1 TITLE: A2A Receptor Agonists 5 BACKGROUND OF THE INVENTION 2 2 0 E C 7003
Field of Invention This invention |ncludes conpounds that are useful as A2A
receptor agonists. The 10 conpounds of Ithis invention are vasodi al ati ng
agents that are useful in heart imaging to aid in the identification of
mammal s, and especially humans who are suffering fromdi sorders such poor
coronary perfusi on which is indicative of coronary artery disease (CAD).
The co s |nven i on, can al so be used as thera eutlcs for
coronary %ﬁﬁy %‘E?PBE gORiStdn of the Art 15 PharddB6LdWdcal stress
S frequently I nduced wi th adenosi ne or dipyridanole in pat| ents with
suspegted CAD before imaging with Ti sci ntlgraphy or echocardi ography. Both
drugs effect dilation of S | s by activation of
cell surface A2 receptor iﬂ\mﬁ | jﬂ&é{.lﬁﬁﬁg tress was originally
I ntroduced as a nean of provoking coronary dilation in patients unable to
exerci se, seyv, ‘hlslIP udi es have shown that the prognostic 20 val ue of 201T1
or echocar di og'F@p VERR®™ g in patients subjected to pharnacol ogi cal
stress W N 3denRShfith HclfHesVohHRIRLS (1R Sr® UNIUPLE M, L Rofitbd s%arﬁs@ubmect ed
to traditional exercise stress tests. However, there'is I nci dence
of dnug- cehpdmnﬂsaﬂthis swertiahaare Vasediatatolgragengs thahemertacful ng'leastlmmgmgss aidragi ng
with these such_as headache and ngusea, that co ved with
new t her H§e et caaerhpgma%n Heng Sprotally g Adorage & ‘8’1“&8 ﬁ?@ Jikarers seehi n
mast cel a ] e e

non- speck?&e%lgﬂh% Pér{g&ggg%hsl%ﬁs 1:%301‘?351% ﬁ’gegﬁkm@%ﬁac&?ogﬁggg (F%IZE t]é}éet
Addi t i onabipourrid @fidis iwestionaanalsode Béd ddtherpeuties dptcororiafy ardkgy dakaseum and
A-V nmode wi ll_dininjsh the S-H interval which can induce AV block. (N C
Gupto et al . ;Descriptionsfithe &8¢ di ol ; (1992) 19: 248-257). Also, stinulation

of L8 20en0 g leoBRiaPSERCl: MaRRDORHIE RGBSR Aok

nausea Sl nce ceptor I nal trac

Ni chol | s pafientd with Eipectdd CATR bsfofeliHehging338K Z) séﬂﬁgﬂaﬁﬂg} or &folarBioghphP3Both

relates to the use of adenosine or adenosine derivatives for dlagn05|n
vascul ar diigs eeffast dilation of the coronary resistance vessels by activation of cell surface

receptors. Although pharmacological stress was originally introduced as a mean of provokmg
coronary dilation in patients unable to exercise, several studies have shown that the prognostic

20 value of ?°!T1 or echocardiographic imaging in patients subjected to pharmacological stress
with adenosine or dipyridamole was equivalent to patients subjected to traditional exercise
stress tests. However, there is a high incidence of drug-related adverse side effects during
pharmacological stress imaging with these drugs such as headache and nausea, that could be
improved with new therapeutic agents.

25 Adenosine A;p and Aj; receptors are involved in a mast cell degranulation and,
therefore, asthmatics are not give the non-specific adenosine agonists to induce a
pharmacological stress test. Additionally, adenosine stimulation of the A receptor in the
atrium and A-V mode will diminish the S-H interval which can induce AV block. (N.C.
Gupto et al.; J. Am Coll. Cardiol; (1992) 19: 248-257). Also, stimulation of the adenosine Al

30  receptor by adenosine may be responsible for the nausea since the A; receptor is found in the
intestinal tract. (J. Nicholls et al.; Eur. J. Pharm.(1997) 338(2) 143-150).

EP-A-0 354 638 relates to the use of adenosine or adenosine derivatives for diagnosing

vascular diseases.




2 2 2 DEC 2003 R Marunoto et.al.; Chem Pharm Bull. (1975) 23(4) 759-774
describe 2-substituted adenosines sone of which were found to have
coronary vasodilating potency. T. Perrsch et.al.; Bioorg. WEdDE(CHIEIMm (1 1995)
3(10) 1377-1382 describe the synthesis and anti-viral effects of
2-substitut ed RdMuremo® aal.] Chm.v@isrmb Bl (A7 5)2(4) 3ifgTBbdasctibal-sapstitutéd c
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bl ood pressure) résu els pharmaceut i ca npounds
t hat ar e aA2Anti-etrapéffacts afPosubstitutedadendsineaienoatiegdr nacol ogi cal effect as a
result of stinulating the Al receptor_in vivo. 10 Furthernore, there is a
need for A2A riuHEwt datag gigests shathspecKipy adenosing rA2ah BUYRe FeSEPIgRd On HRATOTAN:

Il tol ' ' L ogi cal
oval uat | dha it JorRR e, P P RORR AR RGBSR ERNoF L SRhe b PERE Aco
i ncl udes récepthe nerirhulatidm i relakey ed phiRalUReS el N@btedl e 148681 Udwéd AsysRefPt Blbod
agoni sts. 15 In another_ aspect, this invention includes pharmaceutical
conposi t ipsessutiche s Fryult-theradmagiead femplasmaenuticd sgompoandithat ard doaresdpial t h
f i de eff. A Still t h t of this j t . t hi oph,
conpoundePREE Ui ey ne pEFCHoaR AL &g (Al b 4Dttt e ng

agent;y t Grubieinhdré hereGOhRE Yori%%éﬁibtor'dgoﬁﬁﬁ tRATAdE HRAbr hhlfiliTe, ANAGRAL £
i ncl udes conpounds having the follow ng fornula: 20 In another enbodi nent,

t hi s i nvevall tolerated by fgssentsaurideroirfephasomobegichd cabnaryisgressi evalaationsn t o
stinmulate coronary vasodil at atj ' S cially in humans, for
stressing the heart induced @é\g&éﬁy _ iT_ | ;Hﬁﬁmes of imaging the
heart. In stilfh #ROLDRE: MBIV, inkhidSs PIMBRSSRN tHi dh;éngf ; REAM LR are

conposition of matte conprising one or nore conpou I'S I nvention
and one asefubA2Apkheaptaagunisisal 25 excipients. 3 2 2 D E E 2003

DESCRI PTI ON CE THE, CURRENT 5!\/80] MENT This conmpounds .of this i nvent(j,on
incl Ude a cl ad® 33PthebARRSGh dais HAVAnkgn ipeludss) phafnagsutical qompgsitions including 2-

adenosine thiophene that are well tolerated with few side effects.

1

Still another aspect of this invention are thiophene compounds that can be easily used
in conjunction with radioactive imaging agents to facilitate coronary imaging.

In one embodiment, this invention includes compounds having the following formula: |
|

yiies

()
7, o
OH
20 In another embodiment, this invention includes methods for compounds of this
invention to stimulate coronary vasodilatation in mammals, and especially in humans, for
stressing the heart induced steal situation for purposes of imaging the heart.
In still another embodiment, this invention is a pharmaceutical composition of matter

comprising one or more compounds of this invention and one or more pharmaceutical

25  excipients.




5 wherein Xis S, 0 or NR5; RL is -CH2OH, or -C(=O NR7R8; R2, R3, R4 and R5
are each individually sel ected fromtheF_group consi sting of hydrogen, hal o,
NC2, CF3, CN, OR20, SR20, N(R20)2, S(O R22, SO2R22, SOZN(R% 0
SO2NR20COR22, SO2NR20CO2R22, SO2ZNR20CON( R20) 2, N(R20)2 N g
NR20CO2R22, to NR20CON(SCRIPTI@NRID THEPRRRESMNEMB)DIMENR20SO2R22,

NR20SO2R22, NR20CO2R22,. OCONR20SCQ2 , O R20, C( O OCH2 0.R20,,
OCON( R20) 2, Cfus gompgunds of &ES'_E’S"*'&‘I‘%W;%%& éxlass OQFR?HWCI)S@XWSOC(& Klepying
het er ocygh¥hula@ry! . and heteroaryl, which alkyl, alkenyl, alkynyl, alkoxy,
aryl, heterocyclyl, and heteroaryl are optionally substituted with from 1
to 3 substituents independently sel ectm fromthe group consisting of hal o,
NC2, 15 heterocyclyl, aryl, heteroaryl}] CF3, CN, OR20, SR20, N(R20)2,

S(O R22, S02R22, SO2N( R2(R, 2NR20C02R22, S02NR20CON( R20) 2,
n(R20) 2 NR20COR22, NR20CON COR20, COZR20, CON(R20) 2,
CONR20SO2R22 NR20SO2R22 ) 0S2R22, OC(O R0,

C( O OCH20OC( O R20, and k each optional heteroaryl,
aryl, and heterocyclyl s tixxfti on substitgent is further 20 optionally
substituted wth hal o, NO2, alkyl, 0o, nono- or di- al kylam no,

al kyl or aryl or heteroaryl am de, R20SO2R22, COR20, CO2R20,
CON(R20) 2, NR20CON(R20) 2, OC O R20, CC @) SR20, 2z SO02R22 20 () ( ) (
)2, SRS{OR SO2N(R }2, CN, or OR 20 ; RY a;ndmﬂs are each i ndependently
selected fromH, and Cl_15 al kyl optionall yOB5 4 2 2 DEC 2003 substituted
wth from1l to 2 substituents independently selected fromthe group
consisting of halo, NO2, heterocyclyl, aryl, heteroaryl, CF3, CN, OR20,
SR20, N(R20)2, S(O R22, S02R22 SO2N( R2) 2, SO02NR20COR22, S02NR20CC2R22,
S02NR20CON( RZMGIMM)SZQ\RZ@K@?ZZ, NR20C02R22, NR20CON( R20) 2, COR20,

gg(zg)zg,zo,cogg mo%%ﬁw%%(s%gg aﬁdsozr\||a>2ooozR22, OCONR20SCRR22,
R? R’ R' and R® are each individually selected from the group consisting of
hydrogen, halo, NO;, CFs;, CN, ORY, SR*, N(R%?),, S(O)R%, SO;R%, SO,NR¥),,
SO,NR*COR?, SO,NR¥*CO,R%, SO.NRPCONR®),, N(R*), NR¥COR%, NR¥CO,RZ,
10 NR®CONR™), COR® CO,R®, CONR?®), CONR¥SO,R¥? NR¥SOR%
SO;NR®CO,R*, OCONR¥S0O,R*, OC(O)R¥, C(0)OCH,OC(O)R*®, OCONR™), , Ci.is
alkyl, Cz.15 alkenyl, C,.15 alkynyl, Cy.;5 alkoxy, heterocyclyl, aryl, and heteroaryl, which alkyl,

alkenyl, alkynyl, alkoxy, aryl, heterocyclyl, and heteroaryl are optionally substituted with from
1 to 3 substituents independently selected from the group consisting of halo, NO,,
15 heterocyclyl, aryl, heteroaryl, CF3, CN, OR?, SR?, N(R?®),, S(O)R*, SO:R%, SO,N(R**),,
SO;NR*COR?, SO,NR*CO,RZ, SO,NRPCONR?),, N(R*®); NR®COR%, NR*CO,R%,
NR®CONR™,, COR®, CO,R® CON®R®), CONR™SO,R¥®  NR¥SO,R%
SO,NR*CO,R*?, OCONRYSO,R%, OC(0)R, C(O)OCH,0C(0)R®, and OCON(R?®), and
wherein each optional heteroaryl, aryl, and heterocyclyl substitution substituent is further
20  optionally substituted with halo, NO,, alkyl, CF;, amino, mono- or di- alkylamino, alkyl or
aryl or hetercaryl amide, NCOR*, NR¥SO,R”, COR?, CO.R®, CON(R>),,
NR*CON(R™),, OC(O)RY, OC(O)N(R®),, SR®, S(O)R*, SO,R®, SO,N(R*®),, CN, or
OR?'D;
R’ and R® are each independently selected from H, and C;_;5 alkyl optionally
25



eath optional heteroaryl, aryl, and heterocyclyl substituent is further
optionally substituted wth haI o, N2, aI kyl, CF3, am no, nonoal kyl am no

or dial kyl ami no, al kyl ani de, aryl anmi de “or heteroaryl amni de I ,
NR20S02R22, COR20, C02R20, CON(R2) 2, NR20CON( R20) 2, OC(O)FéZ) %N(RQ 2
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e grou consrstrng o] 15 a 1 I, 1
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eteroc r e ko 1 h

from 1 ty%bﬁ*'g L e N AR e i e 6

ents 1 nde entl sél'ect e mono- or
di al kyl amﬁqmomzkwwccmm”)grcmf ramrzi? @@Nﬂé’ zmom ogRﬁr mz"som%

aryl, and hetgroar y% cted fromthe gfoup consi sgol ng

2 s A RONRICERY, ndiNR BoRe, o 9@{% CQGTRC PR, all (FCORR™:

het er oar yl , whi.c | k

het er oar%‘} ha‘rpém&%la#ﬁel%rﬁ?ﬁyg agﬁ?%ndlhg § a/ctyuﬂly 3&%& ?L[?gfr OW‘* bﬁlmal%n{hbﬁl}gtﬁ? s

i ndependgith!hlcs NEL g1 crpmm@d Qnorda lam1ﬁ@ﬂﬁd14ﬂfylﬂhﬂ1bk¥lﬂ<§lmmab aa,nkmideor
aryl or heteroaryl am N - Qs Cl- gzal k éé and h eroag In a

pr ef err eor betowdirylamide, NGQRsuNl’urSOﬁ £ COM(

A kyl BB QRS d‘éfs(&@fﬁzbiﬁoﬂf Tht Gohded g”‘gyg[)f rgﬁﬂar |C§ 10
subsgg t ut ed V‘RﬂohlsfsEEmea ftdh @ne?l‘@@é b&déi%gl:% of Hndl‘?%ﬁﬂﬂﬁnc& s aB&neL B Y; dIkpiyLt he

group consisting of halo, wherei n each
opt i onal heterpkydylbsaryls umdthetaoaqyi i wha:hl glkgly adkdnylit elhywl,t heterdepclyh| ayl,  andr3

d CN, 25 d R4 ch divid
consi st iﬁ M%‘wg@%ﬁﬁ A Bt SH 1755 5o SR R Biced e
al kyl, ﬁubhb'eéli RafkyRnfid, 28GR bt ¥ry$ Hpﬁétbfddh@@ml&& (N aoserQSarkyu uent

|ndependent y se ec ed fromthe group consisting of CF3, and CN an
R20 is séingcatr;ddarfdlmﬂerbhryhraﬂdC 1.6 alkyl. In a nore preferred errbodl nment , R2

Al Kyl and ar yR2 iseieciad B B \GPonAetpe o Sov libiess Skemioberonkriy
A b i ey, e e g
op'([j i (C):Ir\ll al ggtéié)lags gﬁ&séadrcté ugg?;\all? :3?5@&1136@ ﬁlﬂhyfrcmlu bsﬂt) i3'([jsugﬂguwfrs mdepéndentlyt sejdctedCF3
Spoup cofromshalaallerl, mpae-oRetialk Yﬂ\\é{‘lﬁijﬂa léhafeﬁgf%reh‘% BHREB“?}% é&oegt rgll]%ygri H,
and Cl- 6CF3, and heteroaryl.

20 In a preferred embodiment, X is sulfur, R! is selected from —CH,;OH or -CONHE}; R?
is independently selected from the group consisting of hydrogen, Cy.o alkyl and aryl, wherein
the alkyl and aryl substituents are optionally substituted with from 1 to 2 substituents
independently selected from the group consisting of halo, OR®, aryl, CF;, and CN, and
wherein each optional aryl substituent is optionally substituted with halo, alkyl, CF; and CN;

25 R® and R* are each individually- selected from the group consisting of hydrogen, Ci.i5 alkyl,
aryl, halo, CF3, and CN, wherein the alkyl, and aryl substituents are optionally substituted
with a substituent independently selected from the group consisting of halo, CF3, and CN; and

2 is selected from H, and C . alkyl.
In a more preferred embodiment, R? is independently selected from the group

30  consisting of hydrogen, Ci; alkyl and aryl, wherein the alkyl and aryl substituents are
optionally substituted with from 1 to 2 substituents independently selected from the group
consisting of halo, ORZ, aryl, CF;, and CN, and wherein each optional aryl substituent is
optionally substituted with halo, alkyl, CF; and CN; R? and R* are each individually selected




alkkyl. In a still nore preferred enbodinment, R2 is selected fromthe group
consisting of hydrogen, and Cl1_8 alkyl that is optionally substituted with
one aryl substituent that is 5 opti onafl y substituted w zrﬁmﬁ@f al kyl ,

CF3 and CN;, and R3 and R4 are each hydrogen. Another enbo this

i nvent i orfrans the grovpennsisting of hyfiregen, msthylilaad halovand Rifés sslectebfrom H, and Cig

| ndepend;&t ly selected fromthe group consisting of hydrogen, Cl_15 alkyl
and ary ere| n the al kyl and aryl substituents are optionally
substituted wf} sﬁ[loﬂbﬂe En%f&redséiﬁ%dlﬁih'ﬂmlﬁ 1'5 rk@%@@ﬂ%'ﬂ‘le sg‘?lnfifE:&%JtﬁlQrBft he
group consisting of halo, OR20, aryl CF3, CN, and wherein each

opt i onal hyﬂrygens tpdt Ct. ueﬂqyl |thatopt omrtmlally ssbsjstmed umhi omet aryh sebstisuent uhatt is

sel ect ed fr ro 0..Qf y 3 an R3 and R4
or e encnoptiaay Parsfurs iR Blbeth ot enECS: RbR i Cite AU FEFogen.
Cl_15 al kyl, %Wher 'éf"l"Jdelngﬁ't3 ofatﬂﬁ inbhtioh & ﬁ'd?)d @lﬁﬁ)ﬂng #dfidla above
substltuents are optionally substituted wth from1l to 2~ substituents
i ndependwhédein Rélsemﬂe;d:nﬂemm stetuetagrﬁmm tho gmuptqongstnfg dsfalh;aﬂmmyc,. 15CHBy] amdd

CN, and 15 wherein ea t substituenf is o naJIy substi tuted
with a stbtVherEH; theeh greif ?éHg%t%ée“&r BiEpOR gtsph%j ed i, frogy Ky 2cF3

and CN, I et 0 r
enbodi ne%itbgn@g&ﬁ 1ﬁde?>§l\1/cgérf]1%l %ﬁfeF{émaﬁ%gnt%%gﬁgﬁ 89?’9%%‘%# ﬁ%ﬂér% a%ﬂosg? and
wher @ n BN, iaad -wWHd2¢hi eath ioptidnal Reyli ssbstrhan tie dpliocaibyt dubstiputed pwith nssubktitagntof
hydr ogen, Cl 8 20 al kyl and aryl, wherein the alkyl and aryl su,bstltu nts
are opt i sketqd, frogy she t&ﬁ‘?% cwsesfﬁmgr%ﬁn halp atkyh Ky |a!1i1|e@f¢s G@b daist F3F

sel ect ed; [y QM9 BE H Bofdist 'o‘?h c‘ﬁ'\,‘ ar@Nd
wherein each optiona su StT tuent Tl nafl h a
substi t UERK wlseeélﬁqhechlltwoamd lagyl gﬁhbﬂhuﬁﬁﬂ%rébpﬂitglaﬂjz dilbitttutedlxkiﬂh frdﬂFSI and CN;

R3 and R4 are each individually selected fromthe up consi sti ng_of
hydr ogensub@t;ztusntamiﬁpen@pgly selﬁ%tr:@) fropythe gaoup @Nmstamajoi%? lo.carylp€Fgeand é&é@nﬂr om
hydr ogen 6 aI [ '

conp %n dwﬁgly} . %pl& ogﬁlw%i s %\It}geglp § eﬁtr%%ﬂﬁl”%ﬂéntl?t&q@%ﬁ a u‘ﬁgﬂg&ﬁ ie%te%

sel ect edfibmotie tghmpgémi@nﬁ Bs h§1’bl A4yl TR ved @enand > 8s selkdtyd ﬂ@ﬂdh}&frb’ée.n or
wherein the al kyl and ary substituents are optionally substituted with one
substit uEntalk®l ected fromthe group consisting of halo, aryl, CF3, and CN,

d wh b | |
Mth a subst 1 3 SbAtotEranRREhet of pRURIAGH ST b colnBBhA TAGRE NG ISR
and CN; qmere3RAMS-BH,0HE e &CH; RhH ylstesdl frymShé @edupdednsitthg BE hydrogem) Ci.s

consi sting of hydrogen and nethyl .
20  alkyl and aryl, wherein the alkyl and aryl substituents are optionally substituted with from 1 to

2 substituents independently selected from the group consisting of halo, OR?, aryl, CF;, and

CN, and wherein each optional aryl substituent is optionally substituted with a substituent

selected from the group consisting of halo, alkyl, CF; and CN; R* and R* are each individually

selected from the group consisting of hydrogen, C,.; alkyl, aryl, halo, CF3, and CN; and R is
25  selected from hydrogen or C,.¢ alkyl.

Still another embodiment of this invention is a compound having the formula above
wherein R' is -CH,OH; X is S; R? is selected from the group consisting of hydrogen, Ci.s
alkyl and aryl, wherein the alkyl and aryl substituents are optionally substituted with one
substituent selected from the group consisting of halo, aryl, CF;, and CN, and wherein each

30  optional aryl substituent is optionally substituted with a substituent selected from the group
consisting of hale, alkyl, CF; and CN; and R? and R? are each individually selected from the
group consisting of hydrogen and methyl.




6 -22 DEC 2003 A further enbodinent of this invention is a conpound having
the fornmula above wherein RL is -CH20H, X is S; R2 is selected fromthe
group consi sting of hydrogen, and Cl_8 6al kyl that is optiDppdECy00
substituted with one substituent selected fromthe group consisting of
aryl, CF3, andﬁ\ @hstharembddémeitrnofethishinyptiomisl a omposndobavingidint farmubpabaoseal |y

nal o, al ks S R in i B b EoND Eron TG AL e B o om

the gr 0Uﬂk§l°tﬂ§t' 8 ﬂgnzﬁf Jﬁ%&’t’itﬁ&ﬁﬁmﬁf‘%@ﬁfb’&ﬂﬂuem' é&le@%ﬁ%&rﬂ?ﬁe ?@Pﬁqgﬁﬁ?g@ gehi s

i nvention 1nclude oun s having the tornula above whe
-CH2COH, afyl, €K arﬁZCNs aﬁlwﬁemimgdchtopabnal sargdypubmmmlnt ¥ cptioablly sutadiued Wwithay|

that is ptlonal stituted with al an and R4 are ch
hydr oyens¥ B‘“PPF %equ ‘EPI’F (e HEHP Somsin &@fthal% ﬁ&gﬁis%@ﬁfi.% Weﬁer@sll“ are

conpound 'ﬂgéth Xis S R2is
sel ected c?%ﬁ%u&l@e %E%Eé%@gﬁ) @M%ﬁ&ﬁ&@h@aﬁy&éﬁ%@ jflkyl that is
optional ly sulsd ﬁMhbeﬂnMchimemndusmbsmudmaclhd&edomioadds‘ liaving the formaulpabove
consisting of ary CN, . and wherein each optional aryl substituent

i's opti ofemEin stwﬁlﬂﬂﬁeﬁ l%v'rst R is Qubalkyl s opienally subTiiteiee pTith yvbibat is

consi sti 3 ri %9 R4 are each
i ndi vi dugﬁ y's l? lﬁ tugé ﬁg ag‘?gup congtl e ng\so?é%ydrogen and nethyl. In
an ald ernati vin nﬂbﬁéﬁnﬂfe@l eﬁﬂhddmemrthxs iVerition-iREEst confPduhds halirg tirdfotmakn t he

group consi sti ng of .hydrogen, and Cl 6 alkyl that is optionally
subst i t utkayewrherein Ry is rﬁQﬂ‘ihl%t Fpsise rBauai 9616%%§9mtth9 EEPUR qonmailnv@?f hygdregens

and R4 a dr f
attachme PSR ?Pﬁggc%ﬂ?&ohﬁiw SOPRRURES 6 ald WAL b8eq 105y 262 Qo
sel ect edcdnsithg&of, ard; £F;0and>CN, drid Wher@his tachr itk dryl Rabstitlmt G@raspﬁomlyof
this invention is selected fromthe goup of conpounds consisting

(4S, 2R, 3wbsm}nczhmh arfubsgitent selgeted froppthe tgreupysonpisting af balp) alkwl, CF3 and CN;
h d 3

(25, S S SR AR5l it gy sslried digm v, gfqup. sprsising of bydrogen and
yl ] -5- ( hydmekynet hyI ) oxol ane- 3, 4-di ol, and

(4S, 2R, 3R, 5R) - 2- [ 6- am no- 2- (5- henyl(2

thi enyl)) puri hxama;lte}-nme pyede ddjmnpexB! ismd"GNHERi R\ is seteeted fomohe ggvup

def t t
o conbi FIDRE plm@ogs “RECog atter el §iobliGhanly by Gt aryif i opfioity Of
(Br), i oglibsfituted with alkyl; and R® and R* are hydrogen.

20 In the compounds of this invention, the point of attachment to the ring containing the R?, R®

and R* substituents may be selected from C-3, C-4, or C-5.

It is most preferred that the compound of this invention is selected from the goup of
compounds consisting of (4S,2R,3R,5R)-2-[6-amino-2-(5-methyl(2-thienyl))purin-9-yl]-5-
(hydroxymethyl)oxolane-3,4-diol,  (4S5,2R,3R,5R)-2-[6-amino-2-(5-iodo(2-thieny]))purin-9-

25 yl]-5-(hydroxymethyl)oxolane-3,4-diol, and  (4S,2R,3R,5R)-2-[6-amino-2-(5-phenyl(2-
thienyl})purin-9-y1]-5-(hydroxymethyl)oxolane-3,4-diol. The following definitions apply to
terms as used herein.

“Halo” or “Halogen” - alone or in combination means all halogens, that is, chloro (Cl),
fluoro (F), bromo (Br), iodo ().

30 “Hydroxyl” refers to the group -OH.
“Thiol” or “mercapto” refers to the group -SH.
“Alkyl” - alone or in combination means an alkane-derived radical containing from 1

to 20, preferably 1 to 15, carbon atoms (unless specifically defined). It is a straight chain
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20  containing 2-20, preferably 2-17, more preferably 2-10, even more preferably 2-8, most

preferably 2-4, carbon atoms and at least one, preferably 1-3, more preferably 1-2, most
preferably one, carbon to carbon double bond. In the case of a cycloalkyl group, conjugation
of more than one carbon to carbon double bond is not such as to confer aromaticity to the ring.
Carbon to carbon double bonds may be either contained within a cycloalkyl portion, with the

25  exception of cyclopropyl, or within a straight chain or branched portion. Examples of alkenyl
groups include ethenyl, propenyl, isopropenyl, butenyl, cyclohexenyl, cyclohexenylalkyl and
the like, A substituted alkenyl is the straight chain alkenyl, branched alkenyl or cycloalkenyl
group defined previously, independently substituted with 1 to 3 groups or substituents of halo,
hydroxy, alkoxy, alkylthio, alkylsulfinyl, alkylsulfonyl, acyloxy, aryloxy, heteroaryloxy,

30  amino optionatly mono- or di-substituted with alkyl, aryl or heteroaryl groups, amidino, urea
optionally substituted with alkyl, aryl, heteroary! or heterocyclyl groups, aminosulfonyl
optionally N-mono- or N,N-di-substituted with alkyl, aryl or heteroaryl groups,
alkylsulfonylamino, arylsulfonylamino, heteroarylsulfonylamino, alkylcarbonylamino,




groups include ethenyl, propenyl, isopropenyl, butenyl, cyclohexenyl,
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group ch;ﬁ’p W", where Ris lower alkyl, or substituted |ower alkyl,
R T may i ndependent | y be hydrogen, hal ogen, |ower alkyl,
subst i tut ed | Byl alkenl]l” medfork toargtoups&ﬁb@ﬁ’#@Ré’dRﬁT,yWhemeRaiswbwemalkyl or

substltut ed het aryl as defined 20 bel o n er
groups - a&yﬁj’SRh rRal gy ‘@&%@F@gﬁi{tbﬁﬁﬂg}/ gy cn, halogen Towe? alky,
substltuted lower alkyl, acyl, aryl, substituted aryl, hetaryl, or substituted hetaryl as defined

20  below.

“Alkyl alkynyl” refers to a groups -RC=CR’ where R is lower alkyl or substituted
lower alkyl, R’ is hydrogen, lower alkyl, substituted lower alkyl, acyl, aryl, substituted aryl,
hetaryl, or substituted hetaryl as defined below.

“Alkoxy” denotes the group -OR, where R is lower alkyl, substituted lower alkyl, acyl,

25  aryl, substituted aryl, aralkyl, substituted aralkyl, heteroalkyl, heteroarylalkyl, cycloalkyl,
substituted cycloalkyl, cycloheteroalkyl, or substituted cycloheteroalkyl as defined.

“Alkylthio” denotes the group -SR, -S(O)n-1-2-R, where R is lower alkyl, substituted
lower alkyl, aryl, substituted aryl, aralkyl or substituted aralkyl as defined herein.

“Acyl” denotes groups -C(O)R, where R is hydrogen, lower alkyl substituted lower

30  alkyl, aryl, substituted aryl and the like as defined herein.
“Aryloxy” denotes groups -OAr, where Ar is an aryl, substituted aryl, heteroaryl, or
substituted heteroaryl group as defined herein.
“Amino” denotes the group NRR’, where R and R’ may independently by hydrogen,




| ower al kyl, R is hydrogen, |lower alkyl, substituted |ower alkyl, acyl,
aryl substltut ed aryl, hetaryl, or substltut ed hetaryl as defined bel ow

"Al koxy denotes the group -OR, where R% s |ower al kyl, s@@sBE(tA8)ed | ower
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car bocychEIS“lfoFyécﬁomo?‘M, ayleyy| hsterearylosy. aming epfamaily mono- ﬁbdlesupﬁtév@dawy

R
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het er oar ¥} gllikeny!l am no, aI kyl car bonyl am no, arylcar bonyl am no,
het eroaryl carbonyl am no, or the like. "Substituted aryl" refers to aryl
optional Iy subSebstittestiani’t refersgo arylneptiontlln stbstitted with one or more functional

groups, e.g., halogen, lower alkyl, lower alkoxy, alkylthio, acetylene, amino, amido, carboxyl,
hydroxyl, aryl, aryloxy, heterocycle, hetaryl, substituted hetaryl, nitro, cyano, thiol, sulfamido
20 and the like.
“Heterocycle” refers to a saturated, unsaturated, or aromatic carbocyclic group having
a single ring (e.g., morpholino, pyridyl or furyl) or multiple condensed rings (e.g.,
naphthpyridyl, quinoxalyl, quinolinyl, indolizinyl or benzo[b]thienyl) and having at least one
hetero atom, such as N, O or S, within the ring, which can optionally be unsubstituted or
25  substituted with, e.g., halogen, lower alkyl, lower alkoxy, alkylthio, acetylene, amino, amido,
carboxyl, hydroxyl, aryl, aryloxy, heterocycle, hetaryl, substituted hetaryl, nitro, cyano, thiol,
sulfamido and the like.
“Heteroaryl” - alone or in combination means a monocyclic aromatic ring structure
containing 5 or 6 ring atoms, or a bicyclic aromatic group having 8 to 10 atoms, containing
30  one or more, preferably 1-4, more preferably 1-3, even more preferably 1-2, heteroatoms
independently selected from the group O, S, and N, and optionally substituted with 1 to 3
groups or substituents of halo, hydroxy, alkoxy, alkylthio, alkylsulfinyl, alkylsulfonyl,
acyloxy, aryloxy, heteroaryloxy, amino optionally mono- or di-substituted with alkyl, aryl or



groups, e.g., halogen, |ower alkyl, |ower alkoxy, alkylthio, acetylene,

am no, am do, carboxyl, hydroxyl, arylioaryloxy, het erocycl e, hetaryl,

substituted hetaryl, nitro, cyano, thiolY sulfam do 20 i ke.
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20  dihydrobenzofuryl, dihydroindolyl, and the like. A substituted hetercyclyl contains a

substituent nitrogen attached at an available carbon or nitrogen to produce a stable compound.

“Substituted heteroaryl” refers to a heterocycle optionally mono or poly substituted
with one or more functional groups, e.g., halogen, lower alkyl, lower alkoxy, alkylthio,
acetylene, amino, amido, carboxyl, hydroxyl, aryl, aryloxy, heterocycle, substituted

25 heterocycle, hetaryl, substituted hetaryl, nitro, cyano, thiol, sulfamido and the like.

*Aralkyl” refers to the group -R-Ar where Ar is an aryl group and R is lower alkyl or
substituted lower alkyl group. Aryl groups can optionally be unsubstituted or substituted
with, e.g., halogen, lower alkyl, alkoxy, alkylthio, acetylene, amino, amido, carboxyl,
hydroxyl, aryl, aryloxy, heterocycle, substituted heterocycle, hetaryl, substituted hetaryl, nitro,

30  cyano, thiol, sulfamido and the like.

“Heteroalkyl” refers to the group -R-Het where Het is a heterocycle group and R is a
lower alkyl group. Heteroalkyl groups can optionally be unsubstituted or substituted with e.g.,
halogen, lower alkyl, lower alkoxy, alkylthio, acetylene, amino, amido, carboxyl, aryl,
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acet yl engyar@ihigl, sidfintl@e asdhodxy) , aryl, 11 22 DEC 2003 aryl oxy,
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cyano, thiol, “CyeiphetetodliyBrafersie a dyrloalkylgroup vhergimengormergiofthe fieg ¢askon
group.- R Het Ar _wher et s _an Cet rgaryl group and R | ower al kyl or
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heterocycle, hetaryl, substituted hetaryl, nitro, cyano, thiol, sulfamido and the like.

20 “Alkyl cycloalkyl” denotes the group -R-cycloalkyl where cycloalkyl is a cycloalkyl
group and R is a lower alkyl or substituted lower alkyl. Cycloalkyl groups can optionally be
unsubstituted or substituted with e.g. halogen, lower alkyl, lower alkoxy, alkylthio, acetylene,
amino, amido, carboxyl, hydroxyl, aryl, aryloxy, heterocycle, substituted heterocycle, hetaryl,
substituted hetaryl, nitro, cyano, thiol, sulfamido and the like.

25 “Alkyl cycloheteroalkyl” denotes the group -R-cycloheteroalkyl where R is a lower
alkyl or substituted lower alkyl. Cycloheteroalkyl groups can optionally be unsubstituted or
substituted with e.g. halogen, lower alkyl, lower alkoxy, alkylthio, amino, amido, carboxyl,
acetylene, hydroxyl, aryl, aryloxy, heterocycle, substituted heterocycle, hetaryl, substituted
hetaryl, nitro, cyano, thiol, sulfamido and the like.

30 Compounds of this invention can be prepared according to the methods outlined in the

schemes 1-2. 2-Stannyladenosine 1 was prepared in three steps from




10 "Substituted cycloal kyl" refers to a cycloal kyl group conprising one or
nore substituents with, e.g., hal ogen, FJyower al kyl, substituted | ower
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commercially available 6-chloropurine riboside following literature procedure (K. Kato et.al.,
J. Org. Chem. (1997), 62, 6833-6841). Tri TBDMS derivative 3 was obtained by treating 2
5  with TBDMSC! and imidazole in DMF. Lithiation with LTMP followed by quenching with tri
n-butyltin chloride gave exclusively 2-stannyl derivative 4. Ammonolysis in 2-propanol gave
2-stannyladenosine 1. Stille coupling of 1 with commercially available 2,5-diiodothiophene in
presence of PA(PPh;)s and Cul resulted in 5 (K. Kato et.al.,, J Org. Chem. (1997), 62, 6833~
6841). Deprotection of silyl groups on 2°,3’ and 5° hydroxyls with 0.5 M ammonium fluoride
10 in methanol gave 6 (Scheme 1).
Phenylthiophene derivative 8 was prepared by treating iodothiophene derivative § with
commercially available tri-n-butylphenyltin to give compound 7 which was deprotected with

0.5 M NH4F.



cemmercially avail abl e 6-chloropurine riboside followng literature
procedure (K Kato et.al. J. Og. Chem (1997), 62, 6833-6841). Tri TBDVB
derivative 3 was obtained by treating 2% with TBDMBCI and inidazole in

DMF. Lithiation with LTMP followed by quenching with tri nzlgq}mlg
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avai l abl e 2, 5- cdr i odot hi ophene in presence of Pd(PPh3)4 and Cul resulted in
5 (K. Kato e N J. Og. Chem 1997), 62, 6833- §841). Deprotection of

silyl group o}ﬁﬂz ., 3" and 5' hyd with 0.5 M afmonjum fluoride 10 in
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tri-n- butyIrS‘e LA n gve co 7v\h|c’ﬁwas depf tected with 0.5 M
NH4AF. 13 Schene 2°°§) 4é%\~~oNo° L Cl 220EC2 speci fic synthesis
of conpound 13 is illustrated in Scha& 2. Conmer ci al I% a¢ai | abl e

guanosine 9 was converted to the tM acetate 10 as pr'dvi®8usly described (M
J. Robins and B. 5 Uznanski, Can. J Chem (1981), 59, 2601-2607). Conpound

11, prepared by followng the literature procedure of Cerster et al. (J.

F. Cerster, 4 F. Lews, andc,R K. Robi ns, Lhesis, 242-243), was
convert ed\t grconpounds 13 tvvo steps as prevr ousl ’descrr bed for simlar
type of cénpounds ( Mat ., Synt hesi s, 3. Conpounds of

t his i nvéentiom are Jun’(',’bron > b e imaging 10
agents to %frage coronar?/actr y. wdoe corrpounds of "tdils invention are A2A
agoni sts thaty/are believ rovide specific a aty on of adenosi ne A2A
receptors f‘h‘@ coronary vess l ®aas opposed to aden Si‘ele Al receptors in
the atrium and AV-node and/ e A8 receptors in 13 OH

A specific synthesis of compound 13 is illustrated in Scheme 2. Commercially available
guanosine 9 was converted to the triacetate 10 as previously described {M. J. Robins and B.
5  Uznanski, Can. J. Chem. (1981), 59, 2601-2607). Compound 11, prepared by following the
literature procedure of Cerster et al. (J. F. Cerster, A. F. Lewis, and R. K. Robins, Org.
Synthesis, 242-243), was converted to compounds 13 in two steps as previously described for
similar type of compounds (Matsuda et al., Synthesis, (1984), 963.
Compounds of this invention are useful in conjunction with radioactive imaging
10 agents to image coronary activity. The compounds of this invention are Ajs agonists that are
believed to provide specific activation of adenosine A; receptors in the coronary vessels as
opposed to adenosine A receptors in the atrium and AV-node and/or Ajp receptors in
peripheral vessels, thus avoiding undesirable side-effects. Upon administration in a
therapeutic amount, the compounds of this invention cause coronary blood vessels to
15 vasodilate to induce coronary steal wherein healthy coronary vessels steal blood from
unhealthy vessels resulting in lack of blood flow to heart tissues. Coronary imaging then
identified coronary regions with healthy and unhealthy blood flow. Lower doses of the Aza
agonists may provide beneficial coronary vasodilatation (less severe) in the treatment of
chronic CAD.
20 As A, agonists, the compounds of this invention are also useful in adjunctive therapy

with angioplasty to induce dilation, inhibit platelet aggregation, and as a general anti-
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20 If the final compound of this invention contains a basic group, an acid addition salt

may be prepared. Acid addition salts of the compounds are prepared in a standard manner in a
suitable solvent from the parent compound and an excess of acid, such as hydrochloric,
hydrobromic, sulfuric, phosphoric, acetic, maleic, succinic, or methanesulfonic. The
hydrochloric salt form is especially useful. If the final compound contains an acidic group,
25  cationic salts may be prepared. Typically the parent compound is treated with an excess of an
alkaline reagent, such as hydroxide, carbonate or alkoxide, containing the appropriate cation.
Cations such as Na', K*, Ca*? and NH," are examples of cations present in pharmaceutically
acceptable salts. Certain of the compounds form inner salts or zwitterions which may also be
acceptable.
30 Pharmaceutical compositions including the compounds of this invention, and/or
derivatives thereof, may be formulated as solutions or lyophilized powders for parenteral

administration. Powders may be reconstituted by addition of a suitable diluent or other

pharmaceutically acceptable carrier prior to use. If used in liquid form the compounds of this
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be administered directly or filled into a soft gelatin capsule. It is preferred that the

compositions of this invention are administered as a solution either orally or intravenously.

The Examples which follow serve to illustrate this invention. The Examples are intended to

in no way limit the scope of this invention, but are provided to show how to make
25 and use the compounds of this invention. In the Examples, all temperatures are in

degrees Centigrade.

Example 1

30 {(2R,3R,4R,5R)-3,4-diacetyloxy-5-[6-chloro-2-(5-methyl(2-thienyl))purin-9-yljoxolan-
2-yl}methyl acetate (12)

To a suspension of 2-Amino-6-chloro-9-(2°,3",5 -tri-O-acetyl)-D-

ribofuranosylpurine (11) (170.0 mg, 0.4 mmol) in 2 mL 2-methylthiophene, was added
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Compounds of this invention were assayed to determine their affinity for the A2A

receptor in a pig striatum membrane prep. Briefly, 0.2 mg of pig striatal membranes were
treated with adenosine deaminase (2 U/mL) and 50 mM Tris buffer (pH = 7.4) followed by

20 mixing. To the pig membranes was added 2 mL of serially diluted DMSO stock solution of
the compounds of this invention at concentrations ranging from 10 nM to 100 uM or the
control received 2 mL of DMSO alone, then the antagonist ZM 241385 in Tris buffer (50
mM, pH of 7.4) was added to achieve a final concentration of 2 nM . After incubation at 23 ©
C for 2h, then the solutions were filtered using a membrane harvester using multiple washing

25  of the membranes (3x). The filter disks were counted in scintillation cocktail to determine the
amount of displacement of tritiated ZM displaced by the compounds of this invention.
Greater than a 5 point curve was used to generate Ki's. Compound 13 has a Ki between 1,000
and 10,000 nM.

30 EXAMPLE 4
Additional compounds of this invention were prepared as follows:
9-{(2R,3R,4R,5R)-3,4-bis(1,1,2,2-tetramethyl-1-silapropoxy)-5-[(1,1,2,2-tetramethyl-1-
silapropoxy)methyl]oxolan-2-yl}-2-(5-iodo(2-thienyl))purine-6-ylamine (5).
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ramet hyl

si | apr opoxy) net hyl ] oxol an-2-yl }-2-(5-iodo(2-thienyl))purine-6-ylamne (5).
17 2 2 DEC 2003 A m xture of conpound 4 (50ng, 0.056mmmol),

2, 5- dd i o (WHRIRAIRGSR)-246mmpino-2RG¢iPdw(2Ythieng D)ppy rit-9-yip§-(by dranymethyl o4 Olage-30i-2
mml) in %(1 m.) was stirred at 90 C for 16 h. The reaction was
concentr )in vacuo and the residue was purified by preparative thin

| ayer chromat agraphyn (JFekErRAS &J}lv‘ﬁﬁbéng) B B@Oﬂn 88: 4 sbRuishf g NpggmRound
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(4S, 2R, 3R.26R), PH], @ MriddoHE), 652i(0AH)27 fi6i(r2¥)) 7.851(d, 21D; ¥.80 (5 1My dr oxynet hyl )

oxol ane-3,4- diol(6). A solution of tri TBDMS derivative (5) (15 ng) in 0.5
M sol ution of NH4F in

9-{(2R,3R,4R,5R)-3,4-bis(1,1,2,2-tetramethyl-1-silapropoxy)-5-[(1,1,2,2-tetramethyl-1-
silapropoxy)methyl]oxolan-2-yl}-2-(5-phenyl(2-thienyl))purine-6-ylamine(7).

20 A mixture of compound 5 (20mg, 0.056mmol), tri n-butylphenyltin (50mg),
Pd(PPh3)4 (20mg, 15 mol %) and Cul (40mg, 0.2 mmol} in DMF (1 mL) was stirred at 90 C
for 16 h. The reaction was concentrated in vacuo and the residue was purified by preparative
thin layer chromatography (methylene chloride: methanol 10:1) to afford compound 7: 1H
NMR(CDCI3) 0.00(s, 3H, CH3), 0.01(s, 3H, CH3), 0.04(s, 3H, CH3), 0.07 (s, 3H, CH3),

25 0.11 (s, 3H, CH3), 0.14 (s, 3H, CH3), 0.78 (s, 9H, t-bu), 0.83 (s, 9H, t-bu), 0.91 (s, 9H, t-bu),
3.80 (d, 1H), 4.05 (d, 1H), 4.11-4.12 (m, 1H), 4.32-4.33 (m, 1H), 4.80 (d, 1H), 5.55 (bs, 2H,
D20 exchangeable), 5.95 (d, 1H), 7.25-7.4 (m, 5H), 7.65 (d, 2H), 7.85 (d,1H), 8.12 (s, 1H).

(4S,2R,3R,5R)-2-[6-amino-2-(5-phenyl(2-thienyl))purin-9-yl]-S-(hydroxymethyl)oxolane-
30  3,4-diok(8)

A solution of triTBDMS derivative 7 (5 mg) in 0.5 M solution of NH4F in methanol (5mL)

was refluxed for 16 h. Reaction mixture was concentrated and residue was purified by

preparative TLC (methanol-dichloromethane 9:1) to afford 8; 1H NMR (CD30D) 3.65(d, J =
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net hanol (5nL) was refluxed for 16 h. The reaction m xture was concentrated
and the residue was purified by preparajive TLC (net hanol -di chl oronet hane
9:1) to afford 6; | H 15 NWR (CD30OD) 3. (d, J = 11.2 Hz, 220FC 29381 (d, J
= 11.2 Hz 4.15-4.16 1 , 4.25- 4.26 (m1 4.78 (dd, 1 :
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compound 5 (20nmg, 0.056mmmol), tri n-butyl phenyltin (50ng), Pd(PPh3)4
(20mg, 15 nol %9 and Cul (40ng, 0.2 mmol) in DMF (1 nL) was stirred at 90 C |
for 16 h. The reaction was concentrated in vacuo and the residue was
purified by preparative thin |layer chronmatography (nethyl ene chloride:

met hanol 10:1) to afford conpound 7: 1H NVR(CDC13) 0.00(s, 3H CH3),
0.01(s, 3H CH3), 0.04(s, 3H, CH3), 0.07 (s, 3H, CH3), 25 0.11 (s, 3H,
CH3), 0.14 (s, 3H, CH3), 0.78 (s, 9H, t-bu), 0.83 (s, 9H, t-bu), 0.91 (s,
9H, t-bu), 3.80 (d, 1 H, 4.05 (d, | H, 4.11-4.12 (m | H, 4.32-4.33 (m
| H, 4.80 (d, I H, 5.55 (bs, 2H D20 exchangeable), 5.95 (d, 111),
7.25-7.4 (m 5H), 7.65 (d, 2H), 7.85 (d, I H, 8.12 (s, | H).

(4S, 2R, 3R, 5R)-2- [6-am n

0- 2- (5- phenyl (2-thienyl))purin-9-y11-5- (hydroxynethyl)oxolane- 30
3,4-dial(s) Asolution of tri TBDVS derivative 7 (5 ng) in 0.5 Msolution of
NH4F i n nmet hanol (5m.) was refluxed for 16 h. Reaction m xture was
concentrated and residue was purified by preparative TLC

(et hanol - di chl oronet hane 9:1) to afford 8, IH NW (CD30D) 3.65 (d, J = 18
2 2 DEC 2003 11.2 Hz, | H), 3.81 (d, J =11.2 Hz, | H, 4.15-4.16 (m | H),
4.22-4.26 (m1 H), 4.74 (dd, I H, 5.74 (d, 1H, 7.10-7.25 (m 5H), 7.45
(d, 2H), 7.74 (d, 2H), 7.87 (s, 1 H. 19 What we claimis: |I. A conpound
having the formula: NNa- N R 11 N



PRI e T TR SRR T e a - S

/X R4 22DEC2003 wherein Xis S, 0 or NR5; 5 R is -Cl-120H or -C(=0 NR7R
8, R2, R3, R4 and R5 are each individual4y selected fromthe group

consi sting of hydrogen, halo, NO2, CF3, CN, OR20, SR20, N(R20)2, S(O R22,
S02R22, S%I%&QR’ZOEZi .S02NR20COR22, S02NR20C02R22, S02NR26CON( R20) 2, N(R20) 2
NR20COR22) < ¥, NR2DCON(R20) 2, COR2, CO2R20, CON( R 2DEC 2003
CONR20SO2R22, leogpggg%,Zm@%bﬁémgbz 10 OCONR20SC2R22, OC( O R20,

C(O OCH20C( O R20, OCON(R20)2 , C1 15 al kﬂ’ C2_15 al kenyl, C2_15 al kynyl,
Cl-15 al koxy, heterocyclyl, aryl, and hefffeoaryl, which alkyl, al kenyl,

al kynyl, al koxy, aryl, heterogyclyl, aryl are optionally
substituted with froml to 3 Jﬁt@it ndently selected fromthe
group consi sting of hal o, NOZ( ro , heteroaryl, CF3, CN,
OR20, SR20, N(R20) 2, S(O)RQQ—,—*%"(}Z 2, SORN(R20)™2, S02NR20COR22, 15
S02NR20C02R22, SOZNR24CO\I(R20)\2'*-N(R20)2 N 2, NR20C02R22,
NR20CON( R20) 2, COR20, CO2R20, REON( R20) 2, R20SQ2R, NR20S02R22,
502NR20C02R22 , OCONR20SO2R22, OC(O) R20, @) 2 ) R20, and OCON( R20) 2
and wherein each optional heteroaryl, agyf, ard heterocyclyl substituent
is further optionally substituted with halo, . al kyl, CF3, am no,
nonoal kyl am no, di al kyl am no, al kylam de, arylam de, 20 Heteroaryl am de,
NCOR22, NR20SG#eRdn XGOR20, or®IRT24, CON(R20) 2, NR20CON(R2) 2, OC( O) R20,
OC(O N(R2) 2, SR20, S( O%luR22, S02R22. . SO2N( R20) 2, CN, and OR20 wherein when
R is5CH2OH, thdh6HeO8upsrCEOMR Bel ected from R2, R3 or R4 is not

hydr ogen; R7 d 4 i dent I : | kyl
that Ts opti onat Ry ¥ SOE FLLPah i (oD osier e oot 85 bRt obblonel )
f, el ect ed hlﬁroQ g@ﬁeﬂ}gr 013%2 (gn’r?g Eg\g‘i, nq(RaR‘rz)%), se(B))lg%%L @%Nézgoagg%%"mmzmz (;;(DRP,
eteroary , S02N¢ R20

502Nl CORBS B DR COMIB Do NI KPR N RO ORERIR AR
NR20C02Rg, WR20EEN20) RoiREBY.  LBRRPSAFRM FoNs QR0 SEB R CO,R,

—
-

NR20S02
10 OCONR¥SO,R%, OC(OIRY, C(O)YOCH,0C(O)R™, OCON(R™),, C\.15 alkyl, Ca.15 alkenyl,

Cs.15 alkynyl, Cy.5 alkoxy, heterocyclyl, aryl, and heteroaryl, which alkyl, alkenyl, alkynyl,
alkoxy, aryl, heterocyclyl, and heteroaryl are optionally substituted with from 1 to 3
substituents independently selected from the group consisting of halo, NO,, heterocyclyl, aryl,
heteroaryl, CF3, CN, OR?’, SR?, N(R*®),, S(O)R%, SO;R*, SO,N(R™),, SO;NR*COR?,
15 SONRPCO,R%, SO,NRPCON(RRY),, N(R¥), NR¥COR?*, NR¥CO,R%, NR*CON(R™);,
COR®, COR¥, CONR®), CONRMSOR¥, NR™SO,R™, SO,NR*CO,R%,
OCONR?S0,R?, OC(O)R®, C(O)OCH,0C(O)R?®, and OCON(R?); and wherein each
optional heteroaryl, aryl, and heterocyclyl substituent is further optionally substituted with
halo, NO,, alkyl, CF;, amine, monoalkylamino, dialkylamino, alkylamide, arylamide,
20  Heteroarylamide, NCOR?, NR?’SO,R*”, COR”, CO,R®, CONR™),, NR*CON(R*),,
OC(O)R™, OC(ON(R™),, SR¥, S(O)R%, SO,R%, SO;N(R™),, CN, and OR?® wherein when

R'is CH,0H, then one substituent selected from Rz, R? or R*is not hydrogen;
R’ and R® are each independently selected from H, and C).;5 alkyl that is optionally
substituted with from 1 to 2 substituents independently selected from the group consisting of
25 halo, NO,, heterocyclyl, aryl, heteroaryl, CFs, CN, OR®, SR¥, N(R*),, S(O)R*, SO.R%,
SO,N(R?),, SO,NR*’CORZ, SO,NR¥*CO,;R%, SO,NR®CON(R?),, N(R¥), NR¥®COR*,
NR?CO,R%, NR®CON(R?Y),, COR®, CO,R®, CON(R*),, CONR*SO,R*, NR**SO,R*,



20 2 2 DEC 2003 S02NR20C02R22, OCONR20S02R22, OC(O R20, C(O OCH20C( O R20,
" and OCON(R20)2 and each optional hetercf)(?ryl aryl, and heterocyclyl

substituent is further opt i onal | y substFfuted with hal o0, WQZJEEaﬂ[]D@yI CF3,

| kyl | | d
D oroar RO R ORISR RS S ohB (R Rawd DNy and 2,

NR CON(R ( ) S02R22, .. S
CN, and Optl(f-%(hger lec e’d’l‘{y rﬁg%%?gl)ﬁrsgu%ﬁg%n&)sﬂ st negr %no'g'all)b% ?cLyI
C2_15 al Kﬂﬂyhalocm5aﬂcP¢k)¢W3 amihtg tras N6 Aathino 28l kylaido hﬂkﬂ@ﬁﬁdeﬂmylmi&h

al kyl al kenyl al kyn ter cl and hetero are eac
oot onal Ihpiessmmenids; SHCRRT, NEGSGRID §ORDS (ieht CON B naGIC NG bct od

al k! am G ORE ERTDIRIED: Sl SO e, SRR Ro k™ L™ "aryi

and het er oar yIR*® angkiddtell frémInd Qohdiftgt dTH, AT, QWRIKGR TS, Sdlkérd1,of . Calkdhyl,
al kyl, C2_15 al kenyl, C2.15 al E@)‘JE hetgerocycil ,kgary ag heztleroaryl

whi ch al fgterocatiybngmyl, @&yﬁ@roar)ﬂetvémw&qyyl alkarw,l allqnﬂ Hetereqyshy pryhr addach

o e R ot Bl ek BOR32 Rb B BRI e *
al kyl am dﬁam 1t¥1e fli_lglﬁebhﬁn!':diﬁisti dgt@fr ‘hﬁfo}" alRyTl c}ﬁ@no@hk 1amtn&;1 dfalR1hino, Cﬁ%lmﬁmé

het er oaryl . conmpound of claim1 wher ei n R2 i s i ndependent|y sel ected
fromidhe agsrlmple lmatergals’tamlge &N dheghy], (B, a9, ahkbétemayl;aangdl | wherein the
al kyl and aryl

substituents &%gsggﬁi ‘lrjfﬁ] @'lee%?‘ggtc‘!f“%gﬁ%‘:nlgy (gh?'g}ﬂb‘yi{f:@hévgll%epﬁ]g &%&E’Bﬂ
OR20, ar eierdddly), 28191, Chhd fh@fér SHRAT Wnfeh® BRLORKEBNARIIRY] HRURGCLAC AL find 20

optional ly subs éd wth halo, alkyl, are éach
i ndi vi dué:leteyoanellaecezﬁﬂi dpnnonaltyrmlbgltumpl vatmBomtli togd pibstitycnts grelepercientdp seledted/| |,

aryl, halo and Where | kyl, and .aryl substjtuents are.

opT i onal 1™ s EwG: PSR oF Jrar ¢y windiirdalios ‘HREbinaen fiamide
sel e ed S | r , and CN, and wherein
eachcltgpt [ or}gﬁl&hﬁﬁt% g?ﬁ?&egﬁt |dsm:c§§t| h?till;f3 mguﬁl%etrlﬁl?ed 25 with hal o,

al kyl, CF3 or ZCN drd degpoisd eftlaimt &avhiered ywindependentlyGelebted | fkoph the:groﬂihe

corrpound of .clai er ei oint of attachnent_ of the r|n .s C4. 4.
The conp&aRSistHIE ef iw%ge% m.fﬁk:f h%ndpﬁll'yt freiny {hecpneh Ane Ar F‘i“HEPtF HE 3,

optionally substituted with from 1 to 2 substituents independently selected from the group
consisting of halo, OR®, aryl, CF;, and CN, and wherein each optional aryl substituent is

20  optionally substituted with halo, alkyl, CF;3 or CN;

R’ and R? are each individually selected from the group consisting of hydrogen, Cy.is
alkyl, aryl, halo, CF3;, and CN, wherein the alkyl, and aryl substituents are optionally
substituted with from 1 to 2 substituents independently selected from the group consisting of
halo, aryl, CFs, and CN, and wherein each optional aryl substituent is optionally substituted

25  with halo, alkyl, CF; or CN; and

R is selected from hydrogen or C . alkyl.

3. The compound of claim 1 wherein the point of attachment of the ring is C-4.

4. The compound of claim 1 wherein the point of attachment of the ring is C-3.

5, The compound of claim 1 wherein R!is —CH,OH and X is S;

30 R? is selected from the group consisting of hydrogen, C).o alkyl and aryl, wherein the
alkyl and aryl substituents are optionally substituted with from 1 to 2 substituents
independently selected from the group consisting of halo, ORY, aryl, CF3;, and CN, and
wherein each optional aryl substituent is optionally substituted with halo, alkyl, CF; and CN;



5" The conpound of claim1 wherein RL is -CH20H and Xis S; 30 R2 is

-

sel ected fromthe group consisting of hydrogen, Cl1_10 alkyl and aryl,
wherein the alkyl and aryl substituents are optionally,

%Zﬂgﬁg éut ed with
froml to 2 substitugnts |ndependent sel ected fromtée g consi sting
of halo, OR20, Fw“i ,aCEﬁ%f%aPﬁﬁvnwV%a#egr%?ﬁheeaehp pRsitg ot Bydrogen, Ciis
substi t ugftyi phiigngd el ' I y n Lt 2
DEC 2003 ’aﬁg‘p’m a’rgj é%/lgﬁ itl?]d’i wgua }Q{llégle e’c'tg%%%brho%l)ts e 51?0%8 (;“r?élgdé i ng
of hydr ogabstitiitd 1bth abibgtituear indepeindémly €kedtedafinam @ grolp rconsistinpeofaialy;| CFsand
aryl substituentg are optionally substituted with a substituent
independé‘l‘?‘ElI(-‘5€§1‘-5l ected fromthe group consisting of halo, CF3, and CN, and

5 R204is sele 2%%2%@@3%529%&{0%1 Aldqy! . 6. The compound of claim1

wherein Rl is i's sél'ected fromthe group consisting of
hydrogen, Cl_8&.al kyFheanthpanyd of sikier iwheteheR' BlHGH,OIYAK &Sl substituents are
optionally substituted with from1l to 2 substjtuents independent]y

sel ect ed fromk H8 sgleeg fophteroymycansisiag of hygogen. Sny alkyepnd aryhgvhereindhe 10

wher ei n i,ona . uhsti i | J St t ut | | o,
al kyl , c%gﬁgnﬁﬁoi’r?ﬁ Il%l%glﬁl n§49§r gbgg%ﬂlyi %‘é%lméﬁd;ﬁluyys%%c?egd]fggsr%‘ﬁ%t&gmg?oup
consi st i nadepbndundy aghotedGtod thal geybp cansidtinghal halo CEOR Y adrell, AF;, and @20 ands

sel ected from hydrogen or Cl1_6 al kyl. 7. The_ conpound of claiml wherein R

i s - AP ohexeip gach opfignpbarylsubstjtuent g%PHtiPBﬁlrbt fubstiiuied vighhhalp aAlkylgChr and el o gen,
ClL 8 al kyl ar Vil o 0t | i .
opt i oﬁal I>/y 23%15'%{11? ult{eédél\;e\eﬁra ?*1 ﬂ}dﬁ‘él%uai@t%yelﬁteg[}g%r?ﬁ%@u%%tu E%Bbgﬁggggﬁfd@{]dﬁ%?n Cis

sel ect ed alkydraryihkalgy OFp aedaBl; aad ng of hal o, OR20, aryl, CF3, and CN, and

wherei n each ?Bi_onal a% substituent is optionally substituted with hal o,
al kyl , CF3 and® Ch sefested feprmbydrpgenceic-6 aldilyi dual |y sel ected fromthe group

consi sting of shydr : hah 0. | Substi tuent
sel ected fromilq?z, %&P%&@%@%ﬁ{/?}grgg&ﬁk g\éﬁgﬁ_@éﬂigﬁgse’l ected from
hydr agen or CIR*satléyted fidm Heqroqpauiidngbf hydrbgen] (i etlsl andRaryl swheskia@ht X
Is S, R2is selected fromthe group consisting of hydrogen, Cl-8 al kyl and

aryl, wheéligil nandharylaswbstitugats afey lopsorally susituledy Wit promnd| fg Zupbstithented
Wi th one ;gubsh e Vel R RLCEbROME T 8BS WBnsisting of halo, OR?, aryl, CF;, and CN, and

wherein each optional aryl substituent is optionally substituted with halo, alkyl, CF; and CN;

R® and R* are each individually selected from the group consisting of hydrogen,
20  methyl, and halo wherein one substituent selected from R?, R? or R? is not hydrogen; and
R? is selected from hydrogen or Cy.6 alkyl.
8. The compound of claim 1 wherein R' is -CH,OH; X is S;
R? is selected from the group consisting of hydrogen, C.g alkyl and aryl, wherein the
alkyl and aryl substituents are optionally substituted with one substituent selected from the
25  group consisting of halo, aryl, CF;, and CN, and wherein each optional aryl substituent is
optionally substituted with halo, alkyl, CF; and CN; and
R? and R* are each individually selected from the group consisting of hydrogen and
methyl.
9, The compound of claim 1 wherein R'is CH,OH; X is §;
30 R? is selected from the group consisting of hydrogen, and C,_g alkyl that is optionally
substituted with one substituent selected from the group consisting of aryl, CF3, and CN, and
wherein each optional aryl substituent is optionally substituted with halo, alkyl, CF; and CN;

and




25 group consi sti ng of halo, aryl, CF3, and CN, and wherein each optional

aryl substituent is optionally substltut ed with halo, alkyl, CF3 and CN,

and R3 and R4 are each individually sel ééted fromthe gr(idbﬂ@:[pngg sting of

hydr ogen and n%ehyl 49. The compound of claim1 wherein RL is CH20H, X is
e

S 30 R is seRecieR’ presinch Flivjdually selsatsr Sromthe groupyamsigtimg otindrd@enSarall ky|
that is g th?nal |y substituted with one substituent selected fromthe
group consisting of aryl, CF3, and CN, and wherein each optional aryl

subst i tuent i sl0opt i Thealolypoandst dlhikt eheidiRNA| CHAKYK s §F3 and ON, ~and 22
22DEC2003 R3 and R4 are each individually sel ected Trom’the group
consi sting of H‘]y'ér%lg?eﬁl viathgt isnentippeally sobstiuted wdthponenarybrasipaihat is sptemellyn R1

is -Ch is optionally substituted with one
aryl grg}jﬁb%h ‘gd%m%dilkﬂlyﬂﬁ‘l}@%é? tuted with halo, alkyl, CF3 and ON;

and R3 and R4 Riraad®deke &icih9@RRen.11. The conpound of claim1 wherein R is
-CH2OH, Xis S R2is C1-6 alkyl that is optlonally substituted wth aryl
that is optlorldl I y'rsml?@mwmfb clgim hvakieid R’ sr€HORX &R] R4 are each

hyd f cl 1 CONHEt ; X S,
s)él (ragtg 23 from he glfﬁougﬂn%ﬁto s((fzqtﬁlaaribf ‘%ﬁ?ﬁﬁ@ﬁ%w ldi‘ablsa"i’m&ﬂ“altli;ﬁ;'ﬂbspé‘“ed >

opt i onal hwith #ikylsand uted with one substituent selected fromthe group
consisting of aryl, ,CF3, and CN, and wherein each optional aryl
subst!Pt uent |§@pdﬂ?o@sﬁ¢ayh§u@©gcn ut ed W|th hal o, alkyl, CF3 and CN; 15 and

R3 and R4 are ach i ndi vi dua sel rou con5| sting of
hydr ogen and thyI_Ill'1 P?Wé(l%é/ ﬁHL a‘isrﬁ({b is - CONHEt; X
is S, R is sedzqgfsadctédﬂmﬂﬂl% bR orfsRfRE BF h 0
that is optionally 20 substi t%t‘gg Wi tE % g&ygéng%% ?ﬁ‘ﬁfﬁ&g‘ bé‘tp%é’ﬁ?w
subst i t useeptifitedwithlope sabstipnent @fecteh fromNhe gnmp dadsistiviy 6¥largl, € Fgaaid Oy dapen.
wherein each optional aryl substituent is optionally substituted with halo, alkyl, CF; and CN;
15 and

R’ and R* are each individually selected from the group consisting of hydrogen and
methyl.

13.  The compound of claim 1 wherein R! is <CONHE; X is S;

R? is selected from the group consisting of hydrogen and C,.3 alkyl that is optionally

20  substituted with one aryl group that is optionally substituted with halo, alkyl, CF; and CN; and

R? and R* are each hydrogen.

14, The compound of claim 1 wherein R' is CONHEt; X is S;

R? is selected from the group consisting of hydrogen and C,.¢ alkyl that is optionally
substituted with aryl that is optionally substituted with alkyl; and

25 R® and R* are hydrogen.

15. A compound of claim 1 selected from the group consisting of (4S,2R,3R,5R)-
2-[6-amino-2-(5-methyl(2-thienyl))purin-9-yl]-5-(hydroxymethyl)oxolane-3,4-diol,
(4S,2R,3R,5R)-2-[6-amino-2-(5-iodo(2-thienyl))purin-9-yl]-5-(hydroxymethyl)oxolane-3,4-
diol, and (45,2R,3R,5R)-2-[6-amino-2-(5-phenyl(2-thienyl))purin-9-yl]-5-

30 (hydroxymethyl)oxolane-3,4-diol.

16.  Use of compound of claim 1 for the preparation of a pharmaceutical

composition for stimulating coronary vasodilation in a mammal.

17. The use of claim 16 wherein the pharmaceutical composition is for




14. The compound of claim1 wherein Rl is CONHEt; X is S; R2 is selected
fromthe group consisting of hydrogen and C1_6 alkyl that is optionally
substituted with aryl that is optionall Wsubsti tuted witlg ADKyR)} and 25 R3
and R4 are _hydrogen. 15. A conpound of claim1 selected fromthe group

consi st i ngdmigtermextherapswjcally effectivieiampuat ¢fheretrthpoun@-dficiatmyll tapgiug frond- | |

-5- (hydr t.hwl | ane- 3.4-di ol

(4s|, 2R, 3%&@{ : a%;”lﬁ%%%if’fé’-ei%%?‘ﬁlst hi enyl )) puri n-9-yl]-5- (hydr oxynet hyl )
oxol ane- 5, 4- Q80! , Hidise of claim 16 or 17 wherein the mammal i

(4S, 2R, 3R, 5R) -2 [ 6-ami no-2- (5~ pheny] (2-thi eﬁﬁ))pur‘f%-hg‘-“?ﬁ_-& 30

(hydr ox%/ met hyl Poxolﬁ“aﬂ?barm,a&t?l_m comm81tldm_et;ogxiprrs;ngmcx]:rﬂpmifndfdfaﬂﬂhﬂl fafid oh& 6r

pr eparati of . a r mpceuti c conposition for stimulating coronary
vasod?| atlﬁ%ﬁplh?ﬁmba%?ﬁﬁgﬂy ?ccfﬂagiﬁﬁé‘c g%tsof claim 16 wherein the

phar maceut i cal20c oM@ iphhfiackstidaPEond L el

t herapeutical ly effectp:hve am)llmt %fp?sﬁg)ngog%@aﬁg ‘gﬁé}g’l{lgﬂgb@@éﬁeﬁnﬁ%
0.01 to rowmppsjliegisseithghformfofalselutanmal . 18. The use of claim 16 or
wherein the g I r#s human.. 19. A phar Nﬁée,uti cal conposition conprising
a compound of %I ai P grrotiea! compyhen phelainm b2 whered thy campesitiemise

exci pi entySeful4d an Ha6-iRNShARESUL ARAS L .l a 9 wherein the
pharmaceuti cal c_orrpb_si t oﬁﬁ#’sl_ :?1 ) {Iﬂe fo%#’%%%%@h@%@h%%@te%e

phar riﬁceta_ggr_caﬂ%tiommﬂpbﬂom am_hameindlghﬂaum d&lmﬁm mmndu!neﬁnicpaag%tilbh_on is useful
as an anti-inflammatory, in adjunctive therapy with angi opl asty, as a

pl atel et 10 aggregation inhibitor, and as an inhibitor of platelet and
neut rophi | activati on.
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