochklyl sul f onyl ami no,

sul f oxyacyl am no, and thiocarbanoyl. [0014] In sone enbodinents of this

t , Cl_6 al kyl,
-6 al kenjr oy ST A 2P R SRR AT\ ah5h | O Cakymyl

group i s eathoeatrhbamoyinsubstituted or substituted with one or nore

substi t uent sel ected fromth r.ou con i sti,ng.of am,no, ponpal kyl am no,
dlalkylanlﬁ§01§§bsti9@t§8mﬁre E?g ﬁt@% %élﬁeﬂéy88§&P afRrndEar bonyl ,

(am no) (R%bl%%XEQYQ&%%i@KEC%&BQBYbbn51%%ﬁh60b&Rb)aCy|OXycabeXY-
(hydr oxy) (car boal koxy) al kyl car banoyl , acyl oxy, al dehydo,

al kenyPsul f onyl d&i) n€;-alekdyy, Qb%oﬁﬁééﬁﬁémypr £2-cakRkyvayilnoahieyleami no,

o~ 41 byl ameRee 2yt SR K1 BB Bk o r PR g oF

dlalkylanlnaabbyhammm@d @mab&bbpﬂaapbdnw;thhah@abkymsubf@nbbaﬁkn@nts
het erocycl yl al kyl am no, 20 het erocycl yl car banoyl ,

hydr oxyal kyE<6 8ﬁy¢5ﬁFh5he §%PHPnGONSAESPRENGE §HB§PVtWP@8aé#§ﬁ§VP§ﬁvno

SUbSt'tUt9@1a@%&h%%&%%xy%h%@%x%%%@@an usdbpkituhedy
het er oaryl sul f onyl am no, substituted heterocyclyl, thiocarbanmoyl, and

trlflQ@ron@ehﬁwoCandyZ@mePC@abboyﬂearbonyl) aralkylcarbannyl, al dehydo,
al kenoxy, ?Eﬁgﬁ%kﬁﬂlg yi napgzlny Ca])_{bonlfoxycarbonyl
(amino) (Rp)acyloxycarboxy-,
(hydroxy) (carboalkoxy)alkylcarbamoyl, acyloxy, aldehydo,
alkenylsulfonylamino, alkoxy, alkoxycarbonyl,

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

20 heterocyclylcarbamoyl, hydroxy, hydroxyalkylsulfonylamino,
oximino, phosphono, substituted aralkylamino, substituted
arylcarboxyalkoxycarbonyl, substituted
heterocarylsulfonylamino, substituted heterocyclyl,
thiocarbamoyl, and trifluoromethyl; and

25 (b) (alkoxycarbonyl)aralkylcarbamoyl, aldehydo,
alkenoxy, alkenylsulfonylamino, alkoxy, alkoxycarbonyl,
alkylcarbamoyl, alkoxycarbonylamino,
alkoxycarbonylalkylamino, alkylsulfonylamino,
alkylsulfonyloxy, amino, aminoalkylaralkylcarbamoyl,

30 aminoalkylcarbamoyl, aminoalkylheterocyclylalkylcarbamoyl,
aminocycloalkylalkylcycloalkylcarbamoyl,
aminocycloalkylcarbamoyl, aralkoxycarbonylamino,

arylheterocyclyl, aryloxy, arylsulfonylamino,



al kyl car banmoyl , al koxycar bonyl am no, al koxycar bonyl al kyl am no,

al kyl sul fonyl am no, al kyl sul fonyl oxy, am no, am noal kyl aral kyl car banoyl ,
30 am noawkyBaetshanoyl ,, am noal kyl het erocycl yl al kyl car bamoyiuse3/18695

am nocycl oal kyl al kyl cycl oal kyl car banoy! am no cyc, | oal kyl car bano. yl ,

ar al koxyca. rbonyl am no, aryl heterocycl %,'ar yl oxy, aryl sul fonyl am no, WO
03/ 105666 PCT/US03/18695 - 12 arylsul fonyl oxy, carbanoyl, carbonyl, Rb-,

Rb- al Koxy- ,a Rir-sal #oHy(1alsky| Jariaenoy 1R0-c oAl ki, }-Carbamobay—, Ry~
Rb-al kyl am no-, Rb-al kyl carbanoyl -, Rb-al kyl sul fonyl-, Rb-

al kyl sul f oradiksth (vd kyRo-2g1ilopt hifeaRkyhdaekydy epybampbényl , 5 cyano,
cycl oal kyl am_ iLalkyl anino N al , _ _
het erocycl y ba?%ﬂ/g%lﬁ%g?s h;/%? O%%@%é?fﬁl?%ﬂ@ﬂ phosbpﬁg%g{lssuu F Y Gted®
ar al kyl am rd kydishsitdnytieshingt ®,eeyklykbhisybsi+iiett@tocyclylcarbonyl,

het er ocycl yl sul fonyl am nq, . sul foxyacyl am nao, and thi ocarbanoyl. 10 [0015]
I n ot hg’r e¥édi9re Y§Jt9fa1t?‘|¥i1san}lﬁ\%mq3€r3rkﬁé%@n%k@é@&m]{'he gr oup

consi sting wefioded), Gkl r@dH1 Ak 1R 16mBIHEN v eaGh Sy iphigh is
unsubstituted or substitut Qd With one or noré subsStituents 'selected from
the group ehesichEtey stubshiketerb ansddal layliaw, neubditdltkydeshi no, substit ut ed
or unsubsti tut rocyel yvl.am.nocar honyl - - al koxy.-, and

substi t ut eéle%g%%l?ﬁ&e}é]st’i tute l%e téardg%f%e#;dyacné'lfbl)%%onyﬁanylno’

al koxycar beulfaldpydBmandnoGy ame, taiddaytheey.1. [ 0016] I n some enbodi nents
of the inverbtoi*%ri, X1is 0., 20 In sone enbodinments, X2 is 0. In sone

enboditfent & is NP POHEH SFhosdmendmoodi rdits 1overtd 9RentSon, each of
Rl and R24.8 G224 akyl kh@sgjr%ugy@o#%%g?tiﬁﬁy io¥.a single bond; each of Xl
I r enbodi nent s

and X2 is 0; and X3 is N In-oth
(a) Ci-g 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, Ry—, 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 0. In some embodiments, Xz
is N.

[0017] In some embodiments of the invention, each of R;
and Rz is Cz-4 alkyl; Rz is hydrogen; Ry is a single bond;
each of X; and X, is O; and X3 is N. In other embodiments

25 of the invention, each of R; and R; is independently C;-4
alkyl; Rz is hydrogen; R, is a single bond; each of X; and
X, is O; X3 is N; and Rs is phenyl substituted with Ra.
[0018] In other embodiments of the invention, each of R;
and Rz is Cz-4 alkyl; Rz is hydrogen; Ry is a single bond;

30 each of X; and X; is O; X3 is N; and Rs is phenyl
substituted with Ra; and R, is selected from the group

consisting of:



25 of the invention, each of Rl and R2 is independently C2_4 alkyl; R3is
hydrogen; R4 is a single bond; each of X1 and X2 is 0; X3is N, and RS is
phenyl suwetmtioteedl with Ra. [0018] In ot her enbodi nents @CTUse3/igs9enti on,
each of Rl and R2 is C2_4 alkyl; R3 lis -hydrogen; R4 is a single bond; 30
each of X1 and X2 is 0; X3 is N, and R5 1s phenyl substituted wwth Ra; and
Ra is selected fromthe group consisting of.: WO 03/105666 PCT/ US03/ 18695
- 13 (a) Cl1_6 dkkyl Cers sz@labke@yk,aéaehyét whicth oifs whiredulist i t ut ed or

bstituted h | ected f th
Consi i ng B SHHAG SHoRBARk LSS ol Bty DA RE. “CaBa Lot ad o es

unsubsti t uked c2thet er-eay &hyl @&bﬂ@cébﬁ@ﬁﬁkangubit aidhed or unsubstituted
heterocyclyl, Rb-, and Rb-al koxy-; and (b) alkox¥carbon yl al kyl am no,

Rb- a|koxy-mO@paﬁéyla@engnu@aﬁé&yé@m&ﬁ§ub§Pbﬁaﬂée ﬁ@t@ﬁb@@@wwst%§w&eﬁydroxy
0019 th d R
[ ]I5kyl %%% ?,ﬁlgﬁ*a&%%%%%losf_yl %uuo@\égwcgg 0gag sﬂag % <A s

C2 4 a rogen, a’single” bon eac X2 is O
X3 is N, ahétB&obycmhembe subsdli Rytalckomt+y Rmd and Ra is cyano [0020] In

sone enbodi nent s i nven |on of, R1 _and S |nde ndently C2_ 4
alkyl; R3is hydP geﬁHiQEYFér onyga §%ﬁ395188ndee%%E26¥ x1c¥ﬂ X2 is 0; and
X3 is N, a@@b@§lhﬁt@@ebgl&n%@b@tﬁ%ut%deh%m@&ougag@qtIb%he%y@&o&@bstltuted
with one or nore groups selected fromthe group consisting of: 20 (a)

Cl_6 al kyl ,[0019 aIkéﬁywetoPtQErGe@b@@ﬁ?ﬁntﬁh@ eithe daveniiiep, eackenyl, or
bt PR TR, S Ny R ot B B L B0 008 o
di al kyl am beondsukatht vtfedk; oandnBubist idut®dis N; and Rs is phenyl

substituted with R,; and R, 1s cyano.

[0020] In some embodiments of the invention, each of Ry

and Ry is independently C,-4 alkyl; Rz is hydrogen; Ry is a

15 single bond; each of X; and X, is O0; and X3 is N; and Rs is

s

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

20 (a) Ci-¢ alkyl, Cz¢ alkenyl, or Cz-s 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 amino,
monoalkylamino, dialkylamino, substituted or unsubstituted

25 heterocyclylaminocarbonyl,

(amino) (Rp) acylhydrazinylcarbonyl-,
(amino) (Ry) acyloxycarboxy-,
(hydroxy) (carboalkoxy)alkylcarbamoyl, acyloxy, aldehydo,

alkenylsulfonylamino, alkoxy, alkoxycarbonyl,



25 heterocycl yl am nocar bonyl, (am no) (Rb) acyl hydr azi nyl carbonyl -, (am no,)
(Rb) acyl oxycarboxy-, (hydroxy) (carboal koxy) al kyl car banoyl , acyl oxy,

al dehydo,woaBkessyé | sul . f onyl am no, al koxy, al koxycarb, onyPCTRWSIO 6305666
PCT/ US03/ 18695 - 14 al kyl am noal kyl anmj po, di al kyl anm noal kyl ani no,
al kyl phosphono, al kyl sul fonyl am no, carpbanoyl, Rb-, Rb- al koxy-,

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

di al kyl ani pgadkyskamioaq kydisaikd, plasahgneninoaalkgdlakingyl f onyl ani no,
het er ocycl yl al kyl am no, heteracycl yl carbanoyl, hydroxy,

hydr oxyal kASHiPHpPRaaa, ald%%ﬁ%%é?é%@%ﬁ@no,cas%’&gm&lut &t~ or Re~
unsubsti t ut ral kyl am sti o] [

aryl car box§/a§1 Oo yéalr%o%g?(??gﬁ%gtgi fu%g%ﬁgf E%gﬁﬁg?lﬁ %%gggggoyl'

het er oar y| sudflomtlkartiamd ncs ulssitaltytledh ioro aldgpllastintut eld a Uketlehospdioylo,

t hi ocarbanoyl.,, and.trifl uoronethyl; and b), (al-koxycarbonyl)

ar al kyl capgérjr&ﬂiky&lsd’é‘l‘ﬁ?@é’,laﬁ}lﬁ@io}v%eéﬁ%&ﬁg}lyslﬁllﬁqgn HUMi%o,  al koxy,

al koxycar betero Kyl 1camRY1, AWBOKGAr BgmHoaRiandky1Em] fonylamino,

al koxycar bonyl al kyl am no, al kyl sul f onyl am no, al kyl sul forayl oxy, am no,

ani noal ky| &zaiTiéyioeaibBRRRIONC afRSHIGHTES Bamppsudstitute

Zm Rgg;lé?/g%%ia%rk&ﬁ%&:%{??: %b%ﬁi%n{?ﬁ ,unsélrkr)isr?oigyglegal kyl car banoyl ,

ar al koxy carshgniydaanivioxy,a 124 :arod divetngrlo ¢ yealbyit 1 tartyldoxy, varsydbsuliftorngdam no,

oy s fonylgr AL Eabonyl S SO0l Kot Ta st o

Rb- al kyl carRamyceyc1 R0 Al sHdemyll, aRer &l yrsidHoarydhani;nand

Rb- al kyl t hi o, Rbc¥5 het er ocycl yl car bonyl , am noal kyl am_nocar bonyl ,

di al kyl ani noal kyPam (@d koxivgardanidalaid &rilee roepeyd, aldehydo,
alkenoxy, alkenylsulfonylamino, alkoxy, alkoxycarbonyl,
alkylcarbamoyl, alkoxycarbonylamino,

15 alkoxycarbonylalkylamino, alkylsulfonylamino,
alkylsulfonyloxy, amino, aminoalkylaralkylcarbamoyl,
aminoalkylcarbamoyl, aminoalkylheterocyclylalkylcarbamoyl,
aminocycloalkylalkylcycloalkylcarbamoyl,
aminocycloalkylcarbamoyl, aralkoxycarbonylamino,

20 arylheterocyclyl, aryloxy, arylsulfonylamino,
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-—

25 heterocyclylcarbonyl, aminocalkylaminocarbonyl,
dialkylaminoalkylamino, alkylaminoalkylamino, cyano,
cycloalkylamino, dialkylaminoalkylcarbamoyl, halogen,
heterocyclylalkylamino, hydroxy, oximino, phosphate,
substituted or unsubstituted aralkylamino, substituted or

30 unsubstituted heterocyclyl, substituted or unsubstituted
heterocyclylsulfonylamino, sulfoxyacylamino, and

thiocarbamoyl.



cycl oal kyl am no, di al kyl am noal kyl car banoyl , hal ogen,

het erocycl yl al kyl am no, hydroxy, oxim no, phosphate, substituted or
unsubst i twDed/1e¥ed Kyl am no, substituted or 30 unsubstitut @dThso@isseycl yl ,
substituted or unsubstituted heterocyclyl sulfonylam no, sulfoxyacyl am no,
and thiocarbanpoyl. WO 03/105666 PCT/USG3/ 18695 - 15 [ 0021] In anot her
enbodi nent of the invention, each of Rl and R2 is C2 4 alkyl; R3 is

hydrogen; R4obsja singl anbendr cedehifbn¥ o@ndh¥2ihgcBriangd X3chsol;, and RS
is 5 wherein sald RS is either unsubstituted or substituted with one or
nore Ra grBupsnddReditedfr crhlHe drolp BBASPIERAgRi0ES 2a51091% BPRSYI or

C2_ 6 alkenglbhe?%hxpfaxgi r|£§(%yqﬁl §gi&gtﬁg ghdsgpsiétuted with one or
nore substituents “10%seletted Tromthé group consi Sting of am no,
nonoal kyl anmsno, di al kyl am no, substituted or unsubstituted

het er ocycl i nocar bonyl, substituted or unsubstituted heterocyclyl, Rb-,
and Rb-al koxy-§ and (b) al koxycarbonyl al kyl am no, Rb-al koxy-, cyano, 15
substituted or[\unsubstituted heterocyclyl, and hydroxy. [0022] In another
enbodi nment Rl and R2 is C2_4 alkyl; R3 is hydrogen; R4 is a single
bond; each nd X2 is 0; and X3 is N, and RS is ; and 20 wherein said
R5 is either unsubstituted or substituted with one or nore Ra groups

sel ectgd freerbhe guOUPRGONS 61tREr OfinsRPsbi@hkyd dhasubstsubsédtwied with
one or nore substituents selected fromthe group consisting, of, am no,
monoal kyl aRPRoCTaRardi BekJFanPhoSelerbad 105886t PETITRAR/ 488955 E1ng 6

of:
(a) Ci-g alkyl or Cs.¢ 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
heterocyclyl, Rp—, and Rp-alkoxy-; and
(b) alkoxycarbonylalkylamino, Rp-alkoxy-, cyano,
15 substituted or unsubstituted heterocyclyl, and hydroxy.
[0022] In another embodiment each of Ry and Ry is Cyoy
alkyl; Rs is hydrogen; Ry is a single bond; each of X; and

X, is 0; and X3 is N; and Rs 1is

S

; and
20 wherein said Rs is either unsubstituted or substituted with
one or more R, groups selected from the group consisting of
Co_s5 alkyl that is substituted with one or more
substituents selected from the group consisting of amino,

monoalkylamino, and dialkylamino.



[0023] In sone enbodi nents of the invention, each of RL and R2 is CZ g
alkyl; R3 is hydrogen; R4 is a single bond; each of XI and X2 is 0; X3 is
N, and RowDI350asberein said R5 is either unsubstituted or Pewhsoi/issped wth
one or nore Ra groups selected fromthe group consisting of: (a) CL 6

al kyl, C2_6 alkenyl, or C2_6 al kynyl+ Wherein said alkyl, alkenyl, or

al kynyl group is each either 10 unsubstituted or substituted with one or

nore subst ts | ect ed fro t he S :

nonoal kyl a Hrﬂtq 1 i al ¥y R SR snferft% egﬂp L%)é]unis é@%éj{ e?ﬂé}? of R

het er ocycIayﬂcarﬁzngcgarcqu;mall,kﬁanmoig Rhyaeybbydrrzi iyl £ as bonyd -hondbs

(am no) ( Rb) acyl oxycar box . _(hydroxy) (car boal kox al kyl car banoyl, acyl oxy,
al dehydo, eaeqme?@|>§u|am§n§qzahﬁn8 Xt Koky'7 A onyi ,

al kyl am noal kyl am no, di al kyl am noal kyl am no, aI kyl phosphono,

al kyl sul f onyl/@m no, carbanoyl, Rb-, Rb 20 al koxy-, Rb-al kyl am no-, cyano,

cyanoal kyl c yl, cycl oal kyl am no, di al kyl phosphono,
hal oal kyl s | am no, heterocyclyl al kyl am no, heterocyclyl car banoyl,
hydr oxy, ) roxyalkylsulfonylanlno oxi mi no, phosphono, substituted or

unsubstituted aral kyl ami no, substituted or 25 unsubstituted
aryl cab boxytes ke ceabdrigd 155 etidthietru tieg Udrs t iwdeiss o Pt ituted with

het | sul f I bstit t t I,
Ui acar barfByf SREET i (07 Bl R SO (ke Bl 0

ar al kyl carcb@noyl al dehydo, 30 al kenoxy, al kenyl sul fonyl am no, al koxy,
al koxycar bonyl , V\D 03/ 105666 PCT/ US03/ 18695 - al kyl car banoy| ,
al koxycar bony| afdhoG1- eaqik]éx];/ca@ia@r%/l]ﬁwran?%oc? al KLY E onyPERT 0,

said alkyl, alkenyl, or alkynyl group is each either

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, dialkylaminoalkylamino,
alkylphosphono, alkylsulfonylamino, carbamoyl, Re-, Rp—

20 alkoxy—-, Rp—alkylamino-, cyano, cyanoalkylcarbamoyl,
cycloalkylamino, dialkylphosphono, haloalkylsulfonylamino,
heterocyclylalkylamino, heterocyclylcarbamoyl, hydroxy,
hydroxyalkylsulfonylamino, oximino, phosphono, substituted
or unsubstituted aralkylamino, substituted or

25 unsubstituted arylcarboxyalkoxycarbonyl, substituted or
unsubstituted heterocarylsulfonylamino, substituted or
unsubstituted heterocyclyl, thiocarbamoyl, and
trifluoromethyl; and

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



al kyl sul fonyl oxy, am no, am noal kyl aral kyl car banoyl, am noal kyl car banoyl ,
am noal kyl het erocycl yl al kyl carbanoyl, 5

am nocyclwelokydzambkyl cycl oal kyl car banmoyl, am nocycl oal kyl earhsn®yd69s

ar al koxycar bonyl am no, aryl heterocyclyl, aryloxy, aryl sulfonyl am no,

aryl sul fonyl oxy, carbamoyl, carbonyl,” Rol ,~ Rb-al koxy-, Rb- alkylthio-,

Rb- al kyl (al kyl) am no-, Rb 10 al kyl (al kyl ) car banoyl -, Rb-al kyl am no-,

Rb- al kyl car. |- al kyl,sul | salkyl sul fonyl ami no,

Rb- al kyl t hﬁg?{%—arﬁgf@&&yc ﬁ%ﬁ%@%}%?%&ﬂlﬂg&il kyl am nocar bonyl ,

di al kyl am md&lckylcamioon,y lal lkyllaminoal keylkadismd fomydrminosycl oal kyl am no,

di al kyl am nqal kyl ba | , hal.ogen, 15 heterocycl yl.al kyl am no, hydroxy,

oxi mi no, pﬁ‘ggﬁﬁéﬂl@%roné’g‘t%ﬁ’t Gedor aﬂﬁ?ﬁﬁ?‘?ﬁytlﬁt%g%rléﬁ agr%yrqd, substituted
or unsubstidiwed ateneereIwl,, asdbskillkiylee teirddysulatiltyted rbamoyl,

het erocycl yl sul fonyl am no, sul foxyacyl am no, and thiocarbanoyl. 20 [0024]
I n othér erbddioryeleadfknlite hydeastiosd kyégeFPemoRl, and R2 is C2 4 alkyl; R3

i s hydrogen;. . i ingl 1 € f i - X3 is N R5 i
and \%/\hergi %mégf‘l’&y%%%iaé%C%éiﬁ’%%%é’&ﬁs%%?&?{é)ﬁ]&a%gu sta%?tﬁllgéd W Itﬁ one orI >

nore Ra gr aupd hetleeoioga ifrlgmatryd ox?5 grrgup uddiesiysStamigoef © (a) Cl_6 al kyl or
C2 6 al kenyl, _each of which is  unsybstituted._or substituted with one or
mor e subst PEYERYY L O0EHYad FrERTEH 'gtc&l]fléo(’ilé’r]rsi &an{b"ﬁg]}rﬁ ), ! rhb*

nonoal Kyl agiing, +¢i:d-Kylraohne, 1 $4bey i § shedool mpsubstituted WO 03/ 105666
PCT/ US03/ 1869 - 18 heterocyclyl am nocarbonyl, substituted or
unsubdi t ueddylHetldryddyanpamod—, &adaRbyaprdR9-; Breh¥lpylcarbamoyl-,

al koxycar bany gl kyLaying, F- ALk o VAN arttRS! 1 4.MLAT RS UL ut ed
heterocyclylcarbonyl, aminoalkylaminocarbonyl,
dialkylaminoalkylamino, alkylaminoalkylamino, cyano,
cycloalkylamino, dialkylaminocalkylcarbamoyl, halogen,

15 heterocyclylalkylamino, 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; Rz is hydrogen; R4 is a single bond;

each of ¥X; and X, is 0; X3 is N; Rgs is

e ; and wherein said Rs is either unsubstituted or

substituted with one or more R, groups selected from the
25 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 amino,

monoalkylamino, dialkylamino, substituted or unsubstituted



5 [0025] In yet another enbodiment of the invention, each of Rl and R2 is
C2 4 alkyl; R3 is hydrogen; R4 is a single bond; each of X1 and X2 is O;
X3 is N, Wbomaoskeand wherein said R5 is either unsubstitutPed/usn3/18695
substituted with one or nore Ra groups selected fromthe 10 group
consisting of: (a) Cl_4 alkyl or C2_4 dBkenyl, each of which is
unsubstituted or substituted with one or nore substituents selected from

t he group l.stin ] oa ] dj,al LPO;: yBuhstituted
or unsubstﬁ%gggac¥ggﬁg%g?g%§§ §?§¥$hoég¥%g%§€?egu%gt??%gggggruunsubstituted
het er ocycl yéteandyBby]l, arg- [ BnRR@kkdogy-andnsiubst i t ut ed heterocycl yl .

[0026] In sonme enbodinents of the jpvention, each of R1 and R2 is propyl;
R3 is hydrogen; (R4 pLkgx¥FragPeny ﬁQQYEBm?EO'Zgbﬁ£% Y supsfitUt ed with one

or nore Ra gfLQUPEyt8H _oWﬂﬁﬁ§th§§£Qt@aCMété§o@%glpiL;:ygh&jChga@upyls ei t her
unsubstituted or substituted with one or nore groups; and 25 Ra is

sel ect bd fL882Bhe gr dupyednangthay embodimgptcefsthy| kpvenpior, 2each
a.l.kenyl,, _.egch_o i.ch s Qsti tute stit ut j e or nore
substi t uen?g %\b ‘Héé 1%2&@6 dﬁﬁﬁ%%%%/’l?é@gg g§8£géggét§a%sregamv%%§%]oup

consi sti nghehdaneaeh offomeadrky|%nisoO;diXal kyl Hm BRe,isubstituted or
unsubstituted heterocyclylam nocarbonyl, Rb-, Rb-al koxy-, and substituted

or unsubstituyed heterocyclyl; and 5 (b) al koxycarbonyl al kyl am no, cyano,
and hydr oxy; ch of X1 and X2 is O0; and X3 is N

T ; and wherein said Rs is either unsubstituted or
substituted with one or more R, groups selected from the
10 group consisting of:

(a) Ci-s alkyl or Cy-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 unsubstituted

15 heterocyclylaminocarbonyl, substituted or unsubstituted
heterocyclyl, and Rp-; and

(b) Rp—alkoxy- and substituted heterocyclyl.

[0026] In some embodiments of the invention, each of R;
and Ry, is propyl; Rs is hydrogen; R; is a single bond; Rs is

20 phenyl substituted with one or more R, groups,

S

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

unsubstituted or substituted with one or more substituents



[0027] In a preferred enbodi ment, the conpound of formula (1) used in the
nmet hod of this invention is 3-[4- 10

(2, 6-di oxwob33exdbpropyl -2, 3,6, 7-t et rahydro-| H puri n- 8-yl ) PCT/US03/18695

bi cyclo[2.2. 2] oct-1-yl]-propionic acid. [0028] In some embodi ments, the A2b
adenosi ne receptor antagonist is adm APstered to a human. [0029] In sone
enbodi nents, the A2b adenosi ne receptor 15 antagoni st used in the nethod
of this in [ I t ogel tdr agphds jaceutical ly suitable
carrier %@i@&@ %rﬁ%%%&??%éf%iﬂ%ccept£%§%m%ag%os|t|on [0030] The
|nvent|on m@n@&Bkylamrnérmdiakkﬂlmmﬁnwﬁ syt e ad ngn el Yorecdn

i schem ¢ event or i n .20 i mc _eve i,S | e s of
i schemic e@%B?EOCYﬂ%YighF%& ihgf s&ﬁd?ﬂkox¥| ggh§|%8bﬁ§§§g?§§m
infarction), StiQKStiOhead ﬁé@@ﬁ@&@@l ;q&ndkldney i schem a, shock, and

organ transpl antation surgery. 0031] In sonme enbodi ments, the nethod of

this 25 inventi én) |ﬁtk@@@@a%@9@ 3} EY 1 HELRPe PPN AR REIFRELRHt or

ant agoni st hj befgre gy after the ischemc event. In another
enbodlnenteg%% oF @Iug % gnlnlsterlng t he A2b adenosi ne receptor

ant agoni stxyitdinn tmo days after the ischemc event. 30 [0032] In sone
enbodi nent s

t he compound used in,th t hods f th tien exhibits an
affinity fbP0 %E]Aan?%d%h%g?ﬁ rrede e%?d%%%? is a? ? ?Mﬁg #gld gr eat er
than the féLmﬂhgyéﬁpruégdﬁiﬁ BHENASEREAT 6 ePh DS Dﬂv@ﬂthnVIb03#1®5666
PCT/ US03/ 18695 adenosi ne receptor. I n other enbodi nents the

conpolidd (2e-dhoxhel natbosoRYlthedi fvént bR RVAF Piet HaRAT RTS8~ %h) -
i ny BT SSRGS A Ay (e A0 10 et
receptor. [0028] In some embodiments, the Az, adenosine receptor
antagonist is administered to a human.
[0029] In some embodiments, the Az, adenosine receptor
15 antagonist used in the method of this invention is
formulated together with a pharmaceutically suitable
carrier into a pharmaceutically acceptable composition.
[0030] 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
infarction), stroke, organ transplantation, kidney
ischemia, shock, and organ transplantation surgery.
[0031] In some embodiments, the method of this
25 invention includes administering the Ay, adenosine receptor
antagonist within two days before or after the ischemic
event. TIn another embodiment, the method includes
administering the Aj, 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 Az
adenosine receptor that is at least 10-fold greater than

the affinity for an A, adenosine receptor or an As



[0033] In sone enbodi nents, the conpound used in the nethods of the

i nvention exhibits a Ki value for an A2b adenosi ne receptor which is bel ow
500 nM Iwo®Bhets66 enbodi nents, the conpound used in the nmeChasovisephe 10
invention exhibits a Ki value for an A2b adenosi ne receptor which is bel ow
200 nM [0034] In sone enbodi ments, th&lnvention relates to a nethod of
treating a disease or disorder nediated by activation of an Al b adenosi ne
receptor c isterip : n an

it octive JnBaRt g H2oBEEE Tl B bR PR e b cr T hed ahave [ 0035)
In sone enbedﬂn&ntshetmethndenbfonheehaVestROnafunEhb@de&hibﬁhbtbng tissue

necrosis resulting from an hem c event, in has der gone
an i schem &f §6né§gnﬁoro?nlﬁ1Wﬂ$%WP%ﬁP?s%%%%@%oﬁa%a$£|%S|%51 %%?tuggﬁg an
A2b adenosicBeqr geenter %HhﬁgeﬂéséffEQQ§§]fbﬂ SANR, eEkRdidEMs, the

invention relatés to a mnethod of limting infarction size fol |l ow ng
nyocaralalrepﬁpépgtpénanlﬁzaﬁ@ﬁﬁ@ﬁﬂnQrﬁﬁc¢@@0nndergone nyocardi al 25

adenosi ne 1882300 b1 SPtBeehp ParmeR-ar “Hhe AP RRPANe FBba F e 1

depicts nyméahdda|ofntaéCﬁnSEﬁEldﬁtaxBQbﬁthHpK9t®£bmeIféseanEX@nple 2).
Panel A depicts the risk region size in_the _four_ experinental groups
expressed 89€ROSRBRCECREPRGELBECRNES| BRLOVe SRVt tM1c. 8. OBHREI B depicts
the '”far%&béhiﬁeﬁ%sa EﬁéC@Bﬁ?QQnequE@ khsknkegk@AodPareknhe VWO 03/ 105666
PCT/ US03/ 18695 - depicts the infarct size expressed as a percentage of
the [RLeft vemeni:@be. e@lambnt@ peKl ecabua HPotanfPinbdeopssngereegpressed as
a percentagg theb ; K Esglgg and transnural collateral blood flow
measur ed 39w Aut &8s arter )

[0034] In some embodiments, the invention relates to a

method of treating a disease or disorder mediated by
activation of an Aj, 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

20 event, or in which an ischemic event is imminent using an
Dy, adenosine receptor antagonist.
[0036] In some embodiments, the invention relates to a
method of limiting infarction size following myocardial
infarction, in a mammal that has undergone myocardial

25 infarction, or in which myocardial infarction is imminent

using an A, 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 a
percentage of the left wentricle. Panel B depicts the

infarct size as a percentage of the risk region. Panel C



5 coronary occlusion. [0038] Figure 2 depicts nyocardial infarct size data
fromprotocol Il (See Exanple 3). Panel A depicts the risk region size in
t he four wpeniswsent al groups expressed as a percentage of PCRAISHEIL695
ventricle. For the purposes 10 of cogpgrii son, the control group from
protocol | was also included. Panel B depicts the infarct size as a
percentage of the risk region. Panel C depicts the infarct size expressed
as a percemauectf the drefdrctvesize cd:eprdaaml 43 refdectentaagd odf ofhd nf ar ct

size 15 expressed as a .percentage of the risk regi,on and _transnural
col | ateral p']bef%todv?rl : ’sure%H‘%]O %Wﬁe%cj%ﬁ’ taerp%%tor arF et Ui h. [ 0039]
Figure 3 d%}g@ﬁéss%@(%?écﬂaéeﬁcﬂirﬁfﬁe sbZeata s g etacel 111 (see

Exanpl e 4). Panel A depicts the 20 risk region size in the four
experi nent irProupe lexgarlessearalad o greriait app pirahe3Q efinwiss raffler  Panel

B depicis the A&{gfrocécﬁjgieorgs a percentage of the risk region. Panel C
depicts the I'NTarct size expressed as a percentage of the left ventricle.

Panel D refl®38] a plritgufe ihfdercict L mysd@erdEdqir essed-@s s perdetd age of

the risk region and transmural col |l ateral_blood flow neasured 30 mni nutes
after coroﬁ%ﬁ“y Hn‘cogl%:ﬂ L [ CTAIEEMIS U defidd&! dofFRidiv &N nding of

B39928 on segonhigant fuwean Avpdenasi ne.J8ceRii=S RIS ANES 8% 80 9
menbrane protein) made from HEK 293 cells stably expressing human Al

adenosi ne rateptimrsendage M bhedilet ity want {i3H]je .- DRCRX, thenduwamod awy
V0 03/ Tos668 BETFIaR Taedee Cup il U Anl i el e e diase. for
2.5 hours aindi@ed.Norrsperdi B cdyinding:hwas neasiy ed 4en dhes presence of 10 M
percentage of the risk region. Panel C depicts the
infarct size expressed as a pércentage of the left
ventricle. Panel D reflects a plot of infarct size
15 expressed as a percentage of the risk region and
transmural 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 depicts
the infarct size as a percentage of the risk region.
Panel C depicts 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 flow 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 [®H]-DPCPX, and varying concentrations of

BG9928 were incubated in triplicate in 0.1 ml buffer HE



NECA. Bi ndi ng assays were termnated by filtration. (N=1). 5 [0041] Figure
5 depicts conpetitive binding of B&®928 on reconbi nant hunman Al a adenosi ne
r ecept or swoNBmrisaes (50 g nmenbrane portein) nade from HEKTAS83/cs8b3 s
stably expressing human A2a adenosi nenéfcept ors, 1.16 nMradioligand

[ 3H] - ZM241385 and varyi ng concentratio 10 BC59928 were incubated in
triplicate in 0.1 m buffer HE plus 2 units/nL adenosi ne deam nase for 2.5

hours at 21G.,5 Nongped firc ateié?fysrl%ew@%aﬂﬁ%%%rée@drn oLl prasenge ,akc10 gM
XAC. Binding assays were termnated by filtration. (N=1). [0042] Figure 6

depi cts conpetsgdaie ik mdintg ref WBE0%2B sk eah ihe corbiptatie fusait Alb iadenosi ne
receptors. Menbranes (40-70 g nenbrane protein) made from HEK 293 cells
stably eerEé'é*m nPHetondi RaFh Y hunRFe A MY riebkEpfaFLon30- 40nM
radi ol i gand ZWMP41385, and varying concentrations of B@928 were

i ncubat ed |n t|)| plicate in 0.1 m buffer HE 20 plus 2 units/nL adenosine
deani ndse f[c0r042L]5 houtigyuate 21 dep iNdrss peoipkitd thivedibigdiay mEafE&@E28 n t he
presence of 10 NECA.  Bi ndi ng assa%s were termnated b |Itrat| on.

f
b S Rl s e g Gl TS Bl HOPf Bt o AT 2 e
recombi nant, WW&%@%&%@O or}%erl%e rsfr%mw@@%%qlsfr&@bm 293

cells stably expressi ng reconbi nant hunman A3 adenosine receptors (50 g
menbr ane preocl;mm)simgjlrﬁmfam YL azcaasltn@durgamcbcﬁéﬁl&bﬁsABH\E&:Anhel t her al one,

with 10 M I B- werelncubatedlnt,rl licate in 0.1
50 i buf f dEe Toeech H AR L ARanoSn NS GEARF nSBERBF <3 tO0B 05 105666
PCT/ USQB/ 182325 w3 e ﬁ%u‘ba%te@a% t@l@'l@ﬁtt@ssjﬁly@.\@ﬁtﬁ. teiffdiated by
filtration. (N=2). [0044] Figure 8 depicts FLIPR assay of BG928 with

plus 2 units/mL adenosine deaminase for 2.5 hours at 21°C.

Nonspecific binding was measured in the presence of 10 puM
XAC, Binding assays were terminated by filtration. (N=1).
[0042] Figure 6 depicts competitive binding of BG9928
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 [’H]-2M241385, and varying concentrations
of BG9928 were incubated in triplicate in 0.1 ml buffer HE

20 plus 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 A; adenosine receptors. Membranes made

from HEK 293 cells stably expressing recombinant human Az

adenosine receptors (50 pg membrane protein) and 0.12 nM

radioligand ['*®I]-AB-MECA either alone, with 10 pM IB-MECA

or with 10 puM BG9928 were incubated in triplicate in 0.1

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



reconbi nant human A,, adenosi ne receptors stably expressed 5 in CHO Kl
cells. FLIPR assays neasuring the response of CHO K1 cells expressing
reconbi nawO obuesene Al adenosi ne receptors to increasing cEQTASDI/a6PDNS Of
agoni st (CPA) (top graph), and to determne the 1C50 (concentration at
whi ch a 50% of response was obt ai ned)‘a%%i Then KB values 10 for the

ant agoni st B3928 at a fixed agoni st concentration (200 nM CPA) using the

nul I met ho t reaph) Ei e epi ELI PR, assay of B(2928
W th reco%%é%g%ltaqﬂ]u%a?'AZloBl[gglgﬁ] siarsléngy%cg% %rge(sf gé‘ﬁbteéjxé’ essed in
HEK- 293 celfisltfHiRR as@ays) measuri ng the response of 15 HEK-293 cells

stably expressjng reconbi na una adenosi ne receptors to.increasing
concentrati @qspsiﬁf t hgl%?itélimé%@%%& Gth) ,O%_ 1% Yetidthi ne 1 50
(the conceddatdioat Miah %@%b@&ﬁ@@ﬁ&@%&@t aicned), axdrokhey KB

val ues for the antagonist B&928 at a fixed agonist 20 concentration (5 gM
NECA) usi ng-mdHOEY el Ybot tim PRyrasgsia)ys [eodBiriFiqyurtee e stapist LI PR

assay of BGIQL Wi e i hant A2h adenosi ne, receptaor.s stably
expressed 1n EEK-(IQ%BI%e%@éﬁqﬁ?@}@gnfslnﬁng%ﬁﬁmﬁft ea]‘jre ceitom of 25
control respeess absafyethovddsilly dGerantt S3AhNMBE@BIG st n(d#ES- 293 cel |'s
expressing rat Al b adenosine receptors in_ the presence of increasing
concentrat i it A addift t° INEERL NG dhegriish) (CaRecBbEebaPYrabh is a

Schild analysic 0fsdhe datasfyresented dot L d)OR A apten 39 Y01035105666
PCT/ US03/ 18695 - 24 Detailed Description of the Invention [0047] Unless

ot herwike defd rié aaltagachati RE9 % atsal dritiefd adoering usedtdeneitidrave t he
sane neani n&o%smfmnll}lsi%%decrhset %%qlb%e%%%d()f(b%rtdciorr]nar rasplil)l_l inthe art to

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

15 HEK-293 cells stably expressing recombinant human A
adenosine 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 Kz values for the antagonist BG29928 at a fixed agonist

20 concentration (5 puM NECA) using null method (bottom
graph) .
[0046] Figure 10 depicts FLIPR assay of BG9928 with
recombinant human Aj;, 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 A, adenosine receptors in
the presence of increasing concentrations of the agonist
(NECA) (top graph). The bottom graph is a Schildvanalysis
of the data presented in the top graph.

30



5 which this invention belongs. Al though nethods and nmaterials simlar or
equi val ent to those described herein can be used in the practice or

testi ng owotohaopsesent invention, suitable materials andPoEiUusosiss6o3 e
described below Al publications, patent applications, patents, 10 and
ot her references nentioned herein are i4fcorporated by reference in their
entirety. In addition, the materials, nethods, and exanples are

|IIustratlbgtg@hgdaﬁgs%&q Qton b&t%ﬂ@ean%anohlnltlng [ 0048] Thr oughout
t he specif rCarrUn——rhE—mU#gi—tﬁ—*cvnprrse*“ur—var|atlons such as

"conpri ses' oei7]" COMphSsRy o tWerlyiRe Wa¢enhekood 160 tid@plny. Jahie ahacl usi on of a
stated integer or groups of integer but not fhe “excl usi on of any ot her

i ntegers 050950@p§l@ft@ﬁU@g@ﬁ§d hp@@AQ]hAyeu§@@ h@m@ meaadngakleyl " group is
a saturated 20 aalphatlc hy %p arbon gro kxélgroup ¢an b% stralght
or branched ™ BR4 1 dakPRSTE " &x aMpl Fg&Pfrgo FBorr gt 8t i

chai n. sExapphies ehist Havehiichabaloakkyl gneuwpsghneélettedsbuhdare not
limted to, ethyl and butyl. Examples of branched al kyl groups include,

but are 25MASETLRASt 6dMd 2T SBpLOP}VaARE Tt LBULPSeAR eIk e&rgﬁﬁeﬁﬁy be

optional I'y sybgLi ,uted ;Wi th 0 %%a%Elggr%rs%Q§E'FgeBksgh%U%Q «&8ndl koxy,

am no, nitro, carboxy, carboalkox cyano roxy, nercaptyl,
tr|haIonethyWsHSmbhoxyulaabl@ambaﬂmyblsS@nﬁO@E@hoﬁs ased desceiilbedan

"alkenyl" r pha i.c_carbon rou as at one doubl e
bond. an SeTRPeny g B A T8 Sr 1 BRGRLEOPBBLARCHAES aRA CEBLA" have T or
exanpue, féﬁﬁ13th@r6r@&é@@&c@%oméntmoﬁe@hﬁbﬁeéﬁdaﬂ@ Q%bb@%@@@ted by

PCT/ US03/ 18695 - 25 1 or 2 double bonds. Exanpl es of al kenyl groups

include, BefegPBCROLN ithicLEd SNE1rgLyyl 5ﬁdaﬁ§é§#@ﬁy|thAnmatﬁéﬁﬁﬂs,

methods, and examples are illustrative only and are not
intended to be limiting.
[0048] Throughout the specification, the word

15 "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 groups of integers.
[0049] As used herein, an "alkyl" group is a saturated

20 aliphatic hydrocarbon group. An alkyl group can be
straight or branched, and can have, for example, from 1 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

25 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,
halo, hydroxy, mercaptyl, trihalomethyl, sulfoxy, or
carbamoyl.

30 [00501] 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 a chain and



group may be optionally substituted with one or nore substituents such as
al koxy, am no, nitro, carboxy, 5 carboal koxy, cyano, hal o, hydroxy,

mer capt ylwo nodeed onet hyl , sul foxy, or carbanoyl. [0051] ARETUSes 1483 ei n, an
"al kynyl" group is an aliphatic carbon group that has at |east one triple
bond. An al kynyl group can be strai ght2gr‘branched, and can 10 have, for
exanple, from3 to 6 carbon atons in a chain and 1 to 2 triple bonds.

Exanpl es of i nel ing A rgyl and
mp 1 %{W o 1R AJE! Y@ 1R ﬁ%%@l‘ {alﬁog%s;m AnPARRA' 9Y

butynyl . An al kyny group may be opti onal one ‘or nore
substi t uentsitswate asotal kioxiyt,edartiono,aldivtlr gnccardmpasnyls carbedldenwyl, cyano,

hal o, hydroxy, nercaptyl, . tri | onet hyl., sul f ox or carbanoyl. [0052] As
Laeq oy of @96y R0 e g dnal 1y T s o8] Gy O SRR - 10052
derivative dutyecfuerft s gt idut8kosdf,Y lamiHOUR it AN AHo:gr,oup that is

substituted with one 20 or nore substituents such as al kyl, al koxy, am no,
nitro, 2 cardgsgpaldrbbal RHOL, Apdito, hatdapxam mescaditaileyl ami no, hal o,

hyd ., hydr. I |, trihal oal kyl,
ydr oxy gﬁirqusg% Oxyl,{ylnersqﬁ%%g%yﬁj-rk%%g%r W ri hal oal ky

car boxyal k ar ca used herein, an "aral kyl "
group is af0snll 23R gruagd theateiirs surbsStalttred "Widdougn igr yn group. An
exanple of an_aral kyl group is benzyl. [0054]. As used her.ei

“cycl oal ky PRI G LaPOm 95 a5 AFSorRT HEESEx &R5 é;,r:@JPeb bg’%éjar bon

atoms.  ExapplLscofy CHH Q) Iotn HOURS JiRHUAE BHERMNRRY larfN 230
cycl ohexyl . [005@] As used herein, an "acyl" group is a straight or

brancHéd , &akd,- ¢ Q=@xangrougron 8 fior iy lcariasuptomeamyl @ chefina@yld gr oups
ncl ude al kanoyl, A% (s, MR DRI LST I HRAHAT09S -

but are not limited to, propargyl and butynyl. 2An 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.
[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 more substituents such as alkyl, alkoxy, amino, nitro,
carboxy, carboalkoxy, cyano, alkylamino, dialkylamino,
halo, hydroxy, hydroxyalkyl, mercaptyl, alkylmercaptyl,
trihaloalkyl, carboxyalkyl, sulfoxy, or carbamoyl.
[0053] As used herein, an "aralkyl" group is an alkyl

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 formyl group. Examples

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



1 to 6 carbon atons in the al kyl group). Acetyl and pivaloyl are exanples
of acyl groups. Acyl groups nmay be substituted or unsubstituted. [0056] As
used her eWwp,03a0566@r bamoyl " group is a group 5 having theP€STsod/ 1865

H2N- C02-. "Al kyl carbanoyl” and "di al kyl carbanoyl " refer to carbanoyl
groups in which the nitrogen has one @b two al kyl groups attached in place
of the hydrogens, respectively. By anal ogy, "aryl carbanmyl" and
"aryl al kyl car ba | " groups._in¢clu a I in ace.of one of the
hydr ogens gné? ggg?ﬁggpaﬁt Pscégegﬁgnglg$¥yggé§g8b i%&%Fg%eggg t he second
hydrogen. [@087byAsausedxhapees, o8 adcgalboxylipsgr opyilsgaocupsOikygbeup.
[0058] As used herein, an "al koxy" group is an al kyl-0- 15 group in which
"al kyl " i ssubspiEvtedsPy H8sEPFbeBUtEB059] As used herein, an "al koxyal kyl "
group is a yl grQu kquskyrdg hBedr wi-bhpaiBydr ggenp repl aced
by an alkozgogkgup, %g gfgéigﬁg%%ﬁaeécr?bzgémg 006%% Ag used eran, a

"hal ogén" bavihgl dhegsoupcitsr20HpNuGPpne, EALbylaerbbmomifieadd i odi ne.

[ 0061] As used herein, a "heterocyclyl"” group is a 5 to, about_ 10 nenbered
ring struct'dielkyhcatpenoyad spLasrECOFATPRBOHLOAECNRSt BB FRAGRI §&n
element ot Ref baN RASPRA. of 8yo Mikh: SrofioBehetaenctytndpouRecaR he
aromatic or 25 on-aromatic, i.e., can bé saturated, or can be partially

or fully unhat hydtredendn aespaticvbéyer oBychyphlgogup "auylcakbembgli'ef erred
to as a "heterogaryl" group. 'Exagples of heteracyclyl oups..in¢lude
pyridyl , iﬁpéaz8F§P?lgyﬁgﬁfpﬁmoyﬂﬁeﬁ§99pfh?ﬁ?ngﬁ,aFe?F&Ry@?SPBr%HyI,
tetrahydropycaaybs o3@ ©Br Rhel hpnkogbRAk0RREPhOh. tRYI lakRdel ¥hsel ndal i nyl,

i soi ndolinyl, piperidinyl, pyrimdinyl, piperazinyl, i.soxazolyl,

i : soxazol i 2dkgyl greepr 4azelplce, odndhebergPrfdRzBIFPEEN -
[0057] As used herein, a "carboxyl" group is a —-COOH
group.
[0058] As used herein, an "alkoxy" group is an alkyl-O-

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 hydrogen

replaced by an alkoxy group, as previously described.

[0060] As used herein, a "halogen" or "halo" group is
20 fluorine, chlorine, bromine or iodine.
[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 heterocyclyl group 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 "heteroaryl" group. ‘Examples of
heterocyclyl groups include pyridyl, imidazolyl, furanyl,
thienyl, thiazolyl, tetrahydrofuranyl, tetrahydropyranyl,

30 morpholinyl, thiomorpholinyl, indolyl, indolinyl,
isoindolinyl, piperidinyl, pyrimidinyl, piperazinyl,
isoxazolyl, isoxazolidinyl, tetrazolyl, and

benzimidazolyl.



WO 03/105666 PCT/US03/18695 27 [0062] As used herein, a "substituted

het erocyclyl™ group is a heterocyclyl group wherein one or nore hydrogens

are repl awed3hyseswbsti tuents such as al koxy, al kyl am no, pdiraiSkyissns no,

car bal koxy, carbanmoyl, carboxyl, 5 cyano, hal o, trihal onmethyl, hydroxy,

carbonyl,  thiocarbonyl, hydr oxyal kyl= c&7 mitro. [0063] As used herein, a
"hydr oxyal kyl " neans an aIkyI group substituted by a hydroxy group. [0064]

ps used hergiraja * syl anayl o gLaup has he. 1084 ki SionaN2.

Alkylsulfannyl yl'sul famoyl ™ refer to sul famyl” groups in which
t he nitrogenupas sore km*tetnmmllly;ll ggmppszh&h:te&m@ahel erpage of the

hydr ogens, .respectively. By _analo r ul f nDyI and
"aryIaIkyI?@ﬁﬁQﬁﬁﬂs'a&%b&ﬁélﬁﬁépugé'éﬁg %ﬁ% 0 SUTR 8Sp Q%S one of the
hydrogens and.iiahithke |&Ltat1¢<@1%a§%o araar%laﬂmlox@r,owrbanquce @frddxe1second
hydr ogen. [008% As used herein, an "antagonist" is a nolecule that binds
to a récepKBMHMMdIhﬂhpraéﬁn@aﬂpm@t@Wé,r@@dﬁpéﬁ carbediyget es with t he

endogenous | i. and faor th| i i d, thus, reduces the ability
of t he endgé'noﬁgbqn @d@o ghﬂ%lat8§t E'itr%g’ceptor [ 0066] As used herein

"select|w®0$mqagommﬁ. usiesl &@redmt, agofhytd rivlkat Hkyids means speeilfkiyd subt ype
of adenosine receptor, with higher afflnlgy than to other subtypes. An 25
" A2b selec@T@épaﬁﬁﬁﬁﬁﬁﬁ§keda?yuée@yﬁépéﬁn *®Y%n ant agoni st havi ng hi gh

affinity fqooddh recept %rs%da'ﬂ@rlé%%(,a)a nanarakak 1 "bigadiupg Hafd ithd y for the
A2b receptor subtype and (b) at least 10 tinmes, nore preferably 50 tines,

and mi$t prefetaldey 0@ nikes, Jrddyesudffeineivly fod the Al b subtype 30

than for Al a and A3 r,eceptor subtypes. The Al b selective antagonlst may
opti onal | y "Kédpe karlsylifapore’ ERéeA tred¥ptigroyl groups in which

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 group 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
ligand to stimulate the receptor.
[0066] As used herein, a "selective antagonist" is an
antagonist that binds to a specific subtype of adenosine
receptor with higher affinity than to other subtypes. An
25 "Ry, selective antagonist" as used herein is an antagonist
having high affinity for Az, 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 A, and A3 receptor subtypes. The Ay, selective
antagonist may optionally have affinity for the A; receptor
subtype and have (a) nanomolar binding affinity for the 2Ag

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



, Subtype ,and have (a~ n:anonola.r binding affinity for the Al receptor
subtype and (b) at least 10 tines, nore WO 03/ 105666 PCT/ US03/18695 - 28
pr ef er ablwo0%6/1036nes, and nost preferably 100 tines, greatremr/ushy/igepiy for
the A, subtype than for Ala and A3 receptor subtypes. [0067] As used
herein, "infarction" neans |ocalized 5 “tecrosis resulting fromobstruction
of the blood supply to a tissue (e.g., mycardium . [0068] As used herein,
"ischenia" ,0eaAs 80 BadeqHate ahboREssUPRLYefebloulADI @ajeto a | ocal area
(i.e., orggn or tisSsue) due to bl ockage of the blood vessels to the area.
110 | schenyacanelruddsivohyl doe t8esati oL BYP®| Borl f f oW Ard 2N6xPgen del i very
to a tissue as %EII as hégoxia whereby there is a substantial reduction in
oxygen del FEEFPLS §UPFYBs{e. [0069] As used herein "reperfusion” means the
15 restoratfipos79f bl eedukkdwneeedn,o'dafaactiibasuaecah8020caAd zgsled her ei n,
"ischem a reperfusion injury" refers to the in'u%ﬁ tgla Egssue caused by
&r &

i schenPa PECreREd BsudsarPuditon oPESFELTAS uSEd ﬁﬁgp&gbeﬁtically

acceptabl e, .2Q npans an agg%ggdggggqtive in treating or preventing a
condi tion gharagterﬁzeg By an el evated adenosine concentratjon and/ or

i ncreased 46068t vi t st usadehesiens., "LOORERIAS msadshére 1NEHE e R
"patient” ans, an ni nal,, including L ( — unma 25 J0073]
As used hePéPRd BHW&?%ﬁ?%&FF@QPFﬁOQ cggtggﬁg%aéaggggr(gFQEdjgkgﬁt" nmeans a
non-t oxi ¢ gakki®) QfucadjouyarickalgRab fmayehe lada mestserled too the anical |
together with a conpound of this invention, and m@jch d%%§ notcgestroy t he
pharné@o|Oéﬁ@ﬁem%gihﬂc@yd@ﬁep@@p;ete cessation of blood oW an

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 characterized by an elevated adenosine
concentration and/or increased sensitivity to adenosine.
[0072] As used here, the term "patient" means an
animal, including a mammal (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 the
pharmacological activity thereof.

30 [0074] Pharmaceutically acceptable anion salts include
salts of the following acids methanesulfonic,
hydrochloric, hydrobromic, sulfuric, phosphoric, nitric,

benzoic, citric, tartaric, fumaric, maleic, CH3-(CH2)p-



30 [0074] Pharnmaceutically acceptable anion salts include salts of the
foll ow ng acids nethanesul fonic, hydrochloric,, hydrobromcl sulfuric,
phosphor iwQ 0gitossbe€, benzoic, citric, tartaric, fumaric, marase3156H3-( CH2) n
WD 03/ 105666 PCT/US03/18695 - 29 COOH where n is 0-4, HOOC- (CH2) n- COCH
where n is as defined above. [0075] -W&én -sol vent pairs are used, the
rati os of solvents used are volune/volunme (v/v). 5 [0076] Wen the

solubility a solid in a.solv i used ' f.the.solid to the
sol vent iSC8&Ei6ﬁ?F9o?uﬁ§ ?ﬁglv§86f0399?§Pncg§§i%?%%? ghégfgflomjng
abbrevi at i WL L |y throughout the specification: 10 BCA refers to
Bicinchoniﬁ?%lﬁ%?d?bgggQZS refers to 3-[4-(2, 6-dioxo-I, 3-dipropyl -

2,3, 6, 7-tefoalgdr o- | Whpnr snigeyt) pbicgchop2uged} othelrgkiosppdpi oni ¢ aci d.
(Ca2+)i refers to intrgcellulaé calci;nl 15 CFD refers to Charged Coupl ed
Devi ce. CPRLVEPERSUFBONBT By POPER(YPAHBR0STAS) © CPM refers to counts per

m nutes DPWhbekers tanehstAtegratibonstpesrnbnsbeid DR mekellseho the
concentration ratio, i.e., 20 concentration of agonist producing a defined
response (asdakhy, rptitonef hbeessaifl O 5D% BPLHERENEM in the presence
of an ant agani st,,_di Vi de y.the concentration producing the sane response
in the abs ﬁ%g%%(vg% ggogwg{ysEDTA refers to ethyl enedi am netetraacetic
acid. 25 FILbBR7qef er $nt adBl tdpesceheefbigivhggPhbeeRéatérns p3HL- B&2928

refers to tritiuml abel ed B&E928. E%HL- OCPX refers to tritium]l abel ed
8-CyC|0penP?PJI throughout the speciIicatlon:

10 BCA refers to 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—l—yl]—
propionic acid.

(Ca®*)i refers to intracellular calcium.

15 CCD refers to Charged Coupled Device.

CPA refers to N6-cyclopentyladenosine.

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% of maximum) in the
presence of an antagonist, divided by the concentration
producing the same ;esponse 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.

[3H]-DPCPX refers to tritium labeled 8-cyclopentyl-1,
3-dipropylxanthine, a competitive substrate for A; and Az
adenosine receptors.

30 [°H]-2ZM241385 refers to tritium labeled 4-(2-[7-amino-
2- (furyl)(1,2,4)triazolo(2,3—a)(1,3,5)triazin—5—
ylamingethyl)phenol, a competitive substrate for As

adenosine receptors.



3-di propyl xant hine, a conpetitive substrate for Al and Alb adenosine
receptors. 30 [3H] -ZM241385 refers to tritium/| abeled 4-(2-[7-am no- 2-
(furyl) (Wwpo2/10%p6triazolo (2, 3-a) (1, 3, 5) triazin-5 ylPamiuse3/Bap3h,y. 1)
phenol, a conpetitive substrate for Ala adenosine receptors. WO 03/ 105666
PCT/ US03/ 18695 - 30 [I] refers to the3&koncentration of the free

radi ol i gand. [1251] AB-MECA refers to [125]l odine] -1abeled N6- (4-

i nob | )-9- (5~ I bonyl ) - (3- i | d | B- MECA
e notenn) 2. REMSTORY LRI otomil ot e, 10
- N-net hyl - (3MGolf4and.

am nobenzyl ) -9- ( met hyl_car bonyl ) - ( 3- Dy4:i_bof ur anyr pnam de. O refers to
t he concentrati cfﬁzsgf] é[ﬁFA\M’ﬁeéﬁrslgoi r{kll%sﬁpfj%nggf’%i@% 3@91 e y(@el ng
measured. KB.re nt.agani [ L.ath OR_eo refers to the
di ssoci ati 8ml€o%§flal¥tl(?f %r § q@%ﬁh’ﬁ&%@ﬁéh@g? g % ?g%r%?tﬁg llégy% turation
anal ysiss. Klaemeher.s to the inhi bition constant for a drug; the 15

concentration of conpetin gand_in a conpetition assay that would occupy
50% of the receptot&Chf i eﬁ—”édltél LgaRexYnerd oplddént . AB- MECA refers to N6-

(4-am nobenz |_.car bon ri,b ran adeni ne, 20 N
refers to ﬁ@#ﬁépeS&%B%ghgﬁ%nﬁggqNéap r%elrlé9 S’flljl B 9@6[}1&1 %ﬁ% T4

> N-ethylC%599&%@h§9@9e@aagﬂqme@ﬁ§1&%&%6§y&9 -B- bogabbthrhaureasHigeof the
potency of an antagonist; the negative |0g of the concentration of

ant agoni st that I\@@djlxcbﬁmc&jm tthe-dalabrghisdftidm atheeg@t which
concenyatl;on1espon3e 4 ve.i9% +3" x990 Shasured.
Kz 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-ethylcarboxamidoadenosine.
pPA; refers to a logarithmic measure of 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.
3H-R-PIA refers to [3H]—R—N6—phenylisopropyladenosine
(radioligand for A3 adenosine receptors).
30 Schild plot refers to a graph of log (concentration
ratio -1), i.e., log (DR-1), against log (antagonist

concentration). The intercept on the log concentration



PMSF refers to phenyl met hyl sul phonyl fluoride. RFU refers to Relative

Fl uorescence Units. 3H R-PIA refers to [3H - R N6-phenyli sopropyl adenosi ne
(radi ol i gapd3fier6A3 adenosi ne receptors). 30 Schild plot refrarss3nsgsIm graph
of log (concentration ratio -1), i.e.,,log (DR-1), against |og (antagoni st
concentration). The intercept on the [ og concentration W 03/105666

PCT/ US03/ 18695 - 31 axis is equal to the pA2 value, while the slope gives
i nf or mat i orasAkOULs tdudlatiy el gt @gonesmvhler eher s lopesiyandar d
deviation. SEMrefers to the standard error of the mean 5 XAC refers to
xant hi ne ami'H® TEHgeieraPqwo7gie 1Nt igeitertdl 29999\ @Eht i on features highly
potent and sel eg}ive-AN atgprgt%t]@aqﬁfd the, :A%0 adenosi ne receptor. In sone
enbodi ments, the conpounds of the Invention may optionally be selective
ant agoni sts of t3E Alefmdendsi rdhe I arskept arr@ynithadis mfart he Adenosi ne
Ant agond st Conp S 007 Co unds useful in the invention may be

pr epar (ragd by conwiroeréﬁrsrre %&fg:&ghl% FHNYhEAEE"For 15 exanpl e, the
synthesi s ofoo78g conpoungsefalf,oriAd dnvdrs i desdhatd mildHier mftdanal

Publ i cati on Nos. W01/ 34604 and A W01/ 34610. [0080] Two general nethods are
descri bed Rérkispledclye omuaniein Ofs thecdmordeiesinagraatereal, 1,3 20
di substi t utied-H, 6 di g j | 0 ) ; i t wo
schenes bd%ﬁi 1,3%§§§ﬁ¥ﬁ%€%ﬁb3¥%igg%ﬁ%%#%%ﬁ%%0| s%ban E?%hg%lred by
treating theticoeldspdredist] esyommet reintaldon iert sunsy ronet A catléyosist i t ut ed
urea v%oth C anCé%ceti c acid, followed by nitrosation and 25 reduction (see,
e.g., g & 16, 1879, 1951; Can J.

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. W001/34604 and
WO01/34610.

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

20 disubstituted-5, 6-diaminouracil (compound (VI)), as shown
in the two schemes below. 1,3-Disubstituted-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. Chem. 36, 3341, 1993,
incorporated herein by reference). In this method, 6-

30 aminouracil is monoalkylated specifically at N3 of the
uracil under Vorbruggen conditions. Alternatively,
unsubstituted N1 or N3 position can be functionalized

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



Chem 46, 3413, 1968, incorporated herein by reference). Unsymetrically
substituted xanthi nes can be accessed via the nethod of Mieller (J. Med.
Chem 36,wB3410564093, incorporated herein by reference). PCa/tShd/s86pet hod, 6

30 ami nouracil is nonoal kyl ated specifically at N3 of the wuracil under
Vor bruggen conditions. Alternatively; 3&ansub.st.it-ut,ed Ni or N3 position
can be functio.nal.ized (e , alkylation) in the | ast stage of synthesis.

WO 03/ 1056&694315T/ USQ?%],%'G 1rst3§% rFeQCanl] hdihdde iy si- general nethod, a

1, 3- disub ed S nour (Conpound (V1)) can first wundergo a
ring cl osylgseactdgied-o pa-atitee ouend i neconprerdretibtle edatfinst
unsubstituted at the 8-position. 5 This i errred ate, in t can coupl e

With a premaeo adHslind OTUEhe R i et P1E \b?%ﬁlc%ar%ﬁqﬂid%si red 8-
substituted x E%}ﬁ%ﬁ%ﬂ% Refersd nghdgosehamed delove ghsosstasini ng materi al

1, 3- di subst? diam nouracil (i.e., conpound (VI)) first reacts
wi th HO( OFtH B timtumdesdice i), aim i tgre) ocsirreccrlafa%@ i Whtl 0@ prBYtiteS A xant hi ne

i nt er nedi at e ns i tut.ed.a Siitj 0 npound
(A)). Thi sC‘PTPR%WhCLd?gtél u#a %? Hboéedcé’ ;troog%&?fe ttHaenraegénJiIﬁeod pgﬁgt ecting
group (€. gsypit i dd® anBOM&s. t ReNrrogits osmc)herheelrl heelowdetlpes a

coupling reaction, in the 15 presence of a s ase,
n- but yl -1 |$’han¢n14m8mt§rl@¥ Hi %h‘i’ib%ﬂa?’t%g%tb?%& I%(ﬁ'f)%‘?llw th a

precursor  conpo Vrd£els fc@haﬂ{d yee; Ao arkRiraee) to
produce an %\l%oho?&?ﬁ%uﬁ& gv‘zlﬁg ﬁgk%‘;@)]): Thse ‘Arll dr ox @@ gr36upO of the al cohol

can then be fg@@t@ﬁoé@reonaactwnetQOpm@@h@Iat?éalahghﬂ?néntﬁr%?%%ﬁan an
e o REAETEs clae s RS BV nboSLbehy ' 1okl enebpsygompound,
protection ﬁﬁp.thﬁﬂlgelﬁEEPMéglé@ePbéﬂt@rabelng 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-putyl-lithium (nBulLi)
or lithium di-isopropyl-amide (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 alcohol to an amine, a mercaptan, an ether, a lactone
(e.g., compound (E)), or other functionalized compound, by
methods well known to those of ordinary skill 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 compounds of this

invention.



deprotected product (i.e., conmpound (F)), which can be 25 further
functionalized to yield conpounds of this invention. W 03/105666

PCT/ US03/wB89805666 33 Schene 1 O 0 H protecting Rl NH2. HECTRiSo3/686D§ gr oup
suchasO0 N HC(CEt) 3 N1 51 reflux ) s 4 9 H PPTs, CHC13 ON NH2 ON N
R RR O (M) (A RLNNP (B I N~ Flé3N R2 1. n-BuLi, THF, -78C 2.
OPOPOCCOOEt ~NNRR 1\N(,LIBCOCEt THF, H20O ON N HO ON N HO Rz2
(D R2 Acgghége1heat OO R POHO

10

H protecti =
NH,.HCI R“\N 6 N gmi&ﬂimo
_HC(OEt); 1 5| (AN
c,al\\ Trefux ‘4,L1\3 Ao ;; PPTs, CHCl;
o IIJ N
2 Ra
0 P
(VD (A) R1\N N
S W
o” >N N
Rz
1. n-Buli,
THF, -78°C
2.
O o) O=<:>—COOEt
r ' Py
Ri~ N Ri< N
N LiOH N
)\ | ) COOH =—=>—— )\ | ) COOEt
oZ N7 TN HO T 9PN TN HO
L - |
5 ©) y
ACZO (C)
heat
Q o
R /P O R1 H O
1\N | N 0 Deprotection \N I N O
)\ /: é § (for deprotecting )\ /: é: V>
O N N THP,use INHCI O N N
in THF/MeOH)
Ra (B Ry
[0082] In the second general method, compounds of the

invention can be prepared by reacting the starting
material, a 1,3-disubstituted-5,6-diaminouracil, with a
precursor compound of the Z-R; moiety (e.g., aldehydes or
carboxylic acids or carboxylic acid chlorides) to form a
6-amide substituted uracil intermediate, which in turn,
can undergo a ring closure reaction to yield to a desired
xanthine compound. Referring to scheme 2 below, the

startiﬁg material 1,3-disubstituted-5,6-diaminouracil



N N O Deprotection R~ NN ON (for deprotecting N ON THP, use 1N HCl1 O N
Il in THF/MeOH) | R (E) R2 (F) [0082] In the second general nethod,
conpoundswofo3tiises 5 i nvention can be prepared by reacti ngPCiassd/asehs ng

material, a 1, 3-disubstituted-5,6-diamnouracil, with a precursor conpound
of the Z-R3 noiety (e.g., aldehydes or 34carboxylic acids or carboxylic acid
chlorides) to forma 6-anide substituted uracil internediate, which in

turn, 10 cgﬁpggggrgﬁg?%rlngvfips§{§5£egg&%ggot@lyhegddio a desired

xant hi ne ¢ Fri 0 SC the starting nmateria
1, 3- di substitybedi be bt dirasiibstt aat &d Wr 634119566660 RCTASOSE 186952~ R3 34

(| e., conmpound (VI first cou | es mnth a _di- car Xy /ester ituted
precur sor @@hﬁbﬁndHéécfﬁeRifﬁgp amoirefy, AEBEC gy | Fe%regggﬁ%ound

(Q; Ra repgresents) by CloSpoahkyl, erebgnayll tbggpbenyy eptgohelby
optlonaIIyES §dﬁs?%tgted ﬁhth lyS}subiP?tue%ts selected fromthe group

conS|56|ngsobshatotedydnbhyﬂ 30$ub§t3ta¢R§§y§e%©CP?€Iéram BbanPyeup

substituted uracil int ate co o y-Le ng which
are wel | kABWAE61BHeC ngEF |haP%dr§§¥} ?P I gé%%%gp tg §é%§p?oying

coupling reagRnks éQbéu@huaédbeﬁzeimlaﬂﬁérmeytaxytﬂused;neompbanﬁno)
phosphoni um hexaf | uor ophosphat e Z0 tr

e
yl-N, N, N , K) § ebvakBeR PGPénWUHFHe?éFIH%?g EBQBHa 8 O?ﬁB?B)Oranary

O (7-azabe i a ok N ' h ORhyMm-
heiafluoro%%gg%haﬁe HA%E%)NENg es 1gib?ﬂﬁ§ poup h%ﬁ ?ﬁgfﬁﬁz

bi cycho[ 3. gu&hoasabentpﬁxldzoérboxybxytaéﬁddhﬁggggggVPnéérer and
bi cycl of 2. %h% Bﬁ%%gﬁm!h@x%%i%%?Sé%%gﬁh%%'d gBB??t?Mkenzo triazol-1-
yl-N,N,N',N'-tetramethyluronium hexafluorophosphate
(HBTU), or O- (7-azabenzotriazol-1-yl)-N,N,N',N'-
tetramethyluronium hexafluorophosphate (HATU)). Examples
15 of compound (G) include bicyclo[3.2.1]octane-1, 5~
dicarboxylic acid monomethyl ester and
bicyclo[2.2.2]octane~1,4-dicarboxylic acid monoethyl
ester. The uracil intermediate can then undergo a ring
closure reaction in a basic condition (e.g., by employing
20 KOH and isopropyl alcohol) to yield a xanthine compound
(i.e., compound (J)), which can undergo further
functionalization to produce various compounds of the

invention.



ester. The uracil internediate can then undergo a ring
a basic condition (e.g., by enploying 20 KOH and i sopropyl
yi el d a xaotobitmseconpound (i.e., conpound (J)),
functionalization to produce various coppo
03/ 105666 PCT/ US03/ 18695 35 Schene gp_
HOOC- Z- R3-000Ra (G R N N Y Z-R3-000R1l coupling reagents

unds of the

cl osure reaction in

al cohol) to

whi ch camCuruses/ggs9s urt her
i nvention.
00 RLNHR.HCG H Al

WO
ONN11260

i}-Z-R3-000Ra N N

car boxylic

RONNHRg JB% AVI) (H OKOH iPrOHRL N Nreflux I
R2 (J) The siged al dehydes, ketones, carboxylic acids and
acid chlorides e comrercially avallable 5 (e.g., drom Al drich Cheni ca

Co., Inc. ,RMI ee,NNAISE!. )

al kyl ati on d

QQnDIogammﬂmgmﬁgméactlon or

t he preparation Jf N NH,
Ro
Rz
(V) (H)
0]
R H
KOH, iPrOH N N
reﬂux )\ I />"—' Z'R3"COORa
0 N N
Ro
)

The desired aldehydes, ketones,

; or can be readlly pre aredfrom ¢ al
avail abl e mabtleri affs by wel Iy }Qqéjc : %ggﬁégha Y
nmet hods include, blt are n dat i edut?“%ﬂ, hydrol ysi s,

ferepces regarding

carboxylic acids and

carboxylic acid chlorides are commercially available

from Aldrich Chemical Co., Inc.,

(e.qg.,

Milwaukee,

Wisc.)

or can be readily prepared from commercially available

materials by well-known synthetic methods.

methods include, but are not limited to,

Such synthetic

oxidation,

reduction, hydrolysis, alkylation and Wittig homologation

10 reactions.

For references regarding the preparation of

bicycloalkane carboxylic acids of the invention (e.g.,

(IT1),
J. Chem. 38, 1705,
J. Am. Chem. Soc.
1964;
4795,

compound

1985;
75, 637,
J. Am. Chemn.
1981;

Aust.
1986;
Soc. 86, 5183,
Org. Chem. 46,
1995.
[0083]

e.g.,
2061, 1953;
102,

and J. Org. Chemn.

6862,
60,

15 Soc.

compound (J), which contains a carboxylic acid or

20 attached to the R; moiety. For example, compound

which 1s an example of compound (G)), see,

Aust J. Chem.

39,

J. Am. Chem.

1980; J.

6873,

There are many methods to further functionalize

ester

(J) can

be converted to the corresponding acrylic acid derivative.

One way is to first hydrolyze the ester group of compound



bi cycl oal kane carboxylic acids of the invention (e.g., conpound (II1),
which is an exanple of conmpound (G), see, e.g., Aust. J. Chem 38, 1705,
1985; AuswoJd3/i@seen 39, 2061, 1986; J. Am Chem Soc. 75pPC@ABY3/1LS3; J.
Am Chem 15 Soc. 86, 5183, 1964; J. Anl Chem Soc. 102, 6862, 1980; J.
Org. Chem 46, 4795, 1981; and J. OQ@. 3éhem 60, 6873, 1995. [ 0083] There
are many nethods to further functionalize conpound (J), which contains a

car boxyl i ¢ Ci gpz%vfgégrt ttiached 1o the RIamminet or@spmiiple,

conpound (J converied to the corresponding acrylic acid derivative.
One way i scdsbdiybichydid) yredude dse eragpoxpl bE @@h%o%dtlv@ 03/ 105666

PCT/ US03/ 18695 - J rovi ded. hat a i ve the
correspond?%@re%%Q%%kVé %lé@p ’r%ﬁb ?hghca$ oxy $%t%2F%éto t he

COFfespondégﬂr@éﬁgﬁélmgOél&%H%?éhea@$Cﬁh@h perfben ovaéspontding al dehyde,
and then perform a WatdSworth Hor ner - Enmbns or VVttlng reaction to form
the correéponeingrmeny| ot BEFeiper FSacFvel EonpotiidtEd) can also be

transt or med. diLegtlysLe LLs oo r§é§?8“8.'é£19vé‘£§980| cofpiherent cxariati on

rectly to its correspondi ng al dehyde. A
furt her loaygélbélﬁﬁansSotMeﬁr@nséothyahoesterC@Dﬁ@%Pﬁmﬁgn@oﬁﬁﬁﬁhﬂl (J) to

its corresponding carboxylic, acid nd, then. dir al dehyde.
Al ter nati vel §ifBRESEENVE hﬁEf?%néF g% Fﬁ%nﬁFgcurgééﬁ%%%%oﬁﬁg of thy Z-R3

moi ety bef&i?eﬁ999|t891E9 tberospdndifdysubaehyated- 8- fabthasubsti t ut ed
xanthine in schene 1 or the 1, 3- disubstituted-5, 6-di am nouracil .in, schene

2. Fut®heryacbapbandsisftohtsanafenni ah eahehaCpRbparendofi°EBPHEY support
(e.g., Vang,resin), [Q084LsIB83X0t BESLEx0L 18- hé162 Endi eXen1, 3-di propyl -

directly to the aldehyde. Alternatively, one can
functionalize the precursor compound of the Z-Rs 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 prepared 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—1H—purin—8—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 Az
adenosine receptor that is at least 10-fold greater than

30 the affinity for the A, adenosine receptor or the Aj
adenosine receptor. In other embodiments, the compounds of
formula I exhibit an affinity for the Ay adenosine

receptor that is at least 50-fold greater than the



20 2,3,6,7-tetrahydro-1 H purin-8-yl)-bicyclo[2.2.2]oct-|-yl]- propionic
acid (B@®928) is described in International publication WO01/34610. [0085]
In sonme ewbaditdesnd s, the conmpounds may be in the form of Pam/ts0sI18693
conpound, an optically active conpound, 25 a pure diastereoner, a mxture
of diastereoners, a prodrug or a phar##@col ogically acceptable salt
thereof. [0086] In sone enbodinents of the invention, the conpounds of

formula | exhjbjt ap affinity fqr the S ceptof-thainds at
| east 10- ot gt Bhr &7* t?ﬁﬁr%@ ?ﬁsngF%lnlgecgggg?hggAfﬁg §gno§?ne recept or
or the A3 radepostners téﬁheirbmb$Mﬂméﬁﬁmuhtﬁﬁn@pmpmmn@@nwbunds of
formula | exhibit an affinity for the Alb adenosine__.rece tor that is at

| east 50- fmmgl@ale@thtt% YEF DB 1056%6 BT/ Aas03F EBBF8C- 37 affinity

for the Ala adeno i ecept.or { hegA3rade L e regept eie | n yet other
embodi nentsS ?%%o?:ogrrlg%%ngd‘gé 1 %Sr rruf exhibit an affinity for the Alb

adenosgne afﬁgﬁptprfbhathesAﬁxaueass1m60réoegtgreaﬁeth§han ARRNGSHRE | nity

for the Ala aden05|ne receptor _or the A3 adenosi ecep In some
embodi nent 5eCeRtaAdi t fBnS¢ etﬁ%bo%}??%f%y tors $%ﬂ€%&% gﬁe%@élne receptor,

the conpounds; Rf ¢ yf 86 MU Re | AQPEIdRRBLE e XBicBbtogn ahti Biompoliadst bé A,
adenosi ne receptor 10 [0087] In sone enbodinents of the inyention, the

conpounds 6érhotaulaopteshabiy axRibyhl & 26F1hkY ASBT BEBNOSi ne receptor
which is belom1500 nh%cég ﬁ%her enbodi ments of the invention, the

conpounds 39 Fornu bit a Ki value for the Alb aden05|ne receptor
whi chips 150b87pw 200nndbméneyledddhbetr s enbotheehrgentiohe thoention, the

compounds, of formia L xhibil 8 K, Yalve, ot {15, 62h.agggosine recentor

adenosine receptor which is below 500 nM. In other
embodiments of the invention, the compounds of formula I
exhibit a Ki value for the Aj, adenosine receptor which is
15 pelow 200 nM. In yet other embodiments of the invention,
the compounds of formula I exhibit a Ki value for the Ay

adenosine receptor which is below 10 nM.

Production of A,, adenosine Receptor Antibodies

20 [0088] The invention also encompasses the use of
antibodies raised against the Az, adenosine receptor, as
antagonists of the receptor. Such antibodies block the
ligand (e.g., adenosine) binding site on the Ay, adenosine
receptor or prevent the ligand (e.g., adenosine) from

25 binding to the receptor. ,

[0089] The Ag, adenosine receptor may be used to 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 peptides corresponding to specific regions of the Ay
adenosine receptor may be synthesized and used to create

immunological reagents according to well known methods.



Producti on of A2b adenosi ne Receptor Antibodies 20 [0088] The invention
al so enconpasses the use of antibodies raised against the A2b adenosi ne
recept or ,wad3/1exst@goni sts of the receptor. Such anti bodi epCilusok16he
ligand (e.g., adenosine) binding site on the Alb adenosine receptor or
prevent the ligand (e.g., adenosine) frdm=25 binding to the receptor.

[ 0089] The Al b adenosi ne receptor may be used to elicit polyclonal or

”Dnoclona'[66bb§9die%h@hpﬁﬁaaiﬂgﬁaaéﬂy%ﬂ%QJrégyﬁﬁayrHéé@ﬁﬁﬁ{Qﬁdﬁéd@ a

vari ety of "‘techni ques we known to those of skill in the art.
Al ternativehy, tBe pHpt sdgseccer espoddnggthe speeptie Begivend ef the A2b

adenosi ne receptor may be synt hesi zed and used_to. creat i nal ogi cal
reagent s aEEBE&FﬁgSFgﬁﬁEFF %ﬁ5wﬁ%ﬁefﬁ88§goﬁ[ﬁ@§f18§886agéffggg§ 18695 - 38
[0090] The (ryRacAkl adenosione keeeptehohas BeeppCl ased-1and t(heIRNA
sequence encoding the receptor as well as the protein sequence for the

recept 8r h&leriseerti dénri Pleghepr Brephes -aRes - M6PMMERdocrBrol PP 6, pp.
1598- 1604 (19%32); i er I hoch Bi . eR n., 187, pp.
86- 93 (199%%;%éeéégﬁg)étﬁgPE%r%.E? géfénﬁq§;5?§?§é§)?’%?gog?FWXntibodies

di rect ed agaioedf] t herAkthbaderssdieectecdepyeinet thieslbm\asiariarire e

i mmunogl obul i n nnlecgl%g,or, orti,ons thereof thﬁtbaﬁe innﬁnolg%ically
reactive WEREPGOLhETALHL8dERSEM e CPeEpt SFMBFOENE PréSeRf-TiYerti 8A.  More
preferabl y,ot-he cant ithedces ¥sed bRet hemiBbhedscafllihecacnveat arhare

i mmunol ogi cally reactive with the ligand binding domain of the A2b

adenodiOne téeeproraddroggzle Ardarddites it e seddi Adivalfel mph Atifosi ne
L5 ! oP bR R el S Db L1 OB ShenBULLAN B il Sucr
nonocl onal inPeaduohi afcofimpohytbonablly reactive with the ligand
binding domain of the A;, adenosine receptor.
[0092] Antibodies directed against the A, adenosine
15 receptor may Ee 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), Antibodies,
A Laboratory Manual, Yelton, D.E. et al. (1981l); Ann.
Rev. of Biochem., 50, pp. 657-80., and Ausubel et al.
(1989); Current Protocols in Molecular Biology (New York:
John Wiley & Sons), updated annually. Determination of
25 immunoreactivity with an A;, adenosine receptor may bé made
by any of several methods well known in the art,
including, e.g., immunoblot assay and ELISA.
[0093] Monoclonal antibodies with affinities of 107% M7
or preferably 107 to 107 M 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



and nonocl onal antibodies is within ordinary skill in the art. For a
revi ew of nethods useful in practicing the 20 invention, see, e.g., Harlow
and Lane w0388)566Ant i bodi es, A Laboratory Mnual, YeltonPCDUSo3/eg69al .
(1981); Ann. Rev. of Blochen1 50, pp..657-80., and Ausubel et al.

(1989); Current Protocols in Nblecularzﬁid1ogy (NEM/Ybrk John Wley &
Sons), updated annually. Determ nation of 25 inmunoreactivity with an A2b
adenosi ne %%ﬁﬁﬁﬁ@raQQYeQ%lgééean@y1%@lv95u§§V§FQbeﬁeb@QQ% Welslegknown in the
art, including, e.g., immunoblot assay and EL [ 0093] Mbnocl onal
antubod|estwpnnaéﬂwbntple@m@ﬁt§018ewkmyeépmﬁréﬁéﬂébM@d@@L @ opgiagem 1 or
stronger are i,cal l by R pr dur a e e.g.

in Harl ow Sg&g%ﬁéﬁg F%P%égéfgguprg% %?2?? %%% %eﬁﬁgtérgh?%apgqqy

sel ect ed aréphhetdasiahed th@mupkahlamlan}nsobﬁc elacfno Icll@\med tesAfdderfotrhe
approprlate period of tinme, the spleens of such V£303/105666 .PCT/ US03/ 18695
- &ni mkhsiar eredursd@nand @ﬁd@@P&QQFléﬁﬁeéﬁt oY FREEFEIS Foical Iy, to

|nnDrtaI|z%genﬁgggggdcggggoﬂng@rtggp@g@&bghe sel ection conditions.

Thereafter, the cells are clonal separated and the supernatants of each
clone testd@0Pdd 5 t@&herpﬁ@d@@bﬂ@nt@ﬁhanqa§§r@DWP&W@ dt (dddyp specific for
the desired re i.on of ﬁ nt| t%0%ﬁ4]agEEeEn§ i able qgﬂ{ques i nvol ve
invitro 5%88 4r& 8f 8€¥t§§ t e antlgenlc h A en03|ne receptor,

or alterna&bw@byortOo&ebaﬁbm@atahequrableélebtlanaﬁﬁlbdwnaiﬂe@ pifage or
simlar vectors. See Huse et al. Science, 246, pp.. 1275-81 1989)
Ant i bédi es 20$dPaRipE lphéhﬁﬂ§5@§tsﬂﬁ&éﬁfl SRCKRY She SRS Y8& Witt Rlor wit hout

modificati g ; AL g9n3, (g .t Rbs scage tm@gm b @ﬂ%@%%'d@.%s L8eeRhon), and
anti bodi es can be’l abel'ed"by joining, either 15 covalently or

non- coval emthley pressobistiavea tiwlinc mapr bei daployed with or without

modification. Antigens (in this case the A,;, 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
techniques are known in the art and can be employed in
practicing the invention. Suitable labels include
radionuclides, enzymes, substrates, cofactors, inhibitors,

20 fluorescent agents, chemiluminescent agents, 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 immunoglobulins may be produced (see

25 U.S. Patent 4,816,567).
[0095] 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 same species. An antibody may be a single-chain antibody
or a humanized antibody. It may be a molecule that has
multiple binding specificities, such as a bifunctional

antibody prepared by any one of a number of techniques



for a detectable signal. Various |abels and conjugation techniques are
known in the art and can be enployed in practicing the invention. Suitable
| abel s i ’rbwdaoses@di onucl i des, enzynes, substrates, cof actPomraiSod/mehditors,
20 fluorescent agents, chem | um nescenfyagents, magnetic particles and the
| i ke. Patents teaching the use of such |abels 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, 241.4xn NS Go MEcHBi s ki mminogihsb W ithsi ey dieanpridikiced (see 25 U. S.

Pat ent 4, 816,567). [0095] An, antibody of this jnventi By Al so be a
hybrid nolReadus Rt e+ @%ﬂﬂ%ﬁ1 %ﬁﬁﬁﬁ%é% %%%m %ﬁ%ferent
species (e, mig@us&@g@_m@m%,oragdim@prdf arespt iade | iainagd obul i n i ght

and heavy chai'n sequences fromthe 30 sane species. An antjbod Obe a

si ngl e- chabetvardn body maroel dnakmzedetis Hodye | 1D S Bet FPhdt oddi® t hat
has nmult.ipl,e binding specificiiti , 1S e Phs fUREs ional  anti body
pr epar d bi/gfa%;ﬁgrﬂém%?g%gﬁﬁ%%%lrﬁoééate"e&z hanri‘%uufe{;g Wo 037105666 PCT/ USO3/ 18695

- 40 knowgbfg&éﬁm@ﬁ ©&15kilhe) natides@rfortt! udi ng the production of

hybrid hybridonmas, disulfide exchan%e, . chem cal cgog -%&ﬂ%ﬁng, addi ti on of
pepti de | iHkerant Heodken hotibhottBHAF L FhtTHHdTEES The PRt toduction of two

5 sets of | uL i ps hsavysangot i dmshai fisosat pradupadtbygul ar cel |
i ne, and %%H¥%$?#£PT%%9%nt§boales of thi% i nvention may, al so be human
monoc! onal iansibetiesd honaexaeple, twseCpPoducBECBYCTL | ARBFF af?2ed human

cells, by SCID-hu mce or_other nen h ani 6 1 8, pspduci ng
" hunah® an@?%%%i%@%mﬁfs 6§P?§§ee§§r%%§?%ﬁf§? c?%ﬁ%% h%ﬁggg%ﬁﬁunoglobulin

genes. Thg,prgpaLabi-e8s0bnhymasisrdd anthbodiesuneglanghinbyeres: Pat.
Nos. 5,777,085 and 5, 789, 554. | T
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 A,, adenosine Receptor Antagonists

25 [0097] 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 infarction),

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

ischemic event is a myocardial infarction.



[0096] In sum one of skill in the art, provided with 15 the teachings of
this invention, has available a variety of nethods which may be used to

al ter thewbioshesgs€al properties of the antibodies of thi ®Cirmisesscon
including nethods which would increase or decrease the stability or

hal f-1ife, imunogenicity, toxicity, -aflinity or yield of 20 a given

anti body nolecule, or to alter it in any other may that nmay render it nore

sui tabl e fgéggefar“fy;% < ABRbLEALLON, dBes,d g5, AL by pdERAsIDRReCEDt Of

Ant agoni st 0097 ds and conp05|t|ons this invention may
be used t ot eAghbdehbBiiheotrecrpabrpahitegbsibvingadmidesgonedan i schemc
event or in which an ischem ¢ event The ischem c vent can

be, for ex&hphel tapufeYeorehary %@Hﬂ#%ﬁ%nn$%c}%%?%@lﬁy%%%?ﬁlaI

infarction), ?gp Shib 98 ErenPE 98R gﬁ@qéﬁgggﬁguiﬁw@ngigﬂpythéqn5nla shock, and
organ transplantation surgery. In sone enbodi nent, the ischemc event is

a: nyocardlademuéametreoepvwroamtﬁﬁmmﬁﬁ¢wﬂ$LE%E#QB%D%red withimoBsYe | n sone
enbodlnent of th resent .jnve tlon enosjn e r
h é%ﬁfﬂ?%t%?eaf er |n %Sché ch%p?ﬁg fﬁ et 8@@&9

antagonlst ore or artter the ischemc
event. In eﬁ&@@im@ﬁb@dbﬂﬁﬁhé pfeé@@tpim@@mtlmmyemmeohn,auenazbné adenosi ne

receptor antagonist is admnistered within five, days, bef fter the
i schem ¢ eV%ﬁ?Pt@ﬁ yefagppért éﬁb@@?h%h?geﬁ?dt%%t%+ sEHP g ﬁ??g "the Al b

adenosi ne %?P&?rtﬁgt i‘leﬂéﬁic' Svagii ni a4 es el Wi Ehbsdt Mendaysthef nye or
after the |sc emc event. |In other enbodinents, the A2b 10 adenosi ne

r eceplor aadagoamse receghbni sneagen it his a@mlnﬁéygr@ﬂtéitbh% F¥eheni c

t. [00 t | d thod of treati
O o 038} TRECBEBERL ANy Bl ooy dos = method of - treating

[0099] The present invention also provides a method of
treating a disease or disorder mediated by activation of
the A,, adenosine receptor by administering to a mammal in
15 need thereof an pharmaceutically effective or a
prophylactically effective amount of an Ay, 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 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 Az, adenosine
25 receptor antagonist of this invention. In some
embodiments, the A,, adenosine receptor antagonist is
administered within ten days before or after the ischemic
event. In other embodiments, the Ay, adenosine receptor
antagonist is administered within five days before or
30 after the ischemic event. In other embodiments, the Az
adenosine receptor antagonist is administered within two

days before or after the ischemic event.



the A2b adenosine receptor by adm nistering to a mammal in 15 need t hereof
an pharmaceutically effective or a prophylactically effective anmount of an
A2b adenowDrg/1036ecept or ant agoni st of this invention. [01®Q/UBh&1863Ehem c
event often results in necrosis of Ehgzttssue affected. The present
invention also provides 20 a nethod of“limting tissue necrosis resulting
froman ischem c event conprising identifying a manmal that has undergone
an ischem poRyENt OrMyHcHhELA) anhfschelde eyettie dsvéhopment ahd
adm ni stering a therapeutically effective or prqgh | actically effective
anount of BYCPPEbelbnsFresds ¢ dPY it atfrd 52 %% RRFEeThVERTi on. In

SOne enbo(gl%g(gé;ﬂ Esélfl]%ﬁfyp‘ggdacg&g% NSe M ECERRPEcARL BGRNASY +SsuBeE M St er ed

within ten e or after the ischemtT event . I n ot her enbodi nents,
the A2b adeposanéiseceptoosiant agpriatdial atnfarsteees are hwhtenve days

before_or 30 after the ischemc event. In other _enbodi e

adenos? ne ?%E%%%o?yaﬁ?%gﬁﬁPE?r?sogd%i%g%?eV% m}?ﬁ?ﬁg_%ogéggﬁéyﬁ%f%ge or
after the ischephs -6veatseD P34106666 PCTANSR3118686duct #an $0101]
Myocardi al infarction is the devel opnent of nyocardial necrosis caused by

an i nbal anckob@t awppLyheo axyeehlduppf ytandideraRal Bt - ¢ hePhy dBa¥ di um and
resul ts in. myocardial nectosh Scofpear dbabihlahCbkobre Agsot eang caused

by the rup%%?e of %I gque wt ronbus formation in a coronary vessel,
resul ting gabasgaentemyedaetiiah déchéhdad sUpppyete acpbrsion of the
nyocardi um This may

resul.t in partjial or conplete,occ]usion of the vessel
and s&%seqﬁ%ﬁ?nﬁfﬁcﬁ?ﬂFﬁi f9EhE %Fa%gﬁ%VEfe?%cgrUSﬁ6§ ®%FRe 10 coronary
vessel for,.gsgyeral jhoursclergin1d-Rybouralalrgesokbsikn i noeyees|ble
nyocardi al necrosis. However, reperfusion within this period can sal vage
t he nyocardéparfusion within this period can salvage the myocardium
and reduce morbidity and mortality. Therefore, the
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 Az, adenosine
20 receptor antagonist of this invention. In some
embodiments, the Ay, adenosine receptor antagonist of this
invention is administered within ten days before or after
the ischemic event. In other embodiments, the Ay
adenosine receptor antagonist is administered within five
25 days before or after the ischemic event. 1In other
embodiments, the A, adenosine receptor antagonist is

administered within two days before or after the ischemic

event.

30 Pharmaceutical Compositions

[0102] The adenosine Az, receptor antagonists may be
formulated into pharmaceutical compositions for

administration to animals, including humans. These



and reduce norbidity and nortality. Therefore, the invention also provides
a nethod of limting the size of 15 an infarction, follow ng a nmyocardi al

i nfarcti owolwg/1036aent i fyi ng a nmammal that has undergone a myZoampdisabs
infarction or in which a nyocardial infarction is inmnent and
admi ni stering a therapeutically effect#de-or prophylactically effective
anount of an Al b adenosi ne 20 receptor antagonist of this invention. In

sone enbodinents, the Al b adenosi r | $&e Ofn tAhSunt Nvention
is adniniSéhﬁEQF9&??&?@£¥§PQ@8&9§%§%§?bﬁgﬁggg%%§f§t e@%sc em ¢ event. In

ot her enbaghi nept sdehbe iAkbradepesirnentegeptist afitagonivst tios tagaitni st er ed
within five 25 days before or after the ischem ¢ event. | n_other

enbodi ment kimitheon| Bradenbst FERFRER pf O S Hht R SEIVEY 20 Ai stered within
two days gﬁﬂ;g{;galg%l@%sn he.isSbem & cgventr, 30 Pharmaceuti cal

Conposi ti e adenosi'ne Al b receptor antagonists nay_be

f or mul &t ed[010B] phar Faeeut¢eat i cahbpsiccepsablior capiathf skFattonito

ani mal s, including humans, . These WO 03/1 6 S03/ 1869 - 43
pharnaceut?%%?ecBﬁ%B@?F?%E%?agr%?%?%%félgﬁglg gﬁgéé%ngu f’ g?nAQb adenosi ne
recept or apiagonRhstsef beching, t@ltmeatn stéarhte; peevehinj sshewia
reperfusion injury and a pharnaceutically acceptable carrjer. 5 [0103]

Phar maceut pratéynaccepeabee Eﬁm??eﬁ§rﬁ@e?¥PuWhn'tﬂ%ggeﬁhﬁPhﬁgéﬂ?? al

conposi tiops_jnclu | 01 EXghangstsi cabuinapoahyBk aMm St ear at e,
| ecit hin, gg?hnggp §?2§%§Fe§ucﬁ %s ﬁunan se%8n1albun$n, buffer substances
such as phespbates, pgkytaheglgoebideanidiupesacti aatrroasetbacactphtei al

glyceride i xtures of satyrated yegelghls. fgLiy.agl dsucheber. salts or

protamine sulfate, disodium hydrogen phosphate, potassium
hydrogen phosphate, sodium chloride, zinc salts, colloidal
silica, magnesium trisilicate, polyvinyl pyrrolidone,

15 cellulose-based substances, polyethylene glycol, sodium
carboxymethylcellulose, 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 "parenteral" as used
herein includes subcutaneous, intravenous, intramuscular,
intra-articular, intra-synovial, intrasternal,

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

compositions are administered orally, intraperitoneally or

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

These suspensions may be formulated according to
teéhniques known in the art using suitable dispersing or

wetting agents and suspending agents. The sterile



protam ne sul fate, disodi um hydrogen phosphate, potassium hydrogen
phosphate, sodiumchloride, zinc salts, colloidal silica, magnesi um
trisilicawe,03paiéyes/i nyl pyrrolidone, 15 cellul ose-based sulpSTArso®$8695

pol yet hyl ene gl ycol, sodium carboxynethyl cellul ose, polyacryl ates, waxes,
pol yet hyl ene- pol yoxypr opyl ene- bl ock pold¢ners, pol yethylene glycol and wool
fat. [0104] The conpositions of the present invention may be 20

adm ni stered. parenteral | orally, by_iphalatio v inkQPESAI LY,

rectal ly, ﬁ%%gFF§g£Bu853¥?§?£§éﬁi%%PI§i§$ %?ag g%é?%% aﬁ?igereservoir. The
term " par egbehelonasrusedpehet ehnihnal ndestsxbecupaneotsralhyravenous,
intramuscular, intra-articular, intra-synovial, intrasterna

As)
i ntrat hecapCceRERRhBpELFBENENPFaPRETBRA! SR8 FREFBLTanfaf SP%FE%?Pon or

i nfusion teghnigu abl ¥mohBerneogpeshthons asgiadaknasgered orally,
intraperitgﬁegr?yggFaﬁéﬁé§gvenouglg. [ 0105] gterile iniectable forms of the

conposbt i oasloént830thht smapveat eoplangdberaquebas, oRinpesyprnsasusii8pensi on.
These suspensi ons _may be formul ated.accordi o] Cc I .S known in
g LSt PAbFeSroREr SThG 5r° RELErAg agebto atitars

the .art u8 I'Ng agenit s“and suspendi ng

agents. Thgtstenkl erW2-836106666ePEIHUSABL 869Dy emBdoyEd| ast abl e
preparation may also be a sterile injectable solution or susge ﬁiog in a
non-toxi c patEAnéEr 8Kl yuspeRepiableddituent o8r LRAPVBREPOFSr 8R ng 8%%s a

sol uti on kgxéd36$§tﬁg§d£8|em@ﬂeg?dtEﬁcﬁﬁagﬁbagyﬁtﬁggﬁé!ﬁ%n@ndo§ gelvents

that may be enpl oyed are wate nger's soldtion and isotonic sodi um

chl oriide sgllyteetdebn aBdttiyoacidstesiikk, abi xédioi ksidrandoatventional ly

I d I di ium, F hi , bl and
Fiked of | Rhy B8 eRpRoySHFAEPadrrG SgREH 1B RBROSCaPERFELoR of 1Y BT

injectables, as are natural pharmaceutically-acceptable
oils, such as olive oil 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 cellulose 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 bicavailability enhancers which are commonly
used in the manufacture of pharmaceutically acceptable
solid, liquid, or other dosage forms may also 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,
aqueous suspensions or solutions. In the case of tablets

for oral use, carriers commonly used include lactose and



10 glycerides. Fatty acids, such as oleic acid and its glyceride
derivatives are useful in the preparation of 1injectables, as are natural
phar maceuwpaaiibise@ccept able oils, such as olive oil or casrarsodideds
especially in their pol yoxyethylated versions. These oil solutions or 15
suspensi ons may al so contain a Iong-chéﬁh'alcohol di luent or dispersant,
such as carboxynethyl cellulose or simlar dispersing agents which are

comonly usgd,i aiLhen, fofulatienngf sgbacaacsuthcak! magaegptiabl e dosage
forms including emulsions and suspenSions. O her commdnly used 20

sur f act ant sfesueheasaTacehsp Sprasadhy stHef.entiPsi ¥RAg agents or
bi oavai | abi lity.enhancers . which_are.co nly N . re of
phar maceut PESH S&Eéﬁb?ﬁbﬁg aSSPPaPlFi§§?8: Bsg§§ge§EéBQStQBEHE§BBH

r-o osage forns may al so

be used fonactbeepunposesecaf chenaubathon. Wwhbn[ 84G6buPasaspenat ofier mul ati ons
may be a single bolus dose, an infusion or a Ioading bol us ,dose foll owed
with ad napHEeksABdrgdsEOrTRE3E BSARposNEi 8BRS HAY1RETSH

¢ _H?ﬁFsﬂéred. once a
day or 0“.@Bm%?ieﬁe%ggﬁ"eﬁﬁibﬁF¥E§é0ZLdTQEsggﬁaﬁﬁﬁebeﬁéé.COEEOS't'OnS of

this 30 invenfion nmay be ora mnistered in any orally acceptable
dosage f or neisickddi ngrteapsalestenabbet §lavagiegusrsaspensnonsgents
solutions,. In &he gase gf tablets for oral use, carriers commonly used
i ncl ude | aPeds8187d"R0783Ff05666 PCT/ USO3/ 18695 - 45 corn starch.

Lubricatingoagents, auebrastARgnesi uAe pheamatentacelaksapbygpicdahky added.
For oral admnistration in a capsule form useful diluents include
| act 088 an@fditibds ésvastapBhMmayhes aduéphstetsfensi 6R§ 5°4FeCfequired for

ng' use, Eﬂgg%%ﬁk%ﬁgkggk89i§55t5§ aaﬁﬁhkeﬁga%&BH.e”?héEEkaﬂ aad .
pendi ng agent’s. desired, certalin sweetening, avoring or coloring
agents prepared by mixing the agent with a suitable non-
irritating excipient which is solid at room temperature
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.
[0109] The pharmaceutical compositions of this
invention may also be administered by nasal aerosol 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 A,, adenosine receptor antagonist
that may 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
30 compositions can be formulated so that a dosage of between
0.01 - 100 mg/kg body weight of the A,, adenosine receptor
antagonist is administered to a patient. receiving these

compositions. In some ebodiments of the invention, the



may al so be added. [0108] Alternatively, the pharmaceutical conpositions
10 of this invention nay be admnistered in the formof suppositories for
rectal adwDrB4o3sed i on. These can be prepared by m xi ng tRE€TAEIN86H t h a
suitable non- irritating excipient which is solid at roomtenperature but
liquid at rectal tenperature and thered@re wll nelt 15 in the rectumto
rel ease the drug. Such materials include cocoa butter, beeswax and

pol yet hyl ene gl ycols, [0109] Th ar maceut j.cal 0S] 1 1 Q j
i nventi on $REAH $F Bk ]ad“rri]nd ﬂ%@%‘grboﬁéf’s%gh%e‘r oso| oérdr&é%%%% gﬁafSuch
conposi ti gns Ak Preprad accorsing 4 el t estindiples dedds koovevém the art

of pharmaceutical formulation and may be prepared as solutions in saline,
enpl oyi ng drerestlakllicdird RRT G suitabite 3t eV Res, absorption
pronoters hance, bi £ abi 1l dd UH DG DN Sre AL PT £ OF ety

convent i ongq)l]glgll ubi %Z%Eg%%l@%é%% e|?)ea}si ng agents. [0110] The anount of
Al b adenospae: r@cept graaidmgoni st depetd mporbea coaibieied of tFeererTarri er

materials to produce a single dosage formwill var ependi t he
nost &1 oot Ul HTE HeP P e uft i e ORCRERY AP st P PPORE TE-g01Eots
conposi ti i &l ash$@ hdadha, dpsage Dfhdelvieense®, Gdnd 100

ng/ kg bodﬁ%%ﬁ%gﬁgﬁﬂb ad%ﬁosﬁa\% tral'ece.ptor .antagonist is

admi ni st eréiket o anpathentine eeki ampnt Hest 1 Gonpt e | hsSXFRe SRy

ebodi ments,of the .invention, e 6 3/ 1869P1r- 46 dosage
is 0.1 - 1#%/%“%%@%%%%%%%%%%%%t O%f%é&%e admini stered as a
si ngl g0 dos@i s@akd it englosesated overudameestabl s stedfpetéod oY time in an

infusion. [0111] A specjfic dosage and treatment_regjnen for any 5
parti cul arfp@i¢ehtCk YL BRPRNS u‘gbﬁhjanv%?‘%et@r%fﬁfjaﬁ otd, the &Y.

The amount of antagonist will also depend on the
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
pharmaceutical 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 construed

as limiting this invention in any manner.

30 EXAMPLES

1. Animal Model and General Procedures

011417 The studies were performed in open-chest,

parbital-anesthetized dogs instrumented to measure heart



including the particular A2b adenosi ne receptor antagonist, the patient's
age, body weight, general health, sex, and diet, and the tine of

adm ni st reDioengses@t e of excretion, drug conbination, andPChass®wsspity of
the particular 10 disease being treated,_ Judgnment of such factors by

medi cal caregivers is within ordinary” skiIT in the art. The anount of
antagonist will also depend on the individual patient to be treated, the
route of admani shiRld Predhed,yne @f viedrmilcatiaon p el chatact eristics
of the conpound used, the severity of the disease, and the desired effect.
The anpunt Fegiionaat ayewiasids adam Lise A dtlem (Fed Lop G aremids] iRk T egnd

phar macoki net | i.nci-pl 3 i h rt.q [.0 AGCGOr di 0 sone
enbodi nment s?\ Erl[eFlclgIglirnr%\g%r%t iot;%%l rpié%\%y\%égr&ae%n%trﬁggldf [gr %gvléﬁatll r?g,&lg'lotfrﬁ ting
or treatingf itheharifa meperfidsi alesagndiygc aoponsinyg ddte st e gfroduce

adm nistering to.a patjient one aof the _abogye-descri phar maceut i cal
conmpositt i onSChERL B3P IT&PFe 1A -t hé' %&nﬁ%’n Oﬁg@ﬁ P HH G Sray 25

be nore fulily wpdessteog, %tféﬂrdi%\@dn%ryehﬁ!ﬁmo%%e@f{i%aﬁetstJiQfﬂH@- I't shoul d
be understood that these exanples are for illustrative purposés only and

are not to (patesisilued dyas andrittiimpdentyils eitpeantliiom)i mrshexpassed 30
EXAMPLES 1. Ani nal _Mdel an eral .Proceduyr [, Q: 1:1 T t udi es were
per f or med Ay (aoBeeﬁ-cgﬁ]ceésatg,e O%a%%ﬁ al -géﬁgstgﬁe#il%}d 0[50%55 iang%errudr%g%t%g to
measur e hearft tHe @34L1e666 RCHWSGI/CLIB8G95 47 rate, blood pressure, left
ventricul ar pressure, and regional myocardial blood flow (radioactive

m croéﬁ’heres). A nmechani cal occl uder was placed around a proxinmal portion

of the Iefty ant @R ARSI IHAbLATRMEY BhlRikd10 Pproduce
[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-1,3-dipropyl-3,7-
dihydro-purine-2,6-dione), BG 9719 (8-(2S-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-1,3-dipropyl-2,3,6,7-
tetrahydro-1H-purin-8-yl)-bicyclo[2.2.2]oct-1~yl]-
propionic acid) beginning 10 minutes before the occlusion.
All of the antagonists were administered at a dose of 1

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

25 pg/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



5 ischem a and reperfusion. At the end of the experinents, infarct size
was determ ned by histochem cal staining (patent blue dye and

tri phenylwetosaewbé um) and expressed as a percentage of tIRETrESgs/8e9mt ri sk
or as a percentage of the entire left ventricle. 10 2. Pretreatnent
Experlnental Protocol [0115] In the préfreatnent protocol (see Figure 1,

pr ot ocol the dogs were subjected to 60 mnutes of coronary artery

occl usi on ?QghgmbguéﬁrQEgesggéRHEgOQC@iﬁ§ioﬁ5é%@éﬁhrégﬁoﬂe§i£é were renoved

and infarct Size was ur groups of dogs were randoniy assi gned
to recei vBiyeheclR) .CPXoy8vEy¢l| dopeatyt - $i3edeppopybed, s either a

di hydr o- puri ne- 2, 6- d|o BG, 9719 poxy- endo-

nor bor n- 9P§C§n§aa?p95 %besr?s é?% §Ff%%r§ gB 0°4i BRe}’, or BG 9928
(3-[4- (2 67 Qk@éﬁtégé ngEHEYEe§t3V§nEr1cle (Figure 1C) was

tetrahydro | Hpurin-8-yl)-bicyclo[2.2 oct-1-yl]- propionic acid)

begi nnbng $bgniAlicasthbef smalihre é@cthgl O g%@PPEfO?héoaﬁtéﬁﬁﬁF§?s wer e
adnlnlstered t Xd E OEeéuc éﬁ S 9¥s @ bus %gh g by and
nf usi 5f 5B gf 19,88 B8 po!

i nfusion of - fmin con |ate re reper f usi on
(70 ninute$nf@tat)51keliﬁ]tEbeQEOmprefndogsghréatadtWdthfBGeﬁ@éé basween

the f t dy hear t d._ bl
i mal | OF L0 GREY FOUEAR dPPERSoFSRBEP bGP ORGP " myBEAPaR&F 2bFbOR: PP ow (ot

Tables 1, 4y,28dsad, asdgﬂBE§EéﬁEb g éhathéeﬂpgxnaaggoﬁawa@bbegtmeae not
af fected by t he :antagonist,s. ere were also no differences in the

porti @f ofveheusetravemuraélQOﬂhate%aé Blppdcteavwt FWpos/ 1Db668n

PCT/ US03/ 18695__ h
Figure | ) PERETef SRR QI eh e JaocRRpeceln hhaErpplpugBe FLBECROR 0N <1 ze:

linear regression analysis. In the CPX-treated and BG
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 9719-treated group. Thus,
treatment with CPX or BG 9928 (but not treatment with BG

20 9719) 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.

25



percentage of the risk region (Figure 1B) or as a percentage of the left
ventricle (Figure 1C) was 5 significantly smaller in the two groups of dogs
treated wiDtoB/1@8% (51% reducti on) or BG 9928 (49% r educt i @e)X/US03/1d6a3 ct sSi ze
in the group of dogs treated with BG. 9948_was simlar to that in the
control group. When infarct size expressed as a percentage of the risk
region was plotted 10 versus transnural collateral blood flow (Figure 1D),
an inverskblkedl ati onship was apparent that could be fitted by Iinear
regression analysis. In the CPX-treated and BG 9928-treated groups, this

r el at i onsHiemodysamiei variekles ffommiretoeold (Rrptigatarentd t he control group,

i ndi cat i ng—t+hat—t5—+nfaret—stze—was—stratter—+n—these—two—groups—at—any

gi venaé degree of coll atemal fleaead fl massoThe repinat i onship betepmen i nfarct
size and collateral blood flow was simlar between—thecontrel—group and
the BG 97114 eated group. Thus, treatnment with CPX or BG 9928 (but not
treatn@nt MM betsiB 20 91?6125@ prhg&zto t1h§at®CC| mi:on re:szuflzt ed gmig signi ficant
reduction ( rct th ngf2 el at. g ito c S stem c
henodynam @’W‘?’? /ﬁf)oiég?i%)ol ﬁgaﬁoglrazgl %F?’oioigé f&(‘é\?vgé)ZSt%\%%B/ 1%%%6%

PCT/ USO3/ 1895 - 49 Table 1. Henodynam c vari ables from Protocol |
(Pretteatiipt). 5 bas@line off30 ocfhll reffie rep@ iy remdli Vehicle 10
HR( beat s/ nmivepat 1553 15352+ 0643461 24463 #5312 1586 + 7AVBP1sBanTiHg) 1880785 1055 1025
1045 1106 1096 LVdP/dt (mmHg/sec) 1663 89 1650 121 1813 119 1650 76

1538 @7 75 CPXss5:2 161 £ 4 150+ 4 1575 160 £ 4 1614

MBP 104 6 1095 1035 1063 114 +4 112%5
LVdP/dt 1838+ 141 1931+125 1819+205 1706+102 17811256 1725%113
BG 9928

25 HR 152+ 2 150 £ 2 151 £ 4 153 £ 4 153 £ 4 154 £ 4
MBP 8746, 9215 955 873 97 %5 99 + 4
LvdP/dt 1518 +154 1631%115 1650%136 1463+62 14631141 146384

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

30
3. Preconditioning Experimental Protocol
[0117] In the preconditioning protocol (see Figure 2,

protocol II) all of the dogs were subjected to 60 minutes
of coronary artery occlusion followed by three hours of

35 reperfusion. Preconditioning was elicited by four 5-
minute occlusion/5-minute reperfusion cycles produced 10
minutes before the 60-minute occlusion. Four groups of
dogs were randomly assigned to receive vehicle, CPX, BG
9719, 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 2R). Preconditioning with four 5 minute-



15 HR 1502 1534 1524 1505 1535 151 5 MBP 904 947 988 975 1026 1056
LvdP/dt 1650 106 1481 146 1631 92 1506 77 1538 74 1538 135 BG 9719
20 HR 1558018103%66.594 1575 1604 161 4 MBP 1046 1095 1035PT0AB0y /18645 1125
LvdP/ dt 1838 141 1931 125 1819 205 1706 102 1781 125 1725 113 BG
9928 25 HR 1522 1502 1514 1534 1534 45#@ - MBP 876 925 955 873 975 994
LvdP/dt 1518 154 1631 115 1650 136 1463 62 1463 141 1463 84 HR

heart rate; art rial res
ventricul &° Sdtonﬂﬁ? e&?r?(?rt%ﬁ%nr%ng p%rsi #e\égﬂt%ﬁdet Pr ot ocol [6_%1&7] I'n

the precongdidivanidig prahasal o seedEquen:t iqr arodolfaddt aizaof the dogs

were subjected to 60 minutes of coronary arter CClcr%cl on f(gl | oned by
t hr ee hourls @f% %dké%fequftﬁmcﬁ%mquﬁeéjc&rﬂjlttheoﬁ}%%ﬁsc Bt y four 5-

m nut e occl theror}_/ ég‘%y ﬁﬁfﬁ?%&cﬂb%&n fYE*legﬁlﬁ othicath ) M mies before
|

the 60-mi nute ocell our groups of dogs were randon1y assigned to
recei v vehicdsge Gmfaﬁ& QMR  (ExBE9g2B dddieniany AP HEIDethore the

first 40 precondltl oni och The ant.agor i st e tered at a
dose of 1 GRf Kgtgk\te L% di eO\(/)i}eecF enan i ATUS | Or?l %(’)ifé 10 ggé %(3;%1 n t hat
was conti %éétec&abﬁ@@etm émdglqi@mmm Uit il sri et s

total). [OT18] Simlar to the pretreatrrent roup there were no 45
si gni ficaralsk fSJeg‘reh’@e%alilWSy@t L WW%%I thediYhal  nyocar di al

glr gggn]:j: f:"{%%eloc%%{ pr oJf ?see b#%dﬁ%%%a%%oﬁim%ﬁﬁr I2§A1)i<§_1€t P¥ econdi t
Lon ngo Wi tdmd Dl 5thﬂa115]u1t1ee VO O3 56681 RTTE ISR 1 869BIp - (Bpgure 2B
and 2C). Preconditioning shifted the relationship between
infarct size and collateral blood flow downward compared
to the non-preconditioned control group (Figure 2D). This
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
BG9928 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 9719) added to the protective

effect of ischemic preconditioning.



occl usion/5-m nute reperfusion cycles before the 60-m nute occlusion
produced a marked reduction in infarct size (-65%reduction) conpared to

t he non- pwe®dneleté oned control group from Protocol | (Fi gorasgBisaesl 2C) .
The 5 average infarct sizes (expressed either as a percentage of the risk
region or the left ventricle) in the grdups of dogs treated with the
adenosi ne receptor antagonists were also significantly smaller conpared to
t he non- ptragondi ti oned control group and were simlar or slightly 10

smal | er than the preconditioned control group (Fi gure 2B and 2C).

Precondi ti Uﬁmﬁ@’r@mﬂt vg@bkﬁérorneﬂ’ratqcewétﬁr?mtaéttwe@ﬁ) infarct size and

col | at eral -+ c
group (Figure 2D). Thlasenrreel atdc&mshlﬁcewas Shtapﬁbred dommard fu,retsher in the
groups of ‘ )

results demgﬁtrat ed that treat rrent W|th CPX BGQ719 or BC59928 did not
bl ocklfhe E%ftaemtnbve efsbe¢t s of3d4schemac preeconditi vacdg el |‘66:tzad by

multiple o ”}%ﬁ Fgl gzﬁag%c iGThe é Its%%%sug ®d that

t reat ment thﬁp%q /fﬁ5f< %8 8 115 r%t BG 4§T to the protectlve
effectL of ¢Bchem c preconditionin / 105666 PCT/ US03/ 18695 - 51

Tabl e'2. Hidwdynani ¢ v fhbl eéssotffomg’?*ift ocolgf?jss (Prefdpditionhid. 5

Basel i ne ooe2@' o0cc604369epd hriooepd 1ags :nep3hriienehi chms16 HR Gleeabs/ min) 155
4 153 4 Ilagg%m( 144 3 144 3 146 2 MBP(nmHg) 1036 101 6 1046 1076 1084

1065 »2p\Vd nMHg/ seg) + 1606 15196 1625 1424550 124.4394 9441356 75
1281 60 @K 15 HR 15103+1503 143483 1505 15149712524 9916 101%5
LVdP/dt 1693 121 1671+ 111 1736+ 130 1500 £ 164 1457 + 153 1479 + 155
BG 9928
25 HR 149 & 1 1492 1501 149 +1 148 % 1 148 % 1
MBP 862 84+3 84+3 80%5 87%5 863!
LVdP/dt 1300 £ 50 140074 137572 1100 £ 50 1125 + 64 1175+ 72
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,

protoceol 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 1 mg/kg i.v.

bolus followed by an infusion of 10 pg/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
9928 during the early phase of reperfusion (Figure 3B).

However, administration of BG 9719 had no protective



MBP 876 884 968 91 5 1005 1006 LVdP/dt 1369140 1294130 1388113 1181 82
125689 1313105 BG 9719 20 HR 1563 1524 1525 1557 1566 1566 MBP 1057 1035
1035 976 WO@3AMbb6 LVAP/ dt 1693 121 1671 111 1736 130 PEOMSOLB691457
153 1479 155 BG 9928 25 HR 1491 1492 1501 1491 1481 1481 ©MBP 862 843 843
805 875 863 LvdP/dt 1300 50 1400 452375 72 1100 50 1125 64 1175 72
HR, heart rate; MBP, nean arterial blood pressure; nmaximl LVdP/dt, |eft

ventricular_dpP/dt. 30 4, e i on, Exper | rﬁﬁf'[f r 40119] In the
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reperfusion. Four groups of dogs were random% a%ﬁ'{gned to eé:ei ve
vehi cl e, CFQUBE OF 1909%rt 2 93D 8V by ik nigF 1 tETREHS -9 he'F el ease
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10 the entire left ventricle (Figure 3D), perhaps due to the
small number of animals studied. These data demonstrated
that CPX and BG 9928 (but not BG 9719) reduced infarct

size when administered at the time of reperfusion.

Table 3.
15 )

Hemodynamic variables from Protocol Il (Reperfusion).

baseline occ30' occe0’ repthr repzhr rep3hr

20

Vehicle

HR (beats/min) 155+ 3 1532 15443 154 +3 152+ 2 152 %5

MBP (mmHg) 1075 1055 1025 104 5 110%6 109+6
25 LVdP/dt (nmHg/sec) 1663 +£89 1650 + 121 1813+119 1650176 1538 + 87 1513+ 75

CPX

HR 150 + 2 149 £ 1 151+ 1 152+ 3 151+ 4 156+ 4

MBP 1024 997 105+ 6 108+ 5 11224 114+ 4
30 LvdP/dt 1556+ 85 1531 % 159 1688 + 105 1688 £ 97 1650 + 57 1631 £ 72

BG 9719

HR 150+ 3 154+ 3 153+ 4 154 £ 5 155+ 6 151 £ 4

MBP 1025 957 1015 1013 1033 97 £5
35 LVdP/dt 1519+ 125 1400 + 149 1569 +165 1500102 142585 1350 + 90

BG 9928

HR 151 £ 1 151+ 3 150+ 2 147 £2 14812 150 £ 3

MBP 906 9005 9% +4 88%5 9215 95+ 4
40 LVdP/dt 1594 £106 1638+ 132 1744 +69 1406 £ 49 1463 + 74 1463 £ 79

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

45



collateral blood flow was shifted downward in the two groups of dogs
treated with CPX or BG 9928 conpared to the control group (Figure 3C). The
reduct i orwonsitedeas ct si ze 5 produced by CPX and BG 9928 i mCThiSe3/ps6e3 ocol
was smaller in magnitude (42% and 44% respectively) conpared to Protocol
| when they were administered prior to SBsthemia and a significant
reduction in infarct size was not observed when the data was expressed as
a percentagg.of 10 the entire left ventricle (Figure 3D), perhaps due to
the small nurrber of animals studi ed. These data denonstrated that CPX and

BG 9928 (%% ard] Jl%od’m@ﬂagﬁ@ﬁrﬁl{n@n) HiohZEroVdes} 1 Bhashehesbat t he
time of ke fbn( Rin%efused. nareliRafex ¥avohatyl ae@ry)r om Prot ocol |11
(Reperjusion). baseline occ30 00060' replhr rep2hr rep3hr 20 Vehicle

HR(beats/min) 1553 153 2 1543 1543 152 2 1525 MBP (mmHg) 1§75 1055 1025
1045 1106 1096 25—t37"‘o°§?9§1—(-mmg/ m—-‘%%%%"ﬁmo ToT 18T 7'5119 1650 76
1538 ]19&37 1\%3 750cca0PX HR<bB02 149becdG11 15@2@r1514 1564%0 MBP 1824 997 1056
1085 4424 Vehide 39 | \dP/ gg 6 85,1531 J52,1P88 dB504P88 09704650 57
1631 72 BG 97109/5E§b 150 1588 shis#5 16560451 4 0MBPod 02505005101 5 101

3 1033 975ndo35 LOERY.et 15&@*0'0225 0010 149 165 1995 g5
1350 {90 'BE 99FF H¥'151%2"4%Y 3 %?f‘o*é’ 1472 Zﬁgg 1503° Q%gg 90%@ z964 885

925 954 4pxLVdP/ dt 1594 106 1638 132 1744 69 1406 49 1463 74 1463 79

epi 0.60 £ 0.08 0.66 £ 0.07 0.97 £0.20
mid 0.66 +0.08 0.64 £0.07 0.78 £0.12 076i012 0671007 094i012
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 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 0.92+0.14 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 0.90 £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 0.48 £0.14 0.45 +0.06 0.83 £ 0.07 0.84 £0.10
30 mid 0.80 £ 0.07 0.71 £0.07 0.49 £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 blood flow data (ml/min/gm) from Protocols I, ll, and lil in the
ischemic-reperfused region (region perfused by the left anterior descending coronary
40 artery).
Protocol | Protocol I Protocol It
45 occ30 rep3hr occ30 rep3hr occ30 rep3hr
Vehicle
epi 0.08 £ 0.01 0.47 £0.10 0.10 £ 0.04 0.48+0.12 0.08+0.01 0.470.10
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 0.66:0.10
CPX
epi 0.15 £ 0.04 0.48 +:0.06 0.07 £0.03 0.62+0.12 0.10+0.01 0.50+0.04
mid 0.08 £0.02 0.49 +0.04 0.05 + 0.01 054+0.11 0.07+0.01 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 0.07%0.01 0.61+0.05
B 9719
epi 0.11£0.03 0.44 £0.10 0.14 £ 0.04 0.63+0.12 0.10+£0.03 0.31+£0.04
60 mid 0.06 £0.02 0.31+0.04 0.08 £ 0.02 0.43+0.04 0.07x0.03 0.33+0.05
endo 0.05 £ 0.01 0.77 £0.19 0.06 % 0.01 0.64+0.10 0.04%0.01 0.72x0.13
transmural 0.09 £ 0.02 0.51£0.10 0.09 £0.02 0.56£0.10 0.09+£0.03 045+0.06
BG 9928
65 epi 0.14 £ 0.05 0.48 +0.11 0.12 £ 0.04 0.45+0.13 010£0.02 0.66+0.12
mid 0.09 £ 0.03 0.39 £0.05 0.06 + 0.01 0.31+0.10 0.08+0.02 0.670.15
.endo 005 £:0.01 0.73£0.12 0.03 £0.01 0D.7240.30 0.05%0.01 1.20+0.15
transmural 0,09 £i0.03 054 0108 0.07 + D01 0.49+0.14 0.08%0.02 0.84x0.12

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



HR, heart rate; MBP, nean arterial blood pressure; maxi mal LVdP/dt, left
ventricular dP/dt. 45 WO 03/ 105666 PCT/ US03/18695 53 Table 4. Regiona
nyocar di avoBoewed | ow data (m /mn/gm from Protocols I, PCT/tsn#1d46b3 in the
non- 5 ischemc region (region perfused by the left circunflex coronary
artery). Protocol | Protocol II Protocof T11 occ30 rep3hr occ30 rep3hr
occ30 rep3hr 10 Vehicle epi 0.65 0.06 0.53 0.05 0.66 0.06 0.69 0.10
.65 0.067843 0.05 md 0.75 0.09 0.60 0.05 0.62 0.07 0.57 0.09 0.75
.09 0.60 0.05 endo 0.76 0.09 0.69 0.09 0.61 0.10 0.59 0.11 0.76

.09 0. 69 DRsé&Fatiohrcanstabts 62 antdgdistFobrtco@bifant@adde A). A7, apd @R ad@rodthe(. 72

. 07 0. 61 reBegiors dbfermied bypadioliGdd bindy® analysis. 0. 07 0.97 0.20 0.85 0.12
69 D.05.0.96 012 nid 0 66008 0 64007 0.780-12.0.760.-12-0-670.07
.940.12 endo 0.540.04 0.61 0.06 0.730.22 0.81 ,0.15 0.71 0.07 1.020.12
20 transnmufFATPYNG00. 06 0. 640. 06 0. 830.20 0.810. 13°B. 690. 06 0.970"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 md
0.77 1g.OG 0 64—007 092014087011 0-66 0.06 0.50 0.02 25 endo
0.77 . 08Py 67 0.08 0.86 0.161d4 884 0.20 0.6320206 0.59 Q,986+420
transmural 0.75 0.07 0.65 0.08 0.90 0.13 0.86 0.12 0.63 0.05 0.52

0.03 BG 98287epi 0.87 0.08 0.78%.808407 0.48 0,82d4:@685 0.0619D783540Q. 07
0.84 0.10 30 md 0.800.07 0.71 0.07 0.490.14 0.470.12 0.870.06 0.890.08
endo 05800BE&R9ZB 790. 06 0.51 0. 12280 560. 14 0. 8563006 52380. 08 37ErAASAE? al

0.82 0.06_0.74 0.06 0.49 ‘0,13 0.50 0,13 0.85 0.05 OfRZ p 08 £ i,

epi car di unfo el TN e PO, SRl e AR T A P 35

Tabl e 5.
20 5. Membrane Preparation

eoeolololoNe

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

25 (Boston, MA); CHO-K1 cell membranes expressing human A;
receptors and HEK 293 cell membranes expressing human Aj
receptors were made from the corresponding stably

transfected cells established in house.

30 6. Radioligand Binding Assays

[0122] Membranes (40-70 pg 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:
[*H]-8-cyclopentyl-1, 3-dipropyxanthine ([?H]-DPCPX) (NEN,
Boston, MA) for A; and B 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 [n5Iodine]—labeled

N6- (4-aminobenzyl)-9- (5- (methylcarbonyl)~p-D-



Regi onal nyocardial blood flow data (mMImn/gm fromProtocols I, Il, and
1l in the ischem c-reperfused region (region perfused by the |left

ant eri or wessaodbérg coronary 40 artery). Protocol | Prot @celushi/1989dt ocol
[11 45 occ30 rep3hr occ30 rep3hr occ30 rep3hr Vehicle epi 0.08 0.01
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.540. 11 0.070.01 0.400.04_ 55 0 0.050.0 . 900,16 0.040.01 0.680.12
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.02 0.67 C%’?%%ne%ng%g&ogg%.Bg%g?g‘ga’ %f]%gl%{b@Ag.ggl’ro&i‘z, 0.30 0.050.01
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receptors determned by radioligand binding analysis. 5 Conpound A, Al a A3
three times with 3-4 mL ice-cold 10 mM Tris-HC1l, pH 7.4
and 5 mM magnesium chloride (MgCl:) at 4°C, and were
counted in a Wallac B-counter (Perkin Elmer, Boston, MA).
Table 7: K; Values (nM) or Percent (%) Inhibition at 10
15 UM Antagonist in Radioligand Competitive
Binding Assays
K; (nM) or Percent (%) Inhibition at 10 uM Antagonist in
Radioligand Competitive Binding Assays
Species
Adenosine Receptor
By Aga Az Az
BG9928 12.2 4059 88.53 + 21.03% 30%°
DPCPX 5.3 156° 56 262
BG9719 10.3 9152 853 + 2702 40.6%
ND: Not done
a: N=3
b: Percent inhibition at 10 puM 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 A; adenosine

25 receptors and [°H]-DPCPX as the radioligand (see Table 7,
Figure 4). The Ky values for BG9928, DPCPX and BG9717 were
4059 nM, 156 nM and 9152 nM, respectively, in competitive
binding assays with recombinant human A, adenosine

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



10 CPX 18.1 4.4 162 22 1,960 420 BG 9719 35.8 4.0 2,820 268 19,070
540 15 BG 9928 28.9 4.1 4,307 1,230 37,670 9,030 K1 values (nM SEM n
= 3) obt aWwped/163666n conpetiti on bi ndi ng experinents w th meehrsnesseds om
transfected HEK 293 cells using 3H CPX, 3H ZM 241385, and 3R-PIA as the
radioligand for A, A23, and A3 receptdrs, respectively. 20 5. Menbrane
Preparation [0121] HEK 293 (Human Enbroyni ¢ Ki dney) nenbranes expressing
human A2b_adenosi ne _receptors, wer u§§p ~& rogpFegept @@ i ooy, HEK
293 cel | trenbrgHES Expre |'en3(I %fr%eg aa$€§c]9ept'ors wer e purchased from

Per Ki nEl mpr, (25 Bast.0n, M) nyChiR-K1, cekl nrerhEaanes expressingyhman A
receptors and HEK 293 cel | nenbranes expressing human A3 receptors were
made fromrebeecanrvedyondimgostoatsliyiver kastldéaged 18] F&COFPAPPIShed i n house.
30 6. Radioligand Bi nding, Assays [.0122] Ne$>43340 ot gr@eNbrane

prot ei n), DUPRH &pp ?gjafh%l 5% |tnogrscoann(|\:égmrhgt :%glr%s of “conpeting |igands
wer e i@cu%tdg@lii%atnrd pldeatdie Q.1 niguleef feer. HE  plus 2 units/nL adenosi ne
deam nase for 2.5 hours at 21C.. 35 The radioli %ands erd efortocorrpeti tive

bi ndi ng ad®dpdIner e Ong-FLNg AP EFe REFEYE, "X & FI7d) ZRChitRe ( [3H]

- DPCPX) (NEN, Bostan, fQr n nasi Re J eGeRties o 3H| - 4- (2-

[ 7- ami no- SetEEAYAS t(%le I\%fezﬁq: toﬁ z@oﬁlgﬁ%g;,g%%:%a;a%( % 3°78) rg?gzi n- 5-

yl am noet hytsprphenaledd 3 ZN2AL38%h f elumd2a 2adedesbréndOreeeppbor s
(Tocris,, Bristol, UK), and ,[125| odine] -labeled N

(4- ani noberaydareg5- (Tretahydnersemi )bﬂ(@lm/\és(fﬁyl%lg‘%h 1SEPF9e0s {605 -
55 ri bof 1) adeni 1251 ] _- AB- . . 3
phen;]qu‘ golé{%%sétﬁ)eﬁ%?%ﬁléqgﬁ(s%pﬁp#ﬁf 'f (%FVE%) gsgﬁggr%gsgggggptlgr go(obot h

fl(r)Om EEN Bastien 1 W o £ NORg ool g8 sbbadunggwdFigeasui’ed in the presence of

7. Radioligand Binding Assay

[0125] Membranes (50 pg 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,z adenosine receptors was [3H]—8—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 Tris-HC1l, pH 7.4

and 5 mM magnesium chloride (MgClz) 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 plotted using Prizm GraphPad. The

Cheng-Prusoff equation K; = ICsp/ (1+[I1/Kp) was used to

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



5 et hyl car box' am doadenosi ne (NECA, from RBI-Sigma, Natick, M) for A and
A2b receptors, or 10 M xanthine am no congener (XAC, from RBI-Si gna,
Nat i ck, MN&PD oBoosefRa receptors. Binding assays were term marTasodyseos
filtration over Whatman G-/ C glass fiber filters using a BRANDEL cell 10
harvester (Gaithersburg, MD). The filt&/s—were rinsed three times with 3-4
m. ice-cold 10 "M Tris-HC1, pH 7.4 and 5 nM nagnesi um chl oride (MCl2) at

4C, and we 3- ( in El on, MA).
Tabl o 7: KECUHTEES CARFCBR tPr 6ot s (5 K ARTB7 I DA hE” 1015 BM ARt agoni st in
Radi ol i gandofoepetatiuva oBlnﬂengréssayslallgamm,oan&ngeni 9 | nhibition
at 10 pM Antagoni st in Radi nd Co itiv i.nhdi ng says Speci es
Adenosi ne ReEeptbY APnAFENA2 ogsghgcgggg %?g%ngoggﬂgégSQAg §¥6§39§00b
DPCPX 5.3 156§)56 @62 R, 3749 JO. 352 853 A%l 40 6%1 D Not done a:
N=3 b: Percent inhibition at 10 1M BG928. 20 c See J. Linden, Annu. Rev.
Phar mabol . iToghtdbn, aze, pppvides- ¥87Te¢RDE1$: [0123] The Kl val ues for
B&X928, DPCPX and B&717 were 12.2 nM 5.3 nMand 10.3 nM respectively,
in conpetitive binding assays with reconbi nant human Al adenosi ne 25
receptors and [ 3H]-DPCPX as the radioligand (see Table 7, Figure 4) . The
K= val ues for B@928, DPCPX and B®717 were 4059 nM 156 nM and 9152 nM

respectively, in conpetitive binding, -assays with reconbinant human A2: a
adenosine receptors and [3H]-ZM241385 as the radioligand (see Table



WO 03/ 105666 PCT/US03/18695 - 56 7, Figure 5). The KI value for B&@928,
DPCPX and B&®717 was 88.53 21.03 nM (N=3), 56 nMand 853 270 nM (N=3),
respect i Weby3/10ss6€onpetitive binding with reconbi nant humran/vA@bi1ssgenosi ne
receptors and [3H] -2ZM241385 as the 5 radioligand (see Table 7, Figure 6).
[0124] One-point binding assays were-peBformed to determine the effect of
10 M B&928 on the binding of [1251]-AB-MECA to reconbi nant human A3
adenosi ne tor ranes... ln - poi.nt biddj S with

r econbi nan ﬁ%‘é?hét}rraKﬁnE%Ba e(n?{ggll%lelgr%%%re&%?g%sl,%‘i% ﬂl%/lq%%ﬁ% érveésul ted in 30%

i nhi bi ti on—of_I3H - ZM241385 bi-nei-rg{lgtte T/ gmm Radi ol i gand Bi ndi ng

Assay [ 013 Ve iséfﬂ%lge(SO g renbrane proteifn), 15 radioligands, and
varying cqgncentrati oznso of conpeting ligandg were ijncubated in triplicate

in 0.1 nm_ |buffer HE-(N" MS 2 units/ mL adenosijne deanj nase for 2 hours at
21C.  The|radiol i gagd+uged fof conpetitive Hinding pssays for human A2B
adenosi ne |recept o g wa 3H| - 8-cycl opentyl -1, 3 20 di propyxant hi ne

([ 3H] - DPCRX, 30-40 nM (NBN* Boston, MA). Nonspecific binding was neasured
in the presence of 10 M 5 N-¢PRNASKEAREE e adentid) ne (NECA; from

RBI - Si gma,; Natick, MA). Bindifng assays werg termnpted by filtration over
VWhat man G/ C gl assmcj/\imb%gj filters using a BRANDEL ce|l 25 harvester

(Gai thershurg, M. . b f{iTtes were rinsed | three times with 3 to 4 niL
ice-cold 10 mM Tri s-I-ﬂ&?l, pH 744 and 5 nM nmagnesi unj chloride (Mgd 2) at 4C
and were dounted |in a Wallac|(3-counter (Perkin El per, Boston, M. [0126]
ConpetitiVve bindifng data wer e |AoERoOSING AzB (8KPEQ) le  3015¢| t e bi ndi ng nodel and
plotted uging Prizm G aphPad. |The Cheng-Prusoff eqbation K1 = |C50,/

(1+[1] /.K: D) was Hq\s/e\d to caliculate KI val ues fron]lC50 val ues, where Ki
is the T~

A -
3 ADENOSINE A2B (HEK293) 27
b
we~_ =
5:'%
4 - ADENOSINE A2B (HEK293) 39

5 ADENOSINE A2B (HEK293) 451
H;c\/\N)lj[NH
1 OH
LD
L
6 ADENOSINE A2B (HEK293) 47

7 ) ADENOSINE A2B (HEK293) 51.4

8 ADENOSINE A2B (HEK293) 55.2




WO 03/ 105666 PCT/US03/18695 - 57 affinity constant for the conpeting
ligand, [I] is the concentration of the free radioligand, and KD is the
af finity worstiessse f or the radioligand (Cheng and Prusoff PLIABpP3/186he Kl

val ues of several conpounds of this 5 invention are provided in Table 8. WO
03/ 105666 PCT/ US03/18695 - 58 TABLE 8° K= (nM in Radioligand Conpetitive
Bi ndi ng Assays Conpound No. Structure Assay Ki (nM H O NNI N HCG

Qz,}H N Cng . “?ﬁ%@&;}E A28 I‘II:r\L:ﬂissA.yLI- 62 /-\WNE A26 (HEK293) 15.2
H C-\N N ¢ ||\||% AZB(HERZ93) Z7 | X, 4 ADENOSI NE A2B HEK293 39
H-H H 5 ADENOSI NE |A2 HE‘KQ93 45,1 OHCdA NOH| N 6 ADENCSI NE A2B
(HEK293) 47 7 ADENOS \E’)ﬁiQB HEK293) 51.4
HN
S CH,
OH
9 ADENOSINE A2B (HEK293) 76.9
‘
10 ADENOSINE A2B (HEK293) 85.6
e o
e o o S
! ‘h_({ .
11 ADENOSINE A2B (HEK293) 93
12 - ADENOSINE A2B (HEK293) 100
u,c\/\:;‘f‘éiu
13 ) ADENOSINE A2B (HEK293) 117
WE oy ,{
j:) @DH
14 ADENOSINE A2B (HEK293) 125
15 ADENOSINE A2B (HEK293) 127
L1
1) |ADENOSINE A2B (HEK293) 131




OHOOM N NH 8 ADENCSI NE A26 (HEK293) 55.2 WD 03/105666 PCT/ US03/ 18695
- 59 Conpound No. Structure Assay Ki (nM CH ~NM O HN ~ N-\-CH3 OH 9
ADENCSI NBVA2B/103d6K293) 76.9 10 ADENGCSI NE A26 (HEK293) 85PET/USM3/AENOSI NE
A2B (HEK293) 93, 12 ADENCSI NE A26 (HEK293) 100 13 ADENGCSI NE A26 ( HEK293)
117 Co" 14 ADENCSI NE A2B (HEK293) 12560Hsl ~ -, H 15 ADENCSI NE A26 (HEK293)
127 t1 (61 1ADENCSI NE A2B HEK293; 1.31! WD 03/105666 PCT/ US03/18695 - 60
Compound No. Structure Assay Ki (W 17 ADENCSI NE A2B (HEK293) 159.62 168
18ADENCSI NE_A26 (HEK293) 8. Flourescence |mnging Plate Reader (FLIPR)
Funct i onal [comeeaydstictiro127] Fllour eséesace | nggitf¥hl bt e reader (FLIPR)
assays for the dgterm nation]|of cal cium werle perfofned w th HEK

o .
Py
o)\u i H 4
L

17 ADENOSINE A2B (HEK293) 159.62

' V\Jéj:m%@\_g

18 ADENOSINE A2B (HEK293) 168

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
Do, adenosine receptors and CHO-K1 cells that exhibit
stable expression of recombinant human A; adenosine

10 receptors. Cells were seeded into 96-well tissue culture
plates with black walls and clear bottoms, and cultured to
an 80-90% confluent 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 transferred
to the FLIPR unit (Molecular Devices).
[0128] For assay of recombinant human A; adenosine
receptors, CHO-K1 cells were incubated with increasing
doses of agonist (N6-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 with increasing concentrations
(1072 M to 107> M) of antagonist, BG9928. For assay of

recombinant human and rat A, adenosine receptors, HEK-293



293 cells which exhibit stable expression of human and rat Al b adenosi ne
receptors and CHO Kl cells that exhibit stable expression of reconbi nant
human Al woenoeiene 10 receptors. Cells were seeded into 9®CEAISD3/1863Tue
culture plates with black walls and clear bottons, and cultured to an
80-90% confl uent nonol ayer. Wthout +eoving the nedia, an equal vol une of
dye (fromcal cium assay kit purchased from Mol ecul ar Devi ces) was added.

Cell plates 15 were incubated faqr . 1 .hour 7 e ddentt ransferred
to the FLIqEIilﬁnWter(el\/Blnéé’%a&rEdDé’\ﬁt@e )ncrfﬁfﬂ’g o%%f%s\sé%r/ é]t r econbi nant
human Al a(cgerip_gt@l 1 =88R M iS0 28I neg| Ngomgr ed nEtzatreichenittie i ncr easi ng
doses of agonist ((N6-cycl opentyl aden05| ne, %;Q to 20 determ ne the

concent ratamemn‘tragomnstofi [repronysyto dleéd é_’orfaﬂfm?mnfaé%lﬁme. Thi s
concentration of agonist (200 M th C \ creasi ng
concentratliecﬁ’Péms(e 1' R PGS ]’fg?é?nlvl\%?fs ang%ngécgoﬁabg&F%%A %dgx”gz 8. For

assay Qﬂgﬁ %E@Ps)an@rrﬁérfi@g agleneshreat eoept 0fsr HEK-283 WO
03/ 10 666 3/7186 cells were | ncubat ed with increasing doses
of agoni streddptdret)hyera ﬁd)ee{mldm E‘@ébr@cao“d’é?{ ermne the

concentration of aganst_t hat €, g}jzga (extum 4 esponse?® Mhis
concent r atfYH BIt héaf{\)ﬁr%%éc&l ?human A2b receptors) or varying

concent r at# onshifar 2.8t ré\tptofecepuom) wed @, tben3PcoBated WRENAdbncreasi ng
concentrations of antagonist, B&928 (10-12 Mto 5 x 10-6 M for human A2b
recptors arece-onslo0, or 300 nMfor rat A2b receptors). 10 [0129] The

FLI PR i nt eﬁ@ éa]ts an @{gof 1 Bseinxsidadd oh SayucelaseDbexeltapigpettor, and
adetectlo em utilizing a (Charged Coupl ed Device) imaging

canmer a. Fécbl@:fc&s,cemc%ﬁmls]smm;seﬁm taved % G%btler’%t%@? e‘SYr%‘h(F ored

utilizing a CCD (Charged Coupled Device) imaging camera.

Fluorescence emissions from the 96 wells were monitored
simultaneously at excitation and emission wavelength of
15 488 and 520 nm, respectively. Fluorescence data were
collected at 1l-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 stably expressed in CHO-K1 cells. The
antagonist dissociation constant (Kg) for BG9928 and 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 Az adenosine receptors,
which were stably expressed in HEK293 cells. The
antagonist Ks for BG9928, BG9719 and DPCPX was 3.36 nM, 182
30 nM and 23.6 nM, respectively, on recombinant human Ay
adenosine receptors using null methodology (see Table 9

and Figure 9).



si mul t aneously at excitation and em ssion wavel ength of 15 488 and 520 nm
respectively. Fluorescence data were collected at 1-sec intervals before
and afterweiogmidicemeous rapid addition of compounds to th@cyarseeideopl ate.
Results were read as relative fluorescence units (RFU). [0130] FLIPR
functional assays were performed with 920"B@928 using reconbi nant hunan Al
adenosi ne receptors, which were stably expressed in CHO Ki cells. The
antagoni st g1 $5pC1 at LofRoBshant ohkB) o L0s,BWO28 padcBEAZAIiwAS 0. 60 nM
and 0.46 n re pectlver on reconbi nant %urran \l adenosi ne receptor using
nul | net hoHeboRy (serg Tabtem9inastandt FRguerdedpsingl FECSFNUPR f WhéChona

assays were perforned with BG3928 i rec i na h dgnosi ne
recept or s, "eHifi EhafieY eSEPABF§C beeg@égg? nc?-gg% ?é?l é%?ﬁéggﬁt@ag%ni st KB
for B3928¢,BRZ392andaDPERX wasuding A 1182th38ondhandna3tBenih,
respectively, on reconbi nant human A2b  adenosi ne recegt ors.using null

met hodbl ogya¢see5Tabbeng Sghéilei agatveis) (seeOl'e8120868B8PEFFIED3/ 18695 -
62 [0132] 5 | PR functional assays were perforned with BG928 using
reconbi nant 't at A2b adenosi ne receptors, which were stably expressed in

HEK293 cel | s, ., The ant aggni st for 9 I | 5

net hodol og%a'gﬁﬁ ?he p gés %%%e;us(l n gg%ﬁlg%(%{?é%iﬁgﬁ%agﬁe 9 and
Figure 10). Table 9: 1 “lifc 1"(an SFatdes Tor Ant agonists in FLIPR
Functional Assays (Humdth or

Subtypes) KB (nM for Antagonists in

FLI PR Funcfional 7/ Speci es Assays Adenosi ne Receptor
Kz (nM) for Antagonists in FLIPR Functional
Species Assays
Adenosine Receptor
A Aza Azp Az
BG9928 0.60 ND 3.36 ND
BG9719 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 Kr = ICso/ (1+[I]/Kp) was used to calculate K

20 values from ICsy values, where K; is the affinity constant
for the competing ligand, [I] is the concentration of the
free radioligand, and Kp is the affinity constant for the
radioligand (Cheng and Prusoff 1973).
[0134] In FLIPR functional assays, agonist

25 concentration-response curves were fitted to a logistic
equation by use of the non-linear regression program in
Prizm GraphPad. Antagonist dissociation constants (Kp) was

estimated using the null method developed by Lazareno and



Al Ala 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 nean
st andar d wprienoswhé the nean (SEM or standard devi ation ( 8Dr/uUsSBaisspati on
15 data were anal yzed using Marquardt's non-linear |east squares nethods
and plotted using Prizm G aphPad. Conpé8itive binding data were fit to a
single site binding nodel and plotted using Prizm G aphPad. The

Cheng- Prusoff equat| KI = of . (l+ ; ) cal cul ate Ki
20 val ues ??%%F%giggf]beS,Am%%lei?(l ‘J’l?%i¥%1le4 a‘é%?n?%ﬁ%%ﬁgga%f for the
conpeting Liganshe [theigotbgcgonceriis atdmpowids hes dneageadis®ds i Gafvd,- and KD
is the affinity constant for the radioli goand ((Cheng and. Pr chaOfJniJsgcn)'
[0134] | n PAM PR filictiegmllivisss ohaddii SO T ath G SFesponse curves
were fitte L Pgi st qyasl y - 0f n t Ige N@Bn EEAEASL L &FF €SSi on
program i ngh%:’{)i ?Cﬁlﬁn?%é%bﬁﬁgg élA%t gg%(gl)i 2}?@%' ssoci ation constants ! (KB) was
esti mated usipentdecanie, nehbod desebopedidy dafiredo2anddhWH3FRD5666

PCT/ US03/ 18695 - 63 Roberts (1987). A Schild analysis was perforned to
estimat e tHR*PBYBNEGSBP Ffie conpounds as antagonists (pA2). PA2 is the
negative |l og of the concentration of antagoni st that could produce a
2-fold shift in the concentration 5 response curve, where response was
defined as 50% of the naxi numresponse. WD 03/ 105666 PCT/US03/18695 - 64
CLAI M5



W claim 1. A nethod of preventing, limting, or treating ischema
reperfusion injury in a mammal, conprising: 5 identifying a mammal that has
under gonewansilgsheni ¢ event, or in which an ischem c eveRCTIGSoy/mshhent ;
and administering a therapeutically effective or prophylactically

ef fective anount of an A2b adenosi ne %ceptor antagonist to the manmmal
within ten days before 10 or after the ischem c event; wherein the A2b
adenosi ne receptor antagonist is a conpound of formula (1) X1 R / 3 NN
JLRARS Xa i X3 R2 15 or a pharnaceutically acceptable salt or N oxide
thereof, wherein: each of Rlr R2, af”ARE independently, is: a) hydrogen;
20 b) Cl1-6 alkyl, C2_6 alkenyl, or C2-6 alkynyl: wherein said alkyl,

al kenyl, or al kynyl ye idiker unsubstituted or substituted with one or
nore substituents selected from the group consi sting of hydroxy, al koxy,

am no, nonoal kyl am _no dlalk | ami no, loaal 2 cycl yl
aral kyl , heterocyclﬂ{ahk??t aéyPgnPﬁﬁve épﬂylg¥?l%6gééar ér?$£958 yery

al kyl sul f g A0 - S0k £l dorl A iasy fony hiar¥@ 103/ L6686 PR US03/ 18695 -
65 «¢) substl nsubstltuted aryl; or
5 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 Ay, adenosine
receptor antagonist to the mammal within ten days before
10 or after the ischemic event;
wherein the A, adenosine receptor antagonist is a
compound of formula (I)

X4 R,

/
R

1\N N

4%J\\ | ;>———&——& o
X N X3

o

Rz

15
or a pharmaceutically acceptable salt or N-oxide thereof,
wherein:
each of Ry, Ry, and Rs, independently, is:
a) hydrogen;
20 b) Ci-¢ alkyl, Co-g alkenyl, or Cz 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, dialkylamino, cycloalkyl, aryl,

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

alkylaminosulfonyl;



d) substituted or unsubstituted heterocyclyl; R4 is a single bond, -0-, -
(CH2) 1-3-, -0 (CH2) 1-2-, -CH20CH2-, - (CH2) 1_20-, -CH=CHCH2-, -CH=CH,
or - CH2CHxOMBL0B6dR5 is: (a) phenyl, or (b) a bicyclic or tCraped/18s9gr oup
selected fromthe group consisting of: z~" 0 O and Jr 10 wherein the
phenyl, bicyclic, or tricyclic group i® elther unsubstituted or
substituted with one or nore Ra groups, which is selected fromthe group

consisting of: (a) Cl1.6. alkyl 36 Bk 8 RY k- JOF .6 &l kynyl; wherein said
al kyl, al kenyl ,C)orsugsﬁ%cﬁti%r 86g%|ngue§<:h 15 ei Fﬁgg*unsubsti tuted or

substituted w W @a®seiturede oxsubstsubesitstsel betted ocyemvilie gr oup

consi sting of am no, nonoal kyl agi no,  dj.al kyl am Subst i

unsubst i t Reeds ﬁeFéPSé?cPng’ﬁ Earﬁéﬁbﬁ,l‘}zlof (adr:fhnftl)z)) 'PRY) e 882,

acyl hydr azi (@p%garzggnch —cf1affl -no)-diRDH-AC Yd 0 XCIRITIBICOH— ;

(hydr oxy) (car al oxy) aFkyI car banoyl, acyl oxy, al dehydo,

al kenyl sulRsohgkam no, al koxy, al koxycarbonyl, al kyl am noal kyl am no, 25

di al kyl am noal kyl am no, al kyl phosphono, WD 03/105666 PCT/US03/18695 - 66
al kyl sul f diy| &R c&banoyl, Rb-, Ro-al koxy-, Rb- al kylam no-, cyano,
cyanoal kyl gar hamadycl iy d:0alyyartino g il ledshosshdiiem the group

consisting of:

py
bbb

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

(a) Ci-¢ alkyl, Ca.g alkenyl, or Ci- alkynyl; wherein
said alkyl, 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) (Rp)acylhydrazinylcarbonyl-,

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

25 dialkylaminoalkylamino, alkylphosphono,



hal oal kyl sul f onyl am no, heterocyclyl al kyl am no, 5 heterocyclyl carbanoyl,
hydr oxy, hydroxyal kyl sul f onyl am no, oxi m no, phosphono, substituted or
unsubst i twDed/1e¥ed Kyl am no, substituted or unsubstitut edPCT/US03/18695
aryl car boxyal koxycar bonyl , substituted or 10 unsubstituted

het er oaryl sul fonyl am no, substituted &t unsubstituted heterocyclyl,

t hi ocarbanoyl, and trifluoronethyl; and (b) ﬁalkoxyc rb%Egg _ 3

ar al kyl car baroy| , 23KdeEy46°NY APREABxy C2APRBAYE s uRt onyFaif e = Y4k d¥y, 15

al koxycar bonyl , a yl koxygarhenyh agi-pa 1,
aIkoxycarbonylalk%ﬁ%&?%@?ﬁgg(kgyggkfonylanino? alkylggyfonyloxy, am no,

am noal kyl ar al kyl egchagbyl lasimneabikpl &gt bamsphono,

am noal kyl het erocycl yl al kyl car.ba | . 20 -
aninocycloalkylaléﬁﬁ8§ikgiﬁ FSE?@%W&?P{ h&%ﬁﬁ8cgﬁéy%gﬁ%¥ﬂg§% afoyl

ar al koxycar bonyl apiRerocatybhetepaayelly! hyarpkexy, aryl sul fonyl am no,
aryl sul f onyl oxy, carbanoyl, carbonyl, )-, Rb- al koxy-, Rb-al kylthio-,
Ro-al kyl (al kyl) &nidmexyaiiy25uaifRpyleairgl) o&arharpy PROSREORCkyI ani no-

o ok e PanbYlspsBhraion Byl LaTibse B <8l kybawuhanyhal no

Rb- al kyl t hi o, Rb- "heterocyc arbony am noal kyl am nocar bonyl ,
di al kyl am noal kyl amiosaitaltkyl ar nosukpitatuted 30 cyano, cycl oal kyl am no,

oxi i hor | phosphate IeaBe YAt S S G ReTaY | CUPEd iRk no.
subst{g uted or ungubshistyted WOnR3L1E2668 sHCEHSA3MiBG6I5 substd tuted
het erocycl yl, substituted or unsubstituted
or unsubstituted heterocyclyl, thiocarbamoyl, and
trifluoromethyl; and
(b) (alkoxycarbonyl)aralkylcarbamoyl, aldehydo,
alkenoxy, alkenylsulfonylamino, alkoxy,

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

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

25 alkyl (alkyl)carbamoyl-, Rp—alkylamino-, Rp-
alkylcarbamoyl-, Rp—alkylsulfonyl-, Rp-
alkylsulfonylamino, Re—alkylthio, Rp-
heterocyclylcarbonyl, aminoalkylaminocarbonyl,
dialkylaminoalkylamino, alkylaminoalkylamino,

30 cyano, cycloalkylamino, dialkylaminoalkylcarbamoyl,
halogen, heterocyclylalkylamino, hydroxy, oximino,
phosphate, substituted or unsubstituted

aralkylamino, substituted or unsubstituted



het er ocycl yl sul f onyl am no, sul foxyacyl am no, and thiocarbamoyl; Rb is

sel ected fromthe group consisting of -COOH, 5 -C (CF3) 20H,

- CONHNHSO®R GFe31056Q@ONHORC, - CONHSO2R, , - CONHSO2NHR, , - C ( OHPCRAB83PR695

- NHCOCF3, - NHCONHSO2R, :, -NHPO3H2, -NHSO02Rc, - NHSO2NHCORC, - OPO3H2r
-0SCB8H, -PO (OH) R, -PCBH2, -S03H, ~-832RHR , - SO3NHCORc, - SO3NHCONHCO2RC,
and the following: 10 HON -F1-4 \ NNONN/NN-\ NH\\ NCF3 HONH
nnrv S, HRO O Hgtéﬁ&%g&ﬂyﬂgﬁsdﬂstﬂ@ht@dHNrHuHshBékiHﬁtdal? OR,, is
selected fromthe group consisting of hydrogen, -C1 4 alkyl, -Cl1 4

al kyl - CO2H, and pherroaprdndisultfenylenincg| eyl foxYEE AR CFAY  and
phenyl groups are .either unsutls_ti tuted 15 or substituted with one to three
substituents sele Franine ‘group consi sting of hal ogen, -OH -QOw,
-NH2, - NQR, unssbsddddd etk-dienzyd ,gwoub benmylstsiutystdf ut@PWi th one to
three substituents selected fromthe %gou consj EIHS g, of hal ogen, -OH,
-OVe, SNH2-C4RH:-K82; ~SONKNHERdC K ar N endent &25%4 ected fromthe

group consisking @z 0 ard o) R@BEH,, -NHCOCFs, -NHCONHSOzR., —-NHPOsH:,
_NHSO,R., -NHSO,NHCORs, -OPOsHp, —OSOsH, —PO(OH)Re, -POsHg,
~SOsH, -SO,NHR., -SO;NHCOR., —SO;NHCONHCO;Rc, and the

following:
10

O
Nl/ N\\N N~ N\\ KO\ oH
/ | N g_'_ N l
a’ N 7 é—.\ |
S K
7~ 0 C

R. is selected from the group consisting of hydrogen, -Ci-q4
alkyl, -Ci-q alkyl-CO.H, and phenyl, wherein the -Ci-4 alkyl,
—-Cy-4 alkyl-COH, 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 benzyl substituted with one
to three substituents selected from the group consisting
of halogen, -OH, -OMe, -NHz, and -NOz;
20 X, and X, are independently selected from the group
consisting of O and S; and
X; is N or CRgq wherein Ry is selected from the group
consisting of:

a) hydrogen;



X3 is Nor CRd wherein Rd is selected fromthe group consisting of: a)
hydr ogen; WO 03/ 105666 PCT/US03/18695 - 68 b) C1_6 al kyl, 02 6 al kenyl,
or C2_6 awkynmbseemherein said al kyl, al kenyl, or al kynyl PC3/US0¥/ 8895
unsubstituted or substituted with one or nore substituents selected from
the group consisting of hydroxy, alkox§® anmino, 5 nmonoal kyl ani no,

di al kyl am no, cycloal kyl, aryl, heterocyclyl, aral kyl, heterocyclylal kyl,
acyl am no, al 1 no, ny, f l@anm ng, :ﬁWJ; wherein

al kyl ami nosul f(lggni/la@'ﬁ)a?@g stitu Zédf%%%'s%%t%%%k aryl; and 10 d)
substitut eshod ahspbstaliderd heteraklylyl . is Z2ither nerdides biteted ma,
wherein R is CL 6 alkyl. 3. The nethod of claimJl, i i1s Cl1L 6

al kyl . 15 il‘.lbSI‘W?’IJe":_‘i’ﬁéefCI’J"lo"ﬂ%%kfL PR P OTheT B (?nst%ysro%ge%@ JL;\).gorii‘he met hod
of claim l,,uhersi %néa?s@iﬁ%r@feny@@&@y, 6a1 Ay edmidgo pf clai m 1, wherein
R5 is phenyl Substituted with Ra. 20 7. The nethod of claim1, wherein R5
is a Subshonodkdybimiedi cdbrliylapeioc YeiRRseyect@t¥romthe group

ConSiStinghg{érgg§g§§f95§§§lﬁ§azLﬁ%@%ﬂé%§%ﬁylaf%&lFha£§§amf@o;) Ra O Ra R,
alkylaminocarbonyl, alkylsulfonylamino, and
alkylaminosulfonyl;
c) substituted or unsubstituted aryl; and

10 d) substituted or unsubstituted heterocyclyl.

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

alkyl.
3. The method of claim 1, wherein Ry is Cig
alkyl.
15 4. The method of claim 1, wherein Rs is hydrogen.
5. The method of claim 1, wherein R; is a single
bond.

6. The method of claim 1, wherein Rs is phenyl

substituted with Ra.

20 7. The method of claim 1, wherein Rs is a
substituted bicyclic orvtricyclic group selected from the

group consisting of:



and 4 8. The nethod of claim1l1l, wherein R5 is or 4 wherein said R5 is
ei ther unsubstituted or substituted with 5 one or nore Ra groups sel ected
from t he wopmapossensi sting of: (a) CL_6 al kyl, C2_6 al kenpCI/usn3/(X69%
al kynyl; wherein said al kyl, alkenyl, gr al kynyl group is each either
unsubstituted or substituted with ong 8F 10 nore substituents selected from
the group consisting of am no, nonoal kyl am no, dial kyl am no, substituted
or unsubstituted heterocyclylam necarbonyl, (am no) (Rb)
acyl hydr azi nyl car bonyl -, 15 (am né)Rb) acyl oxycar boxy-,
(hydr oxy) (car boal koxy) &l kyl car banoyl )\ acyl oxy, al dehydo,
al kenyl sul f onyl am no, e, almm<L€itonyl, aIky‘:-lgoaIkyIanino,

s 0 al kyl's x| am no, carbanoyl,

di al kyl am noal kyl am nfo

Rb-, Rb-al koxy-, Rb-73 > cyanoal anoyl, WD 03/ 105666
PCT/ US03/ 18695 - 70 cycl oal kyl am no, ’

hal oal kyl sul f onyl am no,, heterocycl yl al kyd,am no, heterocyclyl carbanoyl,

hydr oxy, hydroxyal kyl/Qul f onyl am no, /loxi m no, phospf

unsubstituted aral kyl an<n®, substip H, or unsubst & ed

aryl car boxyal koxyca , SubstitAtled/or yYpsub ped

het er oar yl sul f onyl ami/no,” substitu or > unsubst/ d heterocyclyl,
t hi ocar banoyl, and e T .

8. The method of claim 1, wherein Rs is

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

(a) Ci-¢ alkyl, Cs-g alkenyl, or Cz-g 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, monocalkylamino, dialkylamino,
substituted or unsubstituted
heterocyclylaminocarbonyl,

(amino) (Ryp) acylhydrazinylcarbonyl-,

15 (amino) (Rp) acyloxycarboxy-, .

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

20 alkylsulfonylamino, carbamoyl, Rp=, Rp~alkoxy-, Rp-

"alkylamino-, cyano, cyanoalkylcarbamoyl,



10 trifluoronethyl; and (b) (al koxycarbonyl) aral kyl carbanoyl, al dehydo,
al kenoxy, al kenyl sul fonyl am no, al koxy, al koxycarbonyl, al kyl carbanoyl,
al koxycarwornghessséo, al koxycarbonyl al kyl am no, 15 al kyl sulPCanssbamend,

al kyl sul fonyl oxy, amino, am noal kyl aral kyl carbanoyl, am noal kyl car banoyl ,
am noal kyl het erocycl yl al kyl car banoyl ,~

am nocycl oal kyl al kyl cycl oal kyl car bam)yl am nocycl oal kyl car banoyl ,
ar al koxycar bonyl am fon 0 26 Ialhﬂ%er&fémlzyip Sy, aryl sul fonyl anino,
aryl sul f onyl oxy, anoyl,~ car bonyl Rb-" al koxy-, Rb-al kylthio-,

Ro-al kyl (al kyl) amh@aj,kmuhfdnwl(mm,)&a@tt@mmyclyk@llsw@mﬂam@no- Rb-

al kyl car banoyl - al kyl su a ul f onyl am no, Rb-al kyl thi o,
Ro- heterocycl yl c??%%‘?‘lfl Cy%hﬁ%%%%%lsa\{b% no ‘h%&%@ di al kyl ani noal kyi ani no,
al kyl am noal kyl ami m@drogy@npylgupf@aymamnooxﬁnmaylpmmm:kg,l car banoyl ,
hal ogen, heterocyclyl al kyl am no, hydroxy, oxim no, hosphat e,

30
substi tut ed or unseBa$Fitieked %ﬂ?a‘Frk%k%ﬁﬁﬁ%ut%%b%WJtlﬁY%ﬂer?ounsubst| t ut ed
h, eterocycl,y. I, sy@% H\F@Qdoéruﬁ'r?%{?&éﬁﬂ“ﬁ’@gdm 03/ 105666 PCT/ US03/ 18695
su

- 71 heter ocycl yl am no oxyacyl am no, and thiocarbamoyl. 9.
The met hod of cl ai m;llca\tﬂemeymllmxy@awleycledsubﬁSbhtltlh%dg@bup consi sting

oot ot oA LA oS DB O M S S Bl
one or nore substytugnispsel ected Hé@@ié@ﬁcgypupthlocarbamoyl, and

10 trifluoromethyl; and

(b) (alkoxycarbonyl)aralkylcarbamoyl, aldehydo,
alkenoxy, alkenylsulfonylamino, alkoxy,
alkoxycarbonyl, alkylcarbamoyl,
alkoxycarbonylamino, alkoxycarbonylalkylamino,

15 alkylsulfonylamino, alkylsulfonyloxy, amino,
aminoalkylaralkylcarbamoyl, aminoalkylcarbamoyl,
aminoalkylheterocyclylalkylcarbamoyl,
aminocycloalkylalkylcycloalkylcarbamoyl,
aminocycloalkylcarbamoyl, aralkoxycarbonylamino,

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

25 alkylsulfonylamino, Rp—-alkylthio, Rp-
heterocyclylcarbonyl, aminocalkylaminocarbonyl,
dialkylaminoalkylamino, alkylaminoalkylamino,
cyano, cycloalkylamino, dialkylaminoalkylcarbamoyl,
halogen, heterocyclylalkylamino, hydroxy, oximino,

30 phosphate, substituted or unsubstituted
aralkylamino, substituted or unsubstituted

heterocyclyl, substituted or unsubstituted



consi sting of am no, nonoal kyl am no, dial kyl am no, 10 substituted or
unsubstituted heterocyclylam nocarbonyl, (am no) (Rb)

acyl hydr awprgliesmsboonyl -, (am no) (Rb) acyl oxycarboxy-,  PCT/US03/18695
(hydroxy) (car boal koxy) al kyl car banoyl , ﬁfyjoxy, 15 al dehydo,

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

di al kyl ani noal kyl anj | DQmind!l kylsubkonykamingo, canbanoyl ,
Rb-, Rb-al koxy-, ggkggpﬁgfgﬁyﬁg??gggan%}ncyanoalky?ca?banoyl, 20

cycl oal kyl am no, dhabkykrphasgiiono, hal oal kyl sul f onyl am no,

het er ocycl yl al kyl am no, heterocyclyl carbanoyl, hydroxy,

hydr oxyal kyl sul f onyl am_no, _oxi m.no osphono t it ut ed ani no.
substituted 25 aryIGgrggnyFQbfgcg?bggﬁﬁﬁ gﬂb????%?édha Ledsaradiyd

het er oar yl sul f onyd ags Setbsiétiiedbhet erocyclyl, thiocarbanmoyl, and
trifluoronmethyl; and (b) (al koxycarbonyl) aralgilcar anp;iz | dehydo,
al kenoxy, al ken{dsul$enydBEyho, Cab IKROXERBD % %7@6&‘%8@ -7 AT banoy!

al koxycar bonyl am . al car al kyl-aph p 18 geyis Ulsf @amy. | ami no”
al ky. 1, sul f onyl ox%%iéjmaﬁg{%’mq%%‘?o&seses ALRInx1S ok elice ol @al

am noal kyl ar al kyl edtbaroyinsuvasiticaltkeyl oar balwsylituted with one or
am noal kyl het erocycl yl al kyl car banoy

L,
ami nocycl oal kyl al BYFEy SVEA U@&Fﬁaﬁﬁ}ﬁFte&nﬁﬁggygpgaﬂ%fﬁgarbanDyI,
ar al koxycar bonyl am g, s 13fgy ldretareey ¢ iphoaakyllexynogr yisdlkidayliaw, no,

aryl sul fonyl oxy, carbanoyl,” carbonyl, Rb-, Rb- al koxy-, Rb-al kyl (alkyl)
am noi) Rb substituted or unsubstituted
heterocyclylaminocarbonyl,
(amino) (Rp) acylhydrazinylcarbonyl-,
(amino) (Rp)acyloxycarboxy-—,
(hydroxy) (carboalkoxy)alkylcarbamoyl, acyloxy,

15 aldehydo, alkenylsulfonylamino, alkoxy,
alkoxycarbonyl, alkylaminoalkylamino,
dialkylaminoalkylamino, alkylphosphono,
alkylsulfonylamino, carbamoyl, Rp—, Rp—alkoxy—-, Rp-
alkylamino-, cyano, cyanoalkylcarbamoyl,

20 cycloalkylamino, dialkylphosphono,
haloalkylsulfonylamino, heterocyclylalkylamino,
heterocyclylcarbamoyl, hydroxy,
hydroxyalkylsulfonylamino, oximino, 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, alkoxycarbonylalkylamino,

alkylsulfonylamino, alkylsulfonyloxy, amino,



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

Rb- al kyl sul f onyl -,

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

het er ocycWwglogaedsenyl , cyano, cycl oal kyl am no, di al kyl anm moalusyd/camppanoyl ,
hal ogen, heterocyclyl al kyl am no, hydrqéy, oxi m no, phosphate, substituted
1Y~

aral kyl am no, substituted 15 heterocyc
het erocycl yl sul f onyl am no, sul foxyacyl am no, and thiocarbanoyl. 10. The

atthes £1 1By R d Scy 58l :asednedh, f 1 o d hes O &t i ng of :

met hod of claiml1,
(a) C1_6 alkyl or

substi t ut ed

C2_6 al kenyl, each of which is unsubstituted or

substituted with crelmeabiyhetristychieinskgktagiagwfkom t he group

no, nonoal kyl am & kyl.am tituted or
unsubstituted het et'd r§,%$3§, a%%@a%@%%&%%%%%fy-, and

substituted or unsathshddydbshl helerOeamdyl ,, ardll Kdyycarbonylamino,

consisting of am

al koxycar bonyl al kyl am no, cyano, and hydroxy. 11. The thod of claim1,

any L el iAW bf TIGMY, W H- Y930 ' 13 The

wherei @ X1 is O.

met hod of claim"1, ngﬁf%é%%?g&§§ N r R D3 1056660 RET/ Y83/ 18695 -

14. The nmethod of claim1,

The net hod of cl ai
The net hod of cl ai
of : (a) Cl-6 alkyl

10

15

aDky 22 Soahdgny) R eadhyafsuMficelyli-§ Ry-
alkylsulfonylamino, Rp—alkylthio, Rp-
heterocyclylcarbonyl, cyano, cycloalkylamino,
dialkylaminoalkylcarbamoyl, halogen,
heterocyclylalkylamino, hydroxy, oximino,
phosphate, substituted aralkylamino, substituted
heterocyclyl, substituted
heterocyclylsulfonylamino, sulfoxyacylamino, and

thiocarbamoyl.

10. The method of claim 1, wherein R, is

selected from the group consisting of:

20 (a) Ci-¢ alkyl or C,-g alkenyl, each of which is

25

unsubstituted or substituted with one or more
substituents selected from the group consisting of
amino, monoalkylamino, dialkylamino, substituted or
unsubstituted heterocyclylaminocarbonyl, Rp—, Rp-
alkoxy-, and substituted or unsubstituted

heterocyclyl; and

(b) alkoxycarbonylalkylamino, cyano, and hydroxy.

30

11. The method of claim 1, wherein X; is O.

12. The method of claim 1, wherein X, is O.

4

13. The method of claim 1, wherein X3 is N.

73

20

erein each of Kl ~and is C2-4 alkyl; R3is
hydrogen; R4 is a sllngte bohdalkyddlaeldfy LXBrdme-%2 Res 0; and X3 is N. 15.

14 erein. RS | 5 phenyl. -s tituted with Ra. 16.
ﬁ%%‘%ﬁk%i???E%FW%iiEﬁﬂ%§ﬁ%§$y Fom t hé %?oup consi sting



unsubstituted or substituted wth one or nore 10 substituents selected from
the group consisting of am no, nonoal kyl am no, dial kyl am no, substituted

or unsubwODIBaoFas het er ocycl yl am nocar bonyl, substitut edPor/usn¥idsss i t ut ed
het erocyclyl, Rb-, and Rb-al koxy-; anﬂ 15 (b) al koxycar bonyl alkyl am no,

Rb- al koxy-, cyano, substituted or uns BsTituted heter ocyclyl, and

hydroxy. 17. The nmethod of claim 16, wherein Ra is cyano. 18. The net hod

of claim 14, wherei 5 ing2MeILiIdE LRG| seriddier amnsubst iRut ed or
substituted with one or nore Ra groups selected fromthe gr%jp onsi sting
of : (a) Clrfl &kyls, Ce2 6liaykenRs, 1arhrdregarkyRy|:s ihet diHe 2% d al kyl

al kenyl , or_al kyny. roup i s_each i Lher substituted or substituted with
one or rmerae&éd%gt*lt %‘é‘ﬁt g(zs:éf e@t e?:lnﬁr%?nelt%g@'group WD 03/ 105666

PCT/ US03/ 18695 - 74 consisting of am no, nonoal kyl ani no, di al kyl ani no,
substituted or unsubssjt utres meteiat onfy ot awi Wocartborsdn - R=ariSno) (Rb)

acyl hydr azi nyl carbonyl -, 5 éan‘j 0)_ (Rb) acyl oxycar boxy-,

(hydr oxy) (R28H0R| Kex$H e KyFE df . acyl oxy, al dehydo,

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

di al kyl ami noal kyl am g, akky|Rbosehonp, c1fiml ky) suhdoayh eRd iz, car banoyl
Rb-, Rb-al koxy-, Rb- al kyl am no-, cyano, cyanoal kyl car banoyl ,
cycl oal ky! sed et edi &t &y | Prospeiip, consisting of:

(a) Ci-g alkyl or Cy.g alkenyl, each of which is

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, Rp—, and
Rp—alkoxy-; and

15 (b) alkoxycarbonylalkylamino, Rp-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

P

20 ;

wherein said Rs is either unsubstituted or substituted with
one or more R, groups selected from the group consisting
of:
{a) Ci-¢ alkyl, Cs-¢ alkenyl, or C:-s alkynyl; wherein
25 said alkyl, alkenyl, or alkynyl group is each
either unsubstituted or substituted with one or

more substituents selected from the group



hal oal kyl sul f onyl am no, heterocyclyl al kyl am no, heterocyclyl carbanoyl,
hydr oxy, 15 hydroxyal kyl sul fonyl am no, oxi m no, phosphono, substituted or
unsubst i twDed/1e¥ed Kyl am no, substituted or unsubstitut edPCT/US03/18695

aryl car boxyal koxycar bonyl , substituted or unsubstituted

het er oaryl sul f onyl ami no, substituted 20%r unsubstituted heterocyclyl,

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

aral kyl carbamoyl, ol dehydeng o Igoniey, abkenyl s ony) am nou shken,

al koxycar bonyl , al alkoxycarbonyl am no,
al koxycar bonyl al kydw@mstnicuteal kod suldwrsttidmites] al kyl sul f onyl oxy, ami no,

am noal kyl ar al kyl car banoyl ,. am _noal kyl.car banmoyl ,
am noal kyl het er oc ?Eﬁ%ﬂ%&ﬁ%ﬁ% %ﬁ%&bon§ﬁi

anm nocycl oal kyl al kydgyed oad K pleganRamayliny3@aamongaycl oal kyl car banoyl,
ar al koxycar bonyl am no, aryl heterocyclyl, aryloxy, arylsulfonylam no,
.a. ryl 5sul fony. | o. §mindr ReareyLoXVERTHEH~, Rb-, Rb- al koxy-,

Rb- al kyl t hi o-, Rb- I 109z, o AR 034 6 RCIY4ISP3/ 18695 -
75 alkyl (alkyl) @ﬁ%ﬁé@l M]%%ﬂg%@m noﬂ% Rb-EéHa;Ell%’l carbanoy] -,
Rb- al kyl sul f I Ribehaddky | it ronlyd winf oroy 1 aRvkrat K yd Ko Rb Y

-al kyl sul fonyl - ,a y Ty Xy, Rb-
het er ocycl yl car bony],, am nqal kyl anmi nocar bonyl . di al kyl am noal kyl am no,
al kyl am noal kyl ami $ro0% %&#&fnﬁ%ﬂﬂ?ékXé%@ﬂﬁ%%%kihﬁﬁﬁgﬁhninoalkylcarbanoyl
hal ogen, heterocyqﬁy&f&*@ﬁﬁﬂﬂdg&k HOXY, HXWlgkbspidesphate, substituted
or unsubstituted aral kyl am no, substituted or unsubstituted 10

het er 36ycl yl, subsa}lyltsdl nyimubeei teaEpmoyl, Rp=, Rp—alkoxy-—, Re-
alkylamino-, cyano, cyanoalkylcarbamoyl,
cycloalkylamino, dialkylphosphono,
haloalkylsulfonylamino, heterocyclylalkylamino,
heterocyclylcarbamoyl, hydroxy,

15 hydroxyalkylsulfonylamino, oximino, phosphono,
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,
aminocycloalkylalkylcycloalkylcarbamoyl,

30 aminocycloalkylcarbamoyl, aralkoxycarbonylamino,
arylheterocyclyl, aryloxy, arylsulfonylamino,
arylsulfonyloxy, carbamoyl, carbonyl, Re=, Rep-

alkoxy-, Rp—alkylthio-, Rp-alkyl(alkyl)amino-, Re-



het er ocycl yl sul f onyl am no, sul foxyacyl am no, and thiocarbanmoyl. 19. The
nmet hod of claim 18, wherein Ra is selected fromthe group consisting of:
15 (a) Ciwe oaliksske or C2_6 al kenyl, each of which is unsulpsTIiusos/essodr
substituted with one or nore substituents selected fromthe group

consi sting of amino, nonoal kyl ami no; dbatkyl ami no, substituted or
unsubsti tuted heterocyclyl am nocarbonyl, 20 substituted or unsubstituted

heterocyclylCyanoal%ngégﬁgy 95§§%amo Rd (E% gﬂ%ﬁﬁ%ﬁgﬁggnyﬁalkylanlno

Rb- al koxy-, subst t ut eterocyc] and
hydroxy. 25 20. Taﬁky&baadambyﬁkalB%&Qlky&mwkﬁwnf&r;sRKQ_S alkyl that is
substituted with one or nore substituents Iecte fromthe group

consi sting of am AéKYASHO&PRYHLARLAG, ghdaﬁ¥%.?§% 5. 21. The nethod of

claiml4, whereiny B@ekg y%& h9866 1PC£hQ§9§&k§@8§1nocz@bow@&reln said R5
u

is either unsubstitute bstitufed with one or nore Ra groups sel ected
fromthe group codsaékwﬁgmlobalRYQanl@P GaékHQﬁmlGQaékaﬂ@@ﬁFPr or C2_6

al kynyl ; wherein said algé&qﬁ %hnoordEBEXQXE 9@%%@ c%%%@mo?ﬂther

unsubstituted or SYBSErt & SneSr “more’sabstituents selected from

the group consi shianggeh,amcteroaasilkikgiamanodi alykyloay, noxi@no,
substituted or unsubstituted heterocyclylanlno ar hon %ld (am no) (Rb)
acyl hydr azi nyl car BoRypPhaterafiuRs)t IERYEIady GRYE FE&EF e

aralkylamino, substituted or unsubstituted
10 heterocyclyl, substituted or unsubstituted
heterocyclylsulfonylamino, sulfoxyacylamino, and

thiocarbamoyl.

19. The method of claim 18, wherein R, is
selected from the group consisting of:

15 (a) Ci-¢ alkyl or C;.¢ alkenyl, each of which is
dﬁsubstituted 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, Rp—, and
Rp—alkoxy-: and

(b) alkoxycarbonylalkylamino, Rp—alkoxy-, cyano,
substituted or unsubstituted heterocyclyl, and
hydroxy.

25 20. The method of claim 19, wherein R, is Cos
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 Rs is



(hydr oxy) (car boal koxy) al kyl car bamoyl , acyl oxy, 15 al dehydo,

al kenyl sul f onyl am no, al koxy, al koxycarbonyl, al kylam noal kyl am no,

di al kyl amvomalibssbh@nm no, al kyl phosphono, al kyl sul f onyl am meI/usas/ssadyl |
Rb-, Rb-al koxy-, Rb- al kyl am no-, cyano, cyanoal kyl car banoyl, 20

cycl oal kyl am no, di al kyl phosphono, haT%aTkyIsquonylanino,

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

hydr oxyal kyl sul f onyl am no, oxi m no, phgsphono, substituted or
unsubstituted aral kyl am no, 25 substit@jed or unsubstituted

aryl car boxyal koxycar bonyl , substit ut ed unsubsti tuted

het er oar yl sul f onyl am no, substituteq‘-. unsubstituted heterocyclyl,

t hi ocar banmoyl, and trifluoronethyl;vsnd r, WD 03/ 105666 PCT/ US03/18695 -
77 (b) (al koxycarbonyl) aral kyl carbanoyl, al dehydo, al kenoxy, ,

al keny! sul flosuyd iami swol d sk ey e 1 tdlekoxye l§6ﬁ9iﬂlfceﬂyl@5ﬂ sasdidted with

al koxycar bonyl am no, koxycar banyl | am_no Igno,

al kyl sul fo‘ﬁ@%/o%,m%lfﬁ% g%’rﬁpﬁoa %ﬁ%gra %%ogla;ttg%n?ﬁ%p;%d;%%@{ﬂggr banoyl ,
am noal kyl het erocycl yl al kyl car banoyl ,

am nocycl oal kyl al kyl cycl oal kyl car banmoyl , am nocycl oal kyl car banmpy!|
aralko&ycarbony{%hinc@rﬁoahkylhe@%ﬁo%g%?WY%'é?@l%&?,ggki?ggff@%?¥% i no,
aryl sul f onyl oxy, I, canbonyl;, BR- g1 | k@¥yro iRP-ealdryl t hi o-,
Rb- al kyl (al kyl) %%ﬁ%gggxggf %ﬂkyﬁ&?élkylf ggpg§n§3l-F{Rb-alkylanino-, Rb-
al kyl car banoyl -, RAtaldey sishfoemyilcutelbor substituted with one or

more substituents selected from the group

consisting of amino, monoalkylamino, dialkylamino,

10 substituted or unsubstituted

heterocyclylaminocarbonyl,

(amino) (Rp) acylhydrazinylcarbonyl-,

(amino) (Rp) acyloxycarboxy-,

(hydroxy) (carboalkoxy)alkylcarbamoyl, acyloxy,

15 aldehydo, alkenylsulfonylamino, alkoxy,
alkoxycarbonyl, alkylaminoalkylamino,
dialkylaminoalkylamino, alkylphosphono,
alkylsulfonylamino, carbamoyl, Rp—, Rp—~alkoxy-, Rp—
alkylamino-, cyano, cyanoalkylcarbamoyl,

20 cycloalkylamino, dialkylphosphono,
haloalkylsulfonylamino, heterocyclylalkylamino,
heterocyclylcarbamoyl, hydroxy,
hydroxyalkylsulfonylamino, oximino, phosphdno,
substituted or unsubstituted aralkylamino,

25 substituted or unsubstituted
arylcarboxyalkoxycarbonyl, substituted or
unsubstituted heterocarylsulfonylamino, substituted
or unsubstituted heterocyclyl, thiocarbamoyl, and

trifluoromethyl; and



15 al kyl sul fonyl am no, Rb-al kylthio, Rb- heterocyclyl carbonyl,

am noal kyl am nocar bonyl, di al kyl am noal kyl am no, al kyl am noal kyl am no,
cyano, cywbealidsb@m no, di al kyl am noal kyl car banmoyl, hal og@Q;T/US03/18695

het er ocycl yl al kyl am no, hydroxy, oximno, 20 phosphate, substituted or
unsubstituted aral kylam no, substitut®d or unsubstituted heterocyclyl,
substituted or unsubstituted heterocyclylsulfonylam no, sulfoxyacyl am no,

and thi ocarbanpyl . 22. The nmet.hq i wherelh,Ra is  sel ected
fromthe groupn@%nSQéi%QﬁY%ﬁ; ?égi%iéﬁggﬁﬁéﬁy4§ﬁ§é£:6 acﬁgﬁ§lf each of which
is unsubstituted;0kesdlsti bukedydstbfonglaminoyeal&obstituents sel ected

fromthe group consisting of 30 am no nnnoalkilanino, di al kyl am no,
substituted or uﬁéh@gvpﬁﬁpéﬂyﬁetéﬂB@;EF?PQﬂPM car bonyl , WD 03/ 105666

PCT/ US03/'18695 - )K%o Jubstibubed.ab Unsubsybhubedyhelasaeyshyl, Rb-, and
Rb- al koxy-; and (8 ar oxycar onyﬁalkylanlno, Rb- al koxy-, cyano,
substigsuted or unstkgtisultfedylemenocyelylylsaadonyleydroRfin®3. The met hod

of claim2l, wherein Ra_is. selected fromthe_gr i-sting9f: (a) Cl_4
al kyl or 02_4 aIkéWﬁPPa&5¥ﬁa&Fl%Hﬁgﬁrﬁgmogﬁéusgéﬁgﬁgggﬂgk%%ﬁgsggfuted with
one or nore 10 subghinbuemis hseleoledll/lamkiheagbanpydonsi sting of  anino,
nonoal kyl am no, di al kyl am no, substituted or_ unsubstituted

het er ocycl yl ami noeaibemyicloadifydeiliyl 64 CoPathydheEreled 'het er ocycl yl, and

Ro-; and aminocycloalkylcarbamoyl, aralkoxycarbonylamino,

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

15 alkylsulfonylamino, Rp—alkylthio, Rp-
heterocyclylcarbonyl, aminoalkylaminocarbonyl,
dialkylaminoalkylamino, alkylaminoalkylamino,
cyano, cycloalkylamino, dialkylaminoalkylcarbamoyl,
halogen, heterocyclylalkylamino, hydroxy, oximino,

20 phosphate, substituted or unsubstituted
aralkylamino, substituted or unsubstituted
heterocyclyl, substituted or unsubstituted

heterocyclylsulfonylamino, sulfoxyacylamino, and

thiocarbamoyl.

25 22. The method of claim 21, wherein R, is
selected from the group consisting of:

(a) Ci-g alkyl or Cz¢ 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,



15 (b) Rb-al koxy- and substituted heterocyclyl. 24. The nethod of claim1,
wherein: each of RlL and R2 is propyl; R3 is hydrogen; R4 is a single bond,
20 R5 is whenybsesaubstituted with Ra, or wherein said bi ®gEltise3/ o695
trycyclic group is optionally substituted with Ra; Ra is selected fromthe
group consisting of; 25 (a) Cl1_6 alkyl 78r ~C2_6 al kenyl, each of which is
unsubstituted or substituted with one or nore ,substituents.selected from

the group consistin%ﬁ%%g%%%%ggm.@B%%%g%¥E q%@phé@éydggdyquo,Fsubgﬁatuted

or WD 03/ 105666 PCT) unsubstituted heterocyc yfanino
carbonyl, Rb-, RbR,akkawyyr;aaddsubstituted or unsubstituted heterocyclyl;
and (c) al koxycarbonyl al kyl am no, . cyano, and hydr .5 each of X1 and X2
is 0; and X3 isN 28lkgRECAE ﬂ%ﬂl%¥g¥fﬁTh?ﬁt %&E§i§%§ e ©6mPdund  of
formula (1) is 3-[Adsd Gl QX Q] 13rstiRiamdted Jfbefrocyclyl, and
tetrahydro-1H purin-8-yl)-bicyclo[2.2.2]oct-1-yl]- 10 propionic acid. 26.
The mebhod of cl aibmdoxsherein the ischemc event is selected fromthe
group consisting of acute coronary syndronme, stroke, organ

apn, ALt K00y, SRR od=3eckip 81y o) opneLsnsel ok o

syndronme i senyoecasdfabmi bhar grbop. c@8siFhengevfiod of claim 1, wherein the

Alb (a) Ci.4 alkyl or Cy.4 alkenyl, each of which is
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;
R; is hydrogen;
R; 1s a single bond;

20 Rs is phenyl substituted with Rj,

S

or

e
wherein said bicyclic or trycyclic group is optionally
substituted with Ra;

R, is selected from the group consisting of;

25 (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



adenosi ne receptor antagonist is admnistered within two days before or
after the ischemc event. 20 29. The nethod of claim 28, wherein the A2b
adenosi newpasapicos ant agoni st is adm nistered within tw Pdayssoxigees t he

i schemi c event. 30. The method of claim1l, wherein manmal is a human. 25
31. The nethod of claim1, wherein tﬁe780ﬁpound of formula (I) exhibits an
affinity for an Alb adenosine receptor that is at |east 10-fold greater

than the affinity for 8 adeposiche1k2eaRhela@boal 1A3RadenRS ne
receptor. WO 03/ 1%%’58%3%%%%%03/ 18695 9— g/% 32. The rrgt hod of claim 31,

wherein the conpaelnc:of-,f endulsabet) thiether exisiubistdtasegdifinity for an
Al adenosine rece te%[? t hat i s at Ideast 10-fold greater than the affinity
for the Ala adenoditET&EW S’ 6P% he A3 5 adenosine receptor. 33. The

met hod of claimd) Waekeki{iciso@r@Dkythmdiio f otyaha, (dnd expihoxs; a Ki val ue
for an A2b adenosine receptor bel ow 500 nM 34. The. nethod of claim1,
wherei i the e@®bowfd X116n6f%f grimfl’a 819 exhibits a Ki value for an Alb
adenosi ne rgice?go bel ow 200 nM 35. A nethod of treating a disease or

di sorder nedPatéd by activation of an Al b adenosine receptor conprising
adm ni stering to a mammal in need thereof an 15 effective anmbunt of a
conpound of fornula 2b) atherménigodoof cthatmil, 3ehepeivet Hod SPPPWREi ng

ti ssue necrgsis resulting froman,igschen ¢_event. Lsiggg sidentifying
a mamal tf t%ﬂﬁgugﬁdé&bogfé %mml1 sé%é?ri (ECIJS?(EQ“9 £Y80hi pfOPYLLE] 896, 7
tetrahydro-1H-purin-8-yl)-bicyclo[2.2.2]oct-1-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 Ay
adenosine receptor antagonist is administered within two

days before or after the ischemic event.

20 29. The method of claim 28, wherein the A,
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 A adenosine
receptor that is at least 10-fold greater than the
affinity for an-A,, adenosine receptor or an Az adenosine

receptor.



20 event, or in which an ischemc event is immnent; and admnistering a
therapeutically effective or prophylactically effective anount of an Alb
adenosi neworiguepte©r antagoni st to the nmammal within ten dags/uses/esses or
after the ischemc event; 25 wherein the Alb adenosine receptor antagoni st
is a conmpound of forrrula () aCCOI‘dTFﬁJOt'O claim1. 37. A nethod of
limting infarction size follow ng rryocardl al infarction, conprising: W

03/105666 PCT/ US03/ 18695 Trhe %]e\ﬁn q§%@ }j_la a_o)lnary@retlhpttk{@s under gone

nmyocardi al infarcti ocar infarction is inmmnent; and
admi ni st erddm;cani&afﬁpﬁitﬁmaal 1) effftﬂliﬂ’lal:e eo«hfmp?so;ahrylaa?dillrtldilyl VT f ective

anount of an A2b adengsine recepto nt agoni
days bef ora® ZPor 28FNeEinRe 'RFEEEPYi EL 5?6‘ i ﬁasﬁhgbelfn&gng %ﬁgggldgnz)g?ne
receptor anlagqSta s A ¢ f FBOWHE @Izaf%é%@mﬁé)r@@@pt@lrwrwhélm m1. 10

5 adenosine receptor.

33. The method of claim 1, wherein the compound
of formula (I) exhibits a K; value for an Ao, adenosine

receptor below 500 nM.

34. The method of claim 1, wherein the compound
10 of formula (I) exhibits a Ki value for an A, adenosine

receptor below 200 nM.

35. A method of treating a disease or disorder
mediated by activation of an Az adenosine receptor
comprising administering to a mammal in need thereof an

15 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
20 event, or in which an ischemic event 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 ischemic event;
25 wherein the A,, 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 a mammal that has undergone myocardial
infarction, or in which myocardial infarction is imminent;
and

administering a therapeutically effective or

5 prophylactically effective amount of an Ay 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.

10



