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dilatory valepofiS¥F] top eohissasdiographieiiniaging s ativms stbjected to pharmacologlcal stress
20 with a_;denésine 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.

Adenosii:e Ay and A, receptors are involved in a mast cell degranulation and,
.25  therefore, asthmatics are not give the non-specific adenosine agonists to induce a
pha:macologxca.l stress test. Additionally, adenosine stimulation of the A, receptor in the
atrium and A-V node will diminish the S-H interval which can induce AV block. (N.C. Gupto
et al J 4Am Coll. Cardiol; (1992) 19: 248-257). Also, stimulation of the adenosine A,
receptor by adenosine may be responsible for the nausea since the :A, receptor is found in the

30 intestinal tract. (J. Nicholls et al.; Eur. J. Pharm.(1997) 338(2) 143-150).
Animal data suggests that specific adenosine A,, subtype receptors on coronary
resistance vessels mediate the coronary dilatory responses to adenosine, whereas subtype A,
receptor stimulation relaxes peripheral vessels (note: the latter lowers systemic blood

pressure). As a result there is a need for pharmaceutical compositions that are A,, receptor
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receptor stinulation relaxes peripheral vessels (note: the Iattﬁg bgt\e% '
system c blood pressure). As a result there is a need for pharhac i 448
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the A, adenosine receptor (AdoR)- nediated negative dronotropic (AV
conducti no ¥ ARG empRedmpent, Ams RinyerfioRn: &ludss derpxragelsr compounds having the

following formula:

R, R,
2
2.
% OH
OH
15 In another embodiment, this invention includes methods for using compounds of this )

invention to stimulate coronary vasodilatation in mammals, and especially in humans, for
stressing the heart to induce a 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 ‘
|

20  excipients.

DESCRIFTION OF THE FIGURES |
Figure 1 is a concentration response curve for the A, adenosine receptor {AdoR)-
mediated negative dromotropic (AV conductino time) and A,, AdoR-mediated vasodialator
25  (increase coronary conductance) effects of Compound 18 of this invention in rat isolated

perfused hearts. Symbols and error bars indicate means = SEM of single determination from



25 (i ncrease coronary conductance) effects of Conmpound 18 of thqqniggge?ﬁﬂgon
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each of four hearts. EC,, value (potg&ncy) is the concentration of Conpound
18 that causes 50% of maximal response; Figure 2 is a concentration
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SO2NRSOCOR22, 25 SO2NR20CO2R22, SO2NR20CON( R20) 2, N(R20) 2 NR20COR22,
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s compounds of this invention include a class of 2-adenosine C-pyrazole

15 compounds having the following formuta:
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wherein R' is <CH,OH, and -C(=O)NR’R%;
20 R? is selected from the group consisting of hydrogen, C,,, alkyl, C,.1s alkenyl, C,

alkynyl, heterocyclyl, aryl, and heteroaryl, wherein the alkyl, alkenyl, alkynyl, aryl,
heterocyclyl, and heteroaryi substituents are optionally substituted with from 1 to 3
substituents independently selected from the group consisting of halo, NO,, heterocyciyl, aryl,
heteroaryl, CF,, CN, OR™, SR®, N(R™),, S(O)R®, SO,R?, SO,N(R™),, SO,NR*CORZ,
25 SO,NR*CO,R¥, SO,NRPCON(R™), N(R®), NR®COR® NR®CO,R?, NRPCON(RY),
NR*C(NR*)NHR®, COR®, COR®, CON(R™), CONR®SO,RZ, NR™SO,RZ




4 SO2NRRACCRR22, OCONR24SO, R22, OC(O) R20, C(0) OCH, OC(O) R24, and OCON( R2Q)
and wherein each optional heteroaryl, aryl, and heterocyclyl dubdifi ¢
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mono- or di- alkyla.mxno, alkyl or aryl or heteroaryl amide, NCOR¥, NR¥*SO,R¥?, COR®,
20 CO,R™, CON(R™),, NR®CON(R™),, OC(O)R®, OC(O)N(R™), SR®, S(O)RZ SO,R%,
SO,N(R™),, CN, or OR¥;
R’ and R® are each individually H, C1-15 alkyl with from 1 to 2 substituents
independently selected from the group consisting of halo, NO,, heterocyclyl, aryl, heteroaryl, }
CF,, CN, OR™, SR™, N(R*),, S(O)R%, SO,RZ, SO,N(R™),, SO,NR®COR?, SO,NR*CO,R%,
25 SO,NR®CON(R),, N(R¥), NR®COR?, NR®CO,R?, NR®CON(R?),, NR*C(NR*)NHR?,
COR¥, CO,R¥, CON(R™),, CONR®SO,R¥, NR®SO,R?, SO,NR*CO,R?, OCONR¥SO,R®,
OC(O)R”, C(O)YOCH,0C(O)R™, and OCON(R™), and wherein each optional heteroaryl, aryl,
and heterocyclyl substituent is optionally substituted with halo, NO,, alkyl, CF,, amino,
mono- or di- alkylamino, alkyl or aryl or heteroaryl amide, NCOR*, NR**SO,R*, COR®,
30 CO,RY, CON(R™), NR¥CON(R™), OC(O)R®, OC(O)NR®), SR®, S(O)RZ, SO,R%,
SO,N(R™),, CN, or OR®;
R™ is selected from the group consisting of H, C,.,s alkyl, C, ,, alkenyl, C, ., alkynyl,
heterocyclyl, aryl, and heteroary!, wherein the alkyl, alkenyl, alkynyl, heterocyclyl, aryl, and
heteroary substituents are optionally substituted with from 1 to 3 substituents independently
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one of the yﬁ&bnmh@gshﬁmﬂuhqﬁmmg@crhmapﬂhsh@umueferred that Wis -CH2OH, R2

S selected fromthe group consisting of hydrogen, C al kyl wherein

the alkyl is opthmthwompbtmdsmme@ﬁ&%fgﬂgmf@mulaﬁdependem|y

sel ected fromthe group consisting of aryl, CF3, CN, and wherein each

optional aryl substituent is optionally substituted wi th halo, alkyl, CF3

or CN; and R3 and R are each 1jy ndependently_sel ec hthe group

consi sting of hydrogen, }zet hyl nore preferally, ; 4y ar e each

hydrogen. Wen the conpgund vention ha:*"we fdqilo » fornmul as: H
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andNC, aljkyl opt

then it is preferred that R’ is -CH,OH; R? is selected from the group consisting of hydrogen,

C,s alkyl wherein the alkyl is optionally substituted with one substituent independently

selected from the group consisting of aryl, CF,, CN, and wherein each optional aryl

substituent is optionally substituted with halo, alkyl, CF; or CN; and R* and R* are each
15 independently selected from the group consisting of hydrogen, methyl and more preferably,

R? and R* are each hydrogen.

thn the compound of this invention has the following formulas:
Hz

RZ—N\

H

!
X oV

%
(o)

then it is preferred that R' is -CH,OH; R? is selected from the group consisting of hydroger,
20 and C,, alkyl optionally substituted by phenyl. More preferably, R’ is selected from benzyl
and pentyl; R is selected from the group consisting of hydrogen, C, ; alkyl, aryl, wherein the
aikyl, and aryl substituents arc optionally substitited with from 1 to 2 substituents
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sel ected fromthe group consisting of halo, aryl, CF" CN, and wherel n each

optional @fyborayfastituent is optionally substituted wth halqnspbiils CF3
or CN;, and R4 is selected fromthe group consisting of hydrogen and C,.

alkyl, and nmore preferably, R is selected fromhydrogen and methyl. 5 It
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B, gg}igg'ﬁmmoﬂﬂpmﬂtﬂpwlj“ gy 0o ozl
E%drzgﬁ g)él: 29\?%&2&%%334 ézhoﬂ ﬁ’% R IR, SRY 2 (G- aming 2-( Limethylpyrazol-4-ylpurin-
(hydr o?cyﬁsi tbydr)oaxmbtamhommeeﬁ ddliol, (48, 2R 3R ,5R)-2-{6- am1no-2 -[1-

R oy S A PSR A B ot o5 2w 2
fj 4S |2R{@ﬁnﬁﬁ)}ﬁ-@@iﬁﬁylpﬂp?})ﬁﬁazol-tlﬁd]gurm- -ylt ﬁ (hydro:c}lfmethyl)oleage 3|4 -diol,
ec 1.N-3- roxyne OoX 1O
(4sy2p4§%§5i§§5¥%66'ww -lifi% ‘?"éfa%wé}ﬂ}é@i? r%t’ﬁ?ﬁ’i) -§-w§z%| ~4-yl]purin-9-yl)
-S-(h |
5 (2 %ﬁgﬁfﬁﬁ&dﬂ%ﬁ%ﬁtgg?‘?m_& ‘tn@'lt}? |31n{:51§)425&62£mn85 ~pyRzoR3-yifr9-909-52- [
( hydr otbydxpmehyhencdans- 334-dl02;|(6>‘€ 2R SRS BRasmp=2 [ [t penirdienylpaTazdl-4-3 20

C o] ). n I I ol ane- 3, 4-di ol
,y?s! gﬁ@g@gg% Wg@a %4%;-3,4-3& (45, 2R SRYSKODYETRIRG.D-Pr¢
g.h( (2:| C%NW?I—@VHWOm%szS}ghyﬁrqumyl)uchaxgeH f}-d?]dﬁ (4S,f2R 3Rr,]5R)-2 {6-
ydr o t | ol r t.hereo T WI ng
defi ni ﬁ“éﬁ “’hgl %V%y)o?ed‘y )pggazgls-déa {'HH 561?'?595’ xygthyg: °§ d‘l one or
in C0nmsm,BMRBFEa(rﬁsalﬂhb-2q&1(%ﬁ&@lctﬁﬂl}p§zm61r4~9i]ﬂnﬁ'ﬁ@9-§/m5 25 fI uoro (F),
br oM. B eymatonondiane-3 4. diol, (48 2R 3R sh)2- | Qamng- 2P - H
20  cyclohexylpropyl)pyrazol-4-yl)purin-9-yl}-5-(hydroxymethyl)oxolane-3,4-diol,
(4S,2R,3R,5R)-2-{6-amino-2-(1-(2-cyclohexylethyl)pyrazol-4-yl]purin-9-yi} -5-
(hydroxymethyl)oxolane-3,4-diol, and mixtures thereof.

The following definitions apply to terms as used herein. )
“Halo” or “Halogen” - aione or in combination means ali halogens, that is, chloro (Cl),
25 fluoro (F), bromo (Br), iodo (I).
“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
3¢ alkyl, branched alkyl or cycloalkyl. Preferably, straight or branched alkyl groups containing
from 1-15, more preferably 1 to 8, even more preferably 1-6, yet more preferably 1-4 and
most preferably 1-2, carbon atoms, such as methyl, ethyi, propyl, isopropyl, butyl, t-butyl and
the like. The term “lower alkyl™ is used herein to describe the straight chain alky] groups
described immediately above. Preferably, cycloalkyl groups are monocyclic, bicyclic or



"THi ol" or "nercapto” refers to the group -SH. "Al kyl" - al OnF?OgEQB?UM
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branchea §L is attached at any avallable point to produce a stable
5 comSBHARkY 5@%41 @CGPrempsm indepgudentl gubstinuedwith [ tond mupw

4-(i s I A substituted
al l(<yl g?gﬁﬁa% ks]?fsrog}ﬁgihf Qﬁg’}’ﬁhgf%9?"%‘5’8@%@%‘1‘aﬁ%%'?’%%‘ﬁ%&ycw a’fykf}fy ]%f?y()up

def i né!dtemaexlom ginjmo opives brmend- ondxssnibsﬁmted‘meﬂi ahl't}tllhrj/l dr(heﬁrd;f)ﬂ gRsups)

S stl hydr ox I al k | finyl,

aIUI@yI su lgély BW%;@S/SL%%MW‘% h?( @E’%’P L/" r hejeros ‘:éfEFPBWaI |y mono- or
di - sulaBnMSUIfaty]\UphdShaﬂbrlﬁlhon@-rdﬂN nrd:JaeEsqmawim 91&9;19@1 orlik1@birdl fBupsir ea
option }l%\”s QStltut ed th al kyl, aryl, heteroart’/(')I or heterocycl yI groups,
ani no§ﬁﬁ3’ ad B‘B{‘Poﬂa’lsf‘%&ﬂ%ﬁ% hetsroagy syl fpnylamiag, atkylcatponylamingl kyl . aryl or
net er anidsbiyikilho, heir) BRI She ey | sul T onyl am no,

het er oar yl sul f onyl am no, "~ al kyl'car bonyl am no, aryl carbonyl am no,
het er oar y| CAMsBHYI- &HAna OT ingrombingtipn fgans” ﬁmmyll‘ffmhfall, oneyche hJ'dlommn nati on

o i 30 bR 1, i Ny DAOLSEARS RIS RS 220
pr ef erpaﬁblybl? 244, cadobamnstandat kadl ond, prefaably A3 mopé prfe&hiﬂla} y-21mdst nore
Casc. Groieey op. R 1 T SIS Bl e et Cyaoeliy| STSPCEPRRNED. car bon
doubl ef naneithas onOEarBeC caboh BoHIBAN iSAGEBLH 45 th Yokfer drbBaticityi@theCar bon to
carbo "tin do alrb%nqg gg%omgubtl)eebo?:ldg gl(g)r’ bn(:: glrt]l;[e? Ict?n?gngyi &rﬂﬂng aacycﬁgglllcﬁz;lort}/oln portion,
20 with the exception of cyclopropyl, or within a straight chain or branched portion. Examples
of alkeny! groups include ethenyl, propenyl, isopropenyl, buteny!, cyclohexenyl,
cyclohexenylalky! and the like. A substituted alkenyl is the straight chain alkenyl, branched
; alkenyl or cycloalkenyl group defined previousiy, independently substituted with 1 to 3
groups or substituents of halo, hydroxy, alkoxy, alkylthio, alkylsuifinyl, alkylsulfonyl,
25 acyloxy, aryloxy, heteroaryloxy, amino optionally mono- or di-substituted with alkyl, ary} or
heteroaryl groups, amidino, urea optionally substituted with alkyl, aryl, heteroaryl or
heterocyclyl groups, aminosulfony! optionally N-mono- or N,N-di-substituted with alkyl, aryl
or heteroary! groups, alkylsulfonylamino, arylsulfonylamino, heteroarylsulfonylamino,
alkylcarbonylamino, arylcarbonytamino, heteroaryicarbonylamino, carboxy, alkoxycarbonyl,
30 aryloxycarbonyl, heteroaryloxycarbonyl, or the like attached at any avaijlable point to produce
a stable compound.
“Alkyny!™ - alone or in combination means a straight or branched hydrocarbon
containing 2-20, preferably 2-17, more preferably 2-10, even more preferably 2-8, most
preferably 2-4, carbon atoms containing at least one, preferably one, carbon to carbon triple




20 with the exception of cyclopropyl, or within a straight chai1n 2003
branched portion. Exanples of al kenyl groups include ethenyl, BS@E&/I 3

i sopr ope nyl, cycl ohexenyl, cycl ohexenyl al kyl an ke, A
W o%wfrse graH}gﬂgh k6

substituted enyl is the straight ahain al kenyl, branch enyl or
cycl oal kenyl group defined previously, independently substituted with 1 to

3 gr o¥pAd.oF &4 oft PgRlipd@ X e}
al kyl sul fi nyTéﬂgl kyldé!ﬁy?l?oﬁxgl p 2'59)&385?‘1%?(& MQPa%’WgHﬁ%g%?o‘Q% am no

opt i orsiPstjutsd alkynylrrefers i whe straight shiainiatitynpl doypranchedydlkemy] ddfimied preaiopblygr oups,

am di L O . ta ed with alkyl., aryl heteroaryl or

het er 2@?/%&%6‘?%%%%%%%%2 Bﬁfj 0%{%”&55?%?}}&]%&;%@?}87%@%% ke - gubst I tuted
wi t h allkylihjo, atkylsulfiary] hitydsudfanyl, agyionsp aryledyk iéterahryRixy) #Aih6 Optionally

aryl sul f onyl am no,. het er.o | sul fonyl ami no, al kyl carbonyl am no;

ar yI cdPBUHRYr EH?H'PB‘,““FF&‘E%Q% 21 BbRITaAY heyoupss pmisligo, uegalopsgradybony| , 30

ar yl oxyiggiied With 2 Ahéterdand r bi ny

avai |l abl e poi nt tﬁ%ﬂﬁggk a 'st% ggﬁgﬁé%ﬁgogﬁ%@s' ﬂhﬁ?}%fﬂ%% ﬁg?ag&eﬁor in
conbi rfBeR T Melindli-substitited with abkyl, land ot hetdroandl groops, atkylsulfomtlahinbng 2- 20,

prefer 17 . 2-1 even re preferably .2-8, nost
pr ef er%%lf@yﬁn R Gr cw&%@gﬁlgﬁ]‘n%& 6°W§§3F°’3ﬁ&,” *%PE{(EH y one,
car borhetepoargichrbanyiamjriogorlthe likEahiA6Bady Q048R 1ift ¢ prodedd alstdsd 8 bond.

Exi'aorrpl es_ of cgl kynyl groups include ethynyl, propynyl, butynyl and the I|ike.
A Csub®MRPUPEd al kynyl refers to the straight chain alkynyl or branched

al kenyl defigled AkeWIOwTtY, 1o 4 RRAPEIKIERLYRBURSE | L& R ﬁ;ﬁ%ﬁwﬁwroups

or substituents of halo, hydroxy, "al koxy, al kyl'thio, a I'ny l
al ky| SYPFBRied lowenallsgly R’ V| By may dndsperdeptip g hydmogen halogeroiewenyaliylnono- or

ot 1 orar el ipthe P 950 o S Wty s Relap s 656
gr oupsbetewr nosul fonyl optionally N- nono- or N, N-di-substituted with alkyl,
peler oar 1 s (R RahFUfyingEiet @3 EvBbASE R neiarl it Kt VAT Aepsoaied
ret 7 e SRRV, g, i Ml a0 AL LBLIGLP LT 10
R"", ]e°ﬁqb§“mmlk‘§ﬂ?ﬁféﬂdb¢éb‘bst ituted lower alkyl, R, R', R"
may i ndependgibly dafotby ik SRR -OR2WRSRR is 1OWE al@l,l%}ﬂ{mitutcd lower alkyl, acyl,
aryl, substituted aryl, aralkyl, substituted aralkyl, heteroalkyl, heteroaryialkyl, cycloalkyl,
20 substituted cycloalkyl, cycloheteroalkyl, or substituted cycloheteroalkyl as defined.
“Alkylthio” denotes the group -SR, -S(0),.,;-R, where R is lower alkyl, substiruted
lower alkyl, aryi, substituted aryi, aralkyl or substituted aralkyl as defined herein.
“Acyl” denotes groups -C(O)R, where R is hydrogen, lower alkyl substituted lower }
alkyl, aryl, substituted ary! and the like as defined herein.
25 “Aryloxy™ denotes groups -OAr, where Ar is an aryl, substituted aryl, heteroaryi, or
substituted heteroaryl group as defined herein.
“Amino” denotes the group NRR’, where R and R’ may independently by hydrogen,
lower alkyl, substituted lower aikyl, aryl, substituted aryl, hetaryl, or substituted hetaryl as
defined herein or acyl.
30 “Amido™ denotes the group -C(O)NRR’, where R and R’ may independently by
hydrogen, lower alkyl, substituted lower alkyl, aryl, substituted aryl, hetaryl, substituted
hetaryl as defined herein.

“Carboxyl” denotes the group -C(O)YOR, where R is hydrogen, lower alkyl, substimted
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substituted | ower alkyl, acyl, aryl, substituted aryl, hetaryl prDEC 2003
" substituted hetaryl as defined below 15 "Alkyl al kynyl refers
groups -¥@®B hhere Ris lower alky] or substituted I om%‘?T’HFWI7,95R' is |
hydrogen, |ower alkyl, substituted |ower alkyl, acyl aryI substituted

aryl, I f " koxy" denotes
t he grlg‘ggrtﬁ% H(’/’\/ﬁ(%lrlbzsﬂpﬁ WOwer alaad¥ bsgﬁ"bgﬁll % ef’:ls 65\5\'/5‘} hetFiBy |, acyl

aryl, s ubs‘tAnyUt -elorserotlin cambinkyon msm$heﬂWbel€hpaﬂ@zl kptionailﬁzﬂidb@zblkcw

heter cycl oal kyl , clobeteroalkyl

kyl | oal kyl bsti_t ut
or su ‘%tvﬁ )éy(&l%]?égltfg‘g’é?%‘?m&f\z 9d§gfa§fq ‘H';‘Eff’e’% 6aiRG MEMSTS 8196t es t he gr oup
- SR, o;ﬁ(o@)a\ls&sﬁ%utéﬁhﬁ'ﬁ?l :R) B Srdu¥'6F suBbtlt¥dnis (ﬁ‘#ﬂﬁ)t h}d%B)@yd aldoR¥Biikydhity! . aryl,

substitute , aral or substituted aral kyl defined herer n. AcyI
dehot ¥kylgylBnps a“qzﬁ(sai)fwylmloe&ymlgxmaicw@doxsd, T cmltlhyallym ptdited | ower

o sgsilca PRI P, RO i, B SEABT Ul )

groups - ere ary het'eroaryl, or
subst alkylt antl, heteevangroy hegranyply bgrodes, amadsiifongi optiondiy Naororde o @&di-he gr oup

NRR ere R .an | ndependent | r. al kyl

Subst PR LA eyt or BelGroErs s e S Ao apAp o gt ¢ ut ed
het ar jéterasryisdgbhIQHindCaIRY Ra®bnydfniino, ﬁglcarﬁﬁﬂuﬂﬂmngeﬁ'@ér@kmo SR (O NRR',
where R and R nay independently by ydrogen, | ower kyl, "substituted

| er oEPRYKe. aryl | subst ituted aryl, hetaryl, substituted hetaryl as

defined hesgj ! -5234,@,1 .S rogen,

| oner al kyl, bgtlljtgts kers %%%@9@&%%&9&3@& 003%&? %@‘6@*’ a‘i{%ég | ower

al kyil groaps| egsdblsk!enuﬂmraal}cyl, Ihwenalkoxy,andkdtiist atetitied, mn'm,yhm'mls, defi ned

her ei SRy - al corrb tio ht

opti o%é??xﬁcléjrdﬁog&lc ta'?"gc?‘gd er)ﬁ'c getéﬁygafn%/’lm%gfp%ﬁi é’l‘otéooﬂ/g‘g ’rmr e

Pr ef esdfamiddand theilikg nenbers and/or optionally subst ituted wt h | to 3
ups or ﬁ#bstlt ent of hal o, alydrox al koxy

It io, 5
- al'Ryl sul fi riyfterosysly| i kg paruraie EﬁdyP'o%l'?ma‘I'Fe‘f éﬁnjﬂ BLYP, hayifgn o
Opt | oBadihgte "BAP-(eQl, Hiorpholino, pyridyl or furyl) or multiple condensed rings (e.g.,

naphthpyridyl, quinoxalyl, quinolinyl, indolizinyl or benzo[bjthienyl) and having at least one

hetero atom, such as N, O or S, within the ring, which can optionally be unsubstituted or

substituted with, e.g., halogen, lower alkyl, lower alkoxy, alkylthio, acetylene, amino, amido,
20  carboxyl, hydroxyl, aryl, aryloxy, heterocycle, hetaryl, substituted hetaryl, nitro, cyano, thiol,
sulfamido and the like,

“Heteroaryi” - alone or in combination means a monocyclic aromatic ring structure
contaiming 5 or 6 ring atoms, or a bicyclic aromatic group having 8 to 10 atoms, containing
one or more, preferably 1-4, more preferably 1-3, even more preferably 1-2, heteroatoms
25  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, alkylsuifonyl,
acyloxy, aryloxy, heteroaryloxy, amino optionally mono- or di-substituted with alkyl, aryl or
heteroaryl groups, amidino, urea optionally substituted with alkyl, aryl, heteroaryl or
heterocyclyl groups, aminosulfonyl optionaily N-mono- or N,N-di-substituted with alkyl, aryl
30 or heteroaryl groups, alkylsulfonylamino, arylsulfonylamino, heteroarylsulfonylamine,
alkylcarbonylamino, arylcarbonylamino, heteroarylcarbonylamino, or the like. Heteroaryl is
also intended to include oxidized S or N, such as suifinyl, sulfony! and N-oxide of a tertiary
ring nitrogen. A carbon or nitrogen atom is the point of attachment of the heteroaryl ring
structure such that a stable aromatic ring is retained. Examples of heteroaryl groups arc



substituted with alkyl, aryl or heteroaryl groups, amdino, ufepn[ge 0%l !y
substituted with alkyl, aryl, heteroaryl or heterocyclyl groups,

am nosul f jonally N-nmono- or N, N-di- substituted wt I ryl or
het er oar ylgvryglr)%&ggd al kyl sul fonyl am ngg aryl sul fonyl am no, Mé%nvota%

het er oaryl sul f onyl am no, al kyl car bonyl am no, aryl carbonyl am no,

A e oS o R S 41 12,2

opt i onal substituted W . . gro e. d.”,’ hal ogen,
| over aiplyl, exazalyl. shiroolyl, thadniy; lisoraze)yl aoethiddiareyl Asdthiazolplytetiazolyg ar boxyl ,

e e T I AT

sat ur ateedtainsrssubstitate ditached armmilﬂaleairwo&ditirsﬁcﬂwy&db@vd fifble@ single ring
(e.%., rmrpghoéi no, pyridyl or furyl)~ or nmultiple condensed rings (e.g.,
nap thpcym iﬂ" qui noxal yl', qui nolinyl, indolizinyl or benzo[b]thienyl) and
having at | egfdter6f\R 1yl ChBAO0Bh BMbiHdGSh ASardya icdyE 13l I ng, which
can optionally be unysubst_i tuted or su st??jtnggg\%\?ﬁtfcm&%%{}ytéﬁ%en, | ower
al kyl , hayinerfrem Rax YO atomes in thich frome dtty B emrben atoimsan themingare 2placat hoxy|

Cyang, Titsrfubins 0B DY SBEK, aAPAELRISHAN] bertB BieY cp ApST Berero LB ey "
conbi nanérmbersaadisr are opiarajle lsulsstianad@tin thelca®b Ty EWEAT HerdroYcqi i8ialke 5 or 6
rinﬂ) at 8. to 10 atons, containing

. .a_bi cycl.i ti havi
oneSor gRded g adeiizaqS oty wich sl spiteny) and dhonidesks \rierenEsl y 1. 2,
het er oatiReFen? THePdeH @0 SR hinkniS € hECdafsbnloh Hmo%bﬁaﬂﬁﬁtﬁ%a&giénfgggrﬁgm?ﬁd

optionally substituted with I to 3 groups Or substituents

hydr ox yBrouRsi@s% {etrahydegfuranyh dihydioplysdingi, piperidinylk pyrsalidimyhypiperazimyt] oxy,

ar yl oxydinftb6n28hu10; r@-{}?‘d | I - | -Substituted with
al kyl , z;r)b)}[ﬁ ornQ‘ hetl’e%(lg%’i? y 8'3’83%&5f"%g%wl"d%“nsg?aﬁ‘#‘e@ﬁ%g‘lt"?@ﬁé?f‘y Cdbst it ut ed
wi th al mpstituentypitrogen anachad gt an@vaildbl @rtwayor hittogen @Ugrsduca istibidohpoyhd.

optionally Nk - Qr. N-di,-substituted with al kyl, aryl 30 or, heteyoaryl
or oo L kyiSuBReS inclerlicll™ S 4 PsFeR Aforhly ey eoly P ReH o,
al ky| cawitioropkasminoee, figicyibieardaeupy) a@nimmgeﬂ,ewea&n%yn,campmoa 1 QRyluah, t he

| i ke. Heteroaryl .is also intended to include oxidized S or N, such as

sul f i ny SR RN AT osarbrRxybt hydrpxly japddy  aylagy.nhetrogusie, aubstirgesh or
ni 1 ogeiabeyBld, helahit, sIBkitiic@herdtl, ARTBAo O fhib NI ARKES SANNL ikd N9 Structur e
such that a stable aromatic ring is retai ned. Exanples or heteroaryl groups
arc 1 7 DEC “Ywaikyl” refers to the group -R-Ar where Ar is an aryl group and R is lower alky] or
20 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, aryioxy, heterocycle, substituted heterocycle, hetaryl, substituted hetaryl, nitro,
cyano, thiol, sulfamido and the like. )
“Heteroalkyl” refers to the group -R-Het where Het is a heterocycle group and R is a
25 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,
aryloxy, heterocycle, substituted heterocycle, hetaryl, substituted hetary!, nitro, cyano, thiol,
sulfamido and the like.
“Heteroarylalkyl™ refers to the group -R-HetAr where HetAr is an heteroaryl group
30 and R lower alkyl or substituted lower alkyl. Heteroarylalkyl groups can optionally be
unsubstituted or substituted with, e.g., halogen, lower alkyl, substituted lower aikyl, alkoxy,
alkylthio, acetylene, aryl, aryloxy, heterocycie, substituted heterocycle, hetaryl, substituted
hetaryl, nitro, cyano, thiol, sulfamido and the like.

“Cycloalky!l” refers to a divalent cyclic or polycyclic alkyl group containing 3 to 15
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" qui nazolinyl, purinyl, indolyl, quinolinyl, pyrimdinyl, pyrrolyl,

oxazol yl \WORMZ3# yl | thienyl, isoxaz | yl, oxathi adi azol yI PGTG500]12096 | yl,
tetrazolyl, imdazolyl, triazinyl, furanyl, benzofuryl, i ndol yl and the

li ke. % Ubaa&'tm ed het eroaryl contains a substituent attached at an

avai |l ab e YBh or nitrogen to produce a stabl e 5 corrpound "Het erocyclyl™

- al one or 1'Shb@mﬂhuna}d1&'1k)ﬂ"34@§rsatd“%n HIOAIK gm%kﬁgms i I{gn%ﬁ?”&r n'g)?%l ng

from5to 10 atons in which from1 to erin
r epl acStPstipents ovith. cag.orhlogen,olowsr aikyl, subrstitugede lopdri dkmll Iaykdxgnaucyithﬁ:ed or

fused hetraRaw nd/or are .0 n stituted as
in the case ofay)i:ygﬁty éﬁyk hléfe%%lgf g}(%g{':y %I getgrlog%dﬁoh @ﬁ&hﬂy?‘ﬁgqﬁfﬁrﬂde

oxi i z@'@'OSF}@nO Nkno!suulﬁmmslosndﬂmﬂljcb sul fonyl and N-oxide of a tertiary ring
ni t rogen. i attachrrent iis. at a car bon or nitrogen atom Exanples
of heterocyc )Sfl%ql GF‘B@S@ LGiers 118 SYRIRAUSH LFTaPR) (Whetsim pae S5ymPwi oy the ring

pi per i ¢lirboH atomy [s'replactdWith a m&s&t@,ﬁl(p%;l N, odishy @ obenzof uryl, di hydroi ndol yI ,
and the like, A substituted heterc cont ai ns a substituent nitrogen

attached at “Substifyted | cyplobetergaiisyly refersmq mgelnh@tgrophkwgmepaassnmn geGoepound.
15 "Su t &8nfin t e 0 nal | no or poly
Subst £ ek o Onfin ShE o e bt | S, AChEBREY S¥e Shaf Buel PR3
ﬁl 5‘3/' , alkpide, m‘kbﬂ%mmmﬁﬂ mafomldelt»drﬂga arﬁmn?mxyﬁmdacycm:@m%hed |

r ox cle, substitu eterocycle, hetaryl,
sﬁbstlg{éu%rg ‘#é'gl gtraVY ﬁ%{u}u ei lﬁx“rtohf%ﬂm’ lﬂl’fsélf'ff'ﬂgoéﬁel‘rteﬁﬁ‘%l i ke. "Ar al>/kyl

refers to t‘rmkgr@mmaf@menmﬂ& g%up SR-%?CI@&]H)I'] WK eRd! By AdHlkyR lkﬁcgg\éﬂkylal kyl or
20 substltut(gﬂlea r al k group roups can opti onal

unsubs¥FPHR R ‘trb%fﬁ“iyuf”éaibsw{eﬁ 'O%erngythys@eHsyl ETSURY caa qp;apnalhrl beoxy,
| kyl t L
al kyl t fiis@bsiideted ¥ KIBStuRFWiR ¢. f"ﬂaQETn 1, low %ﬁs X572 {ﬂ%@{lﬁeﬁc ls» e?ﬂ Onl iro.

het er ocycl e, substituted heterocyC het aryl,
cydho, apiRPotmide, garboxyl bydmwyls anl, mrykexy, hmloeymlsm;dmutccblﬁmrsc)tcm hhar,g,r oup

R ol bt 1Sifto L BENCFudiRUBARIR 15 2 25 | over alkyl gr oup.

Het er oal kyl groups can onal e unsu Suted or substituted with
e.g., hal oge‘h‘kyl lenhewdnﬂdyl“ dlemes tled gromy Raiykmhét&omkyawamlmrsaa IMrHO

Pt ar y P E RSB rnPL e o) EfpnereosThy) ahtims cai Gpoonaliibe e B S |1 k.
substituted with e.g. halogen, lower alkyl, lower alkoxy, alkylthio, amino, amido, carboxyl,
20  acetylene, hydroxyl, aryl, aryloxy, heterocycle, substituted heterocycle, hetaryl, substituted
hetaryl, nitro, cyano, thiol, sulfamido and the like.
The compounds of this invention can be prepared as outlined in schemes 1-5.
Compounds having the general formula II:

25



"Heteroaryl al kyl" refers to the group -R Het Ar where Het Ar is 4n HE(=208% v!
group 30 and R | ower al kyl or substituted |ower alkyl. Heteroaryl al kyl
groups cswvpepishmnal |y be unsubstituted or substituted w tggTrgsanzodRal ogen,
| ower al kyl, substituted |ower alkyll? al koxy, alkylthio, acetylene, aryl,
aryl oxy, heterocycle, substituted heterocycle, hetaryl, substituted
hetaryl, nitro, cyano, thiol, sulfamdo and the |ike. "Cycloal kyl" refers
to a dival esthemyaci i ¢ or pol ycyclic al kyl group containing 3 to 15 WO

00/ 78778 1 1 17 DEC 2003 PCTfUSOQ 17095 carbon atonms. "Substituted

cycloal kyl" refers to a cycl oal kyl group conprising one or nore
substituents wth,, NHE: 9- halog ;/ Rower al kyl , substiNHat ed | ower al kyl,

al koxy, al kyl thi o, acetyl ar ,|aryloxy, het er cI substituted

het erocycl e, he ubstltu ~het aryl , ﬁu n thi ol ,

sul fam do and t e I|ke "CycNUhetéhoalkyh" oaIkyI gr oup
wher ei n O%ﬁ N t he rmg—car#n a -' repPhced with a heteroatom
(e.qg. S or P "Substltuted cycIoheteroaRkyI" s toa
cycloheteroalk as her eiPd(0iighi ned whi ch cont e or nore
substltueﬁBEMSéuch al ogen, |ower alkyl, | owgpmabkoxy Sh&y! thio,
acetyl ene, anino, anmZolTEaMsoxyl , hydroxyl aryl, arylox&ra erocycle

\;ﬁﬁ

substi t ut ed heterocyéﬂ@owﬁetaryl substituted hetaryl, nitro, cyano,
thiol, sulfam do and the |ike. "AIkyI cycl oal kyl " denotes t he group
-R—cycloalkyl where cycl oal kyl is a cycloalkyl. group and Ris a |ower

al kyl or substituted |ower alkyl.
unsubstituted or substituted with &,
al kyl thi o, acetylene, 15 anjprs i ar boxyl, hydroxyl, aryl, aryloxy,
het er ocycl eDesiyidysbi t ut ed 0 aryl, substituted hetaryl, nitro,

cyano, thloL__suhLanldb" e I TKe. ™Al kyl cycl oheteroal kyl" denotes the
group -R-cycl ohet eroal kyl e R ngzi%?mer al kyl or substituted | ower
i

| oal kyl groups can optionally be
) %gﬂogen, | ower al kyl, | ower al koxy,,
h

ai kyl . Cycl ohet eroal kyl groups cdh nal Iy be unsubstituted or
"substituted with e.g. hal ogen, |owe 35 | ower al koxy, al kylthio, am no,
am do, carboxyl, 20 acetyl ene, pydroxyf 5$y aryl oxy, heterocycle,

subst .ch S%H’% Ei;yo ﬁ%cllaﬁl’ad%[ Feliated couptlmg ofe compound 1 with halo-pyrazoles

represented by the formuia VIII (scheme 4) in the presence or absence of copper salts (K.
Kato et. al. J. Org. Chem. 1997, 62, 6833-6841; Palladium Reagents and Catalysts-
Innovations in Organic Synthesis, Tsuji, John Wiley and Sons, 1995) followed by de-
5  protection with either TBAF or NH,F (Markiewicz et. al Tetrahedron Lett.(1988), 29, 1561).
The preparation of compound 1 has been previously described (K. Kato et. al. J. Org. Chem.
1997, 62, 6833-6841) and is outlined in scheme 5. !




hetaryl, nitro, cyano, thiol, sulfanido and the like. The compduh@3pR0p3i s
"invention can be prepared as outlined in schenes 1-5. Conpounds having the
general MRMI8A311: 25 1 7 DEC 2003, 00178778 Schene 1%“&5&91‘?7@%’00117095
Desilylation R4 TBDVSO OTBDMS OIBDM5S 1 OH 11 OH were prepared by the

pal | a%#ﬁoﬁ%@w%&?@c Jéﬁnxga ggl chggggéeégge& agﬂér}o@nhﬁ's%%% izeé.fsoma?ﬁf esent ed

by the presence or "absence  of" copper salts
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acid, can be oxidized to the carboxylic acid IV, based on structurally similar compounds,
5  using potassium permanganate or pyridinium chlorochromate etc. ( Jones et.al., J. Am.Chem.
Soc.(1949), 71, 3994.; Hudlicky, Oxidations in organic chemistry, American Chemical
Society , Washington D. C., 1990) to compound IV. Reaction of primary or secondary amine
of the formula NHR’R®, and compound IV using DCC (Fujinc et.al., Chem. Pharm. Bull.
(1974), 22, 1857), PyBOP (J. Martinez et. al., J. Med. Chem. (1988), 28, 1967) or PyBrop (J.
10  Caste et.al. Tetrahedron, (1991), 32, 1967) coupling conditions can afford compound V.
Deprotection of compound V can be performed by heating with 80% aq. acetic acid (T. W.
Green and P. G. M. Wuts, (1991), Protective Groups in Organic Synthesis, A, Wiley-
Interscience publication) or with anhydrous HC1 (4N) to obtain compound of the general
formula V1.




whi ch can be obtained by reacting 11 with 2, 2-di net hoxypropane1 izn gte@ ce
of an NH2 R Acid R1L » CH2OH Oxidation ~; 3 Nl 10 ~ NR- VI ~ ;cp :
oxi di zed 8 ohPgysgar boxylic acid 1V, based on structurally gsifR;§df17095
corrpounds g usi ng potassi um per manggate or pyri d| ni um chl orochromate etc.
( Jones et.al., J. Am Chem Soc.(1949), 71, 3994.; Hudlicky, Oxidations in
organi ¢ chem stry Anerican Chem cal Soci ety V\ashi ngton D. C., 1990) to
compound | V. Reaction of primary or secondary am ne of the formula NHRSRE,
and conpot®™t¥ using DCC (Fujino et.al., Chem Pharm Bull. (1974), 22,
1857), PyBOP (J. Martinez et. al., J. Med. Chem (1988), 28, 1967) or
PyBrop (J. 10ffCaste et.al. Tetralgedron, (1991), 32, 1967) coupling
condi tions '{ord conmpoundgu rotection of d V can be
perforrregﬁ\hé ti>|g with 80% aq. Bceli ¢%8kid (T, eén and P. G M

1), ~Pr of ectAede G'tlips N

Wit s ganf Qv nt Hdsi sN A, W | ey-
I nt er sci ence cat |p9n$' or with ydroygefiC (4 bt ai n conpound of
t he gener ado La VI. HO Aeod EIRS Coup"FQ ng N Y 'OH 1 7 DEC
2003 WO 00/ 728778;, om: % éAc %, O
jIB )\I"b JL)I">
CHzl: '“0“ Ho 'm'd'm.'raomso ,’ ,
AcO ,’ % % OTBDMS '
. "’mg 6 o 7 OTBOMS
Ha \ i
R? RY NN B
R > _ \
RZ—N»E}_B(OH}Z 2— )}(.' | P h\s : - )q;(:.'—-—ll\N/ N
N3 . R N\}’\,J N NH F N\E\""‘t
R - -~ ——— R
Pd coupli -, v’ e
cupne TBOMSC % OTBDMS Ho W
OTBDOMS

ve

Altemnatively, compounds with the general formuia II can also be prepared by Suzuki type coupling
as shown in scheme 3. 2-lodoadenosine 6 can be prepared in four steps from guanosine 2 following
5 literature procedures (M. J. Robins et.al. Can. J. Chem. (1981), 59, 2601-2607; J. F. Cerster et.al. )
Org. Synthesis, —242-243; V. Nair at. al., J. Org, Chem., (1988), 53, 3051-3057). Palladium
mediated Suzuki coupling of 6 with appropriately substituted pyrazole-boronic acids XV1I in
presence of a base can provide final compounds with general formuta II (A.Suzuki, Acc.Chem.Res)
(1982), 15, 178). If necessary, 2", 3', 5' hydroxyls on 6 can be protected as TBDMS ethers prior to
10 Suzuki coupling.
Compounds with the general formula VIII can be cither commercially available or

prepared following the steps shown in scheme 4. Condensation of 1,3-diketo compounds of

the formula IX with hydrazine in an approprate soivent can give pyrazoles with the general
formula X (R.H.Wiley et. al.Org.Synthsis, Coll.Vol IV (1963), 351. These pyrazoles can be
15 N-alkylated with various alkyl halides to give compounds of the formula XI which on
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5-iodopyrazoles with the general formula XV can be prepared following the steps

5  outlined in the scheme 5.
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Condensation of 1,3-diketo compounds of the formula XTI with hydrazine in an appropnate

solvent can give pyrazoles with the general formula XIII. These pyrazoles can be N-alkyléted
with various alkyl halides to give compounds of the formula XIV. Abstraction of 5-H with a
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2-Stannyladenosine 1 was prepared in three steps from the commercially available 6-
chloropurine riboside following literature procedure (K. Kato et.al., J. Org. Chem. (1997), 62,

10 6833-6841). Trn TBDMS derivative was obtained by treating 8 with TBDMSC! and imidazole
in DMF. Lithiation with LTMP followed by quenching with tri n-butyltin chloride gave
exclusively 2-stannyl denivative 10. Ammonolysis in 2-propanol gave 2-stannyladenosine 1.
Stille coupling of 1 with 1-benzyi-4-iodopyrazole in presence of Pd(PPh3)4 and Cul resuited )
in 11 (K. Kato et.al, J. Org. Chem. (1997), 62, 6833-6841). Deprotection of silyl groups on

15 2°,3’ and 5" hydroxyls with 0.5 M ammonium fluoride in methanol gave 12 in good yield
(Scheme 7). Compounds 18-23 were prepared in similar manner. The methods used to prepare
the compounds of this invention are not limited to those described above. Additional methods
can be found in the following sources and are included by reference (J. March, Advanced
Organic Chemistry; Reaction Mechanisms and Studies (1992), A Wiley Interscience

20  Publications; and J. Tsuji, Palladium reagents and catalysts-Innovations in organic synthesis,
John Wiley and Sons, 1995).
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Compounds of this invention are useful in conjunction with radioactive imaging

;) agents to image coronary activity. The compounds of this invention are A,, agonists that are

5  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 A,, 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
vasodilate to induce coronary steal wherein healthy coronary vessels steal blood from

10 unhealthy vessels resulting in lack of blood flow to heart tissues. Coronary imaging then
identified coronary regions with healthy and unheaithy blood flow. Lower doses of the A,,

agonists may provide beneficial coronary vasodilatation (less severe) in the treatment of
chronic CAD.
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(PWy i NRE 9, C agonists, the compounds of this invention are also useful as cardioprotective agents
through their anti-inflammatory action on neutrophils. Thus, in situations when the heart will
go through an ischemic state such as a transplant, they will be useful. ‘

This invention also includes pro-drugs of the above-identified A,, agonists. A pro-
drug is a drug which has been chemically modified and may be biological inactive at its site

15 of action, but which will be degraded or modified by one or more enzymatic or in vivo
processes to the bioactive form. The pro-drugs of this invention should have a different
pharmacokinetic profile to the parent enabling improved absorption across the mucosal
epithelium, better salt formulation and/or solubility and improved systemic stability. The
above-identified compounds may be preferably modified at one or more of the hydroxyl

20 groups. The modifications may be (1) ester or carbamate derivatives which may be cleaved
by esterases or lipases, for example; (2) peptides which may be recognized by specific or non-
specific proteinase; or (3) derivatives that accumuilate at a site of action through membrane
selection or a pro-drug form or modified pro-drug form, or any combination of (1) to (3) )
above.

25 The compositions may be administered orally, intravenously, through the epidermis or
by any other means known in the art for administering a therapeutic agents. The method of
treatment comprises the administration of an effective quantity of the chosen compound,
preferably dispersed in a pharmaceutical carrier. Dosage units of the active ingredient are
generally selected from the range of 0.01 to 100 mg/kg, but will be readily determined by one

30  skilled in the art depending upon the route of administration, age and condition of the patient.
This dose is typically administered in a solution about 5 minutes to about an hour or more
prior to coronary imaging. No unacceptable toxicological effects are expecied when
compounds of the invention are administered in therapeutic amounts.

If the fina]l compound of this invention contains a basic group, an acid addition salt
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addi t i 1B¥entign; Alternatively, the pharmaceutical compounds may be encapsulated, tableted or

prepared in an emulsion or syrup for oral administration. Pharmaceutically acceptable solid

or liquid carriers may be added to enhance or stabilize the composition, or to facilitate
preparation of the composition. Liquid carriers include syrup, peanut oil, olive oil, glycerin,
25 salinc, alcohols and water. Solid camiers include starch, lactose, calcium sulfate, dihydrate,
teffa alba, magnesium stearate or stearic acid, talc, pectin, acacia, agar or gelatin. The carrier
may also include a sustained release material such as glycerol monostearate or glycerol
distearate, alone or with a wax. The amount of solid carrier varies but, preferably, will be
between about 20 mg to about | gram per dosage unit. The pharmaceutical dosages are
30  made using conventional techniques such as milling, mixing, granulation, and compressing,
when necessary, for tablet forms; or milling, mixing and filling for hard gelatin capsule forms.
When a liquid carrier is used, the preparation will be in the form of a syrup, elixir,
emulsion or an aqueous or non-aqueous suspension. Such a liquid formulation may

be administered directly or filled into 2 soft gelatin capsule. It is preferred that the
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benzylpyrazole in almost quantitative yield. 'H NMR 5.29 (s, 2H), 7.18-7.28 (m,2H), 7.28-
7.40 (m, 4H), 7.53 (s, 1H). ‘

Example 2
20

9-{(2R,3R,4R,5R)-3,4-bis(1,1,2,2-tetramethyl-1silapropoxy)- 5-[(1,1,2,2-tetramethyl-1-
silapropoxy)methyljoxolan-2-yl}-2-[1-benzylpyrazol-4-yl]purine-6-ylamine (11)

25 A mixture of compound 1 (50mg, 0.056mmol), N-benzyl-4-iodopyrazole 13 (50mg, 0.183
rﬂmol), Pd(PPh3)4 (20mg(15 mol %) and Cul (40mg, 0.2 mmol) in DMF (1 mL) was stirred




~may al so include a sustained rel ease material such as glycerol 1nﬁrt@i¢r?ﬁ@te
or glycerol distearate, alone or with a wax. The anpunt of soli

vari es bwwoogprsefeerably, will be between about 20 ny to alpewhyseoegfoasn per
dosage unit. The pharmaceuti cal dosdlges are 30 made using conventi onal
techni ques such as_mlling, mxing, granulation, and conpressing, when
necess&r, C oy 19 hpTks reaciianswaneomertiatadgin vatwd auyl teckesidid wag phiofiechiy d

| at f il
et B R Wy o SRR LTt
suspenahmound SUc mHaQMchDd:B‘)OBrﬂ.ﬂwi i3em) 0@5 0.bgsagh] OHS%QJV@% Cﬁ'H QﬂII E}}éC 003

a_soft gel atin _capsul e- preferred that the

fille

W ooﬂ?é?ﬁr@Hz@ﬁsa:ﬁ/%sfeomfa@@”@dmsﬁ G, Q8 ESh?B IR0 ChED (o OHs o)

adsi np9t gs N, Qfou t e I u t i nuous

i nf usi one(‘or Z.ﬁwhcg Illzgg ﬁlbste(? \E/\Ilr?)cfl1 f%f?gw sel’ve {@ ﬁ{?l gg?'fnhl S

i nvenifbA: 351(m; 2E>}aﬁr#ﬁ @s. 4, eDZO encharizeable)o6.06 (dhd HyaY.28-7m@0t(rt, EH) seede, of this
|nveniH8% &b(gt r@z Eied to show how 5 to make and use the conpounds of
this Inventi ] ‘anpl es, all tenperatures are in degrees

Centi gr ade. EXANPLE I 10 4-iodo- 1-benzyl pyrazole (13) To a sol ution of

4-i odopyrazole (400ng, 2 mmol) in DVF(4nm.) at 0 C was added sodi unmhydride

(80mg, 60% di spersion in mneral oil, N8 mmDl) foll owed by benzyl brom de
(342 ng, 2 mmol ) andXeacgtion mctur syallowed to stir for 2 h. Reaction
m xture was 15 concentr at R vacuq| anfl ®Khe residue was purified by colum

chromat ography to give N benzyl
NVR5.29 (s, 2H), 7.18-7.28 (N
Exanmple 2 20 9-{(2R 3R, 4R SR) %ﬁﬂgb
5-x(1,1,2,2-tetranet hyl -

sil apropoxy) nmet hyl ] oxol an- 2-y1} 12‘] 1- beanT&i;MSazol 4-yl ] purine-6-yl am ne
(11) 25 A mixture of conpound 1 (50ng, 0.056mmol), N benzyl-4-iodopyrazole

' 1%0( 59%!1,9&%%&512}-3,4-&5(1,1,2,2-tetramethyl—lsilapr_opoxy)— 5-1(1,1,2,2-tetramethyl-1-
silapropoxy)methyljoxolan-2-yi}-2-[1-pentyipyrazol-4-yl]purine-6-ylamine (14)

n al nost quantitative yield. "H
7.40 (m 4H), 7.53 (s, 1H).
2 2-tetranet hyl - 1si | apropory) -

Compound 14 was prepared in the manner of compound 11 substituting 4-iodo-
pentylpyrazole for 4-iodo-benzylpyrazole to afford compound 14: 1H NMR(CDCI3) 0.00(s,
3H, CH3), 0.01(s, 3H, CH3), 0.04(s, 3H, CH3), 0.07 (s, 3H, CH3), 0.11 (s, 3H, CH3),, 0.14
15 (s, 3H, CH3), 0.78 (s, 9H, t-bu), 0.80 (t, 3H), 0.83 (s, 9H, t-bu), 0.91 (s, 9H, t-bu), 1.25-1.40
(m, 4H), 1.85-1.95 (m, 2H), 3.82 (d, 1H), 4.08 (d, 1H), 4.20-4.28 (m, 3H), 4.32-4.34 (m, 1H),
4.55-4.57 (m, 1H), 5.35 (m, 2H), 5.70 (bs, 2H, D20 exchangeabie), 6,08 (d, 1H), 7.28-7.40

I (m, 5H), 8.05 (s, 1H), 8.15 (s, 1H), 8.20 (s, 1H).

yfib

TBDMSO

‘bmmns
15 MS

20  9-{(ZR,3R,4R,5R)-3,4-bis(1,1,2,2-tetramethyl-1silapropoxy)- 5-{(1,1,2,2-tetramethyl-1-
silapropoxy)methyl]oxolan-z-yl}-2-[1-methylpyraon—yl]pnrine—6—ylamine (15)




mol ), Pd(PPh3)4 (20ng(15 mol % and Cul (40ng, 0.2 nmmol) in DNF (DEGrZB)Peas
stirred 1 7 DEC 2003 WO 00/ 78778 21 PCTNS00/ 17095 at 90 C for 16 h. The :
reacti onwgasrgaecentrated in vacuo and the residue was puectiuson/irgss
preparative thin layer chronatograpgBy (nethylene chloride: nethanol 10:1)
to afford conpound 11: 1H NVR(CDCl 3) b 0.00(s, 3H, CH3), 0.01(s, 3H CH3),
0. 04( SomPbundCHS) was0pfpared, i3Hhe Ghiner Oofl kofrpousd, 1 ICHRbstitvtihgl 4- .(odo- 3H,

CH3), Q. 78 (s H, b t - bu 3 80
V) imgftytgirtte e 4riopo bhizylp el afford jommpung T A rRiGBER ity

g 35 3amc 005(53)51{( 0$13),4b4 (9281 exsizanmenpd e, Fc|§i>13(§v50(1ol(.«, 3H) CH3), 2)8r47 40 (rn

9 ((iﬂﬁﬁa o Ry 8 %s, 4’%!43(1)101832892‘{&@%&&1@4 g udpt-SishHA).-3.90 (s, 3H,
1( r I

71 oy CERL BT AT CMIATE Gn 1. 430432 (. Y 4 35460y 11 S0 BsIB

(14) DXpexphangtalii4), weld-00 0 idd), 7&9(shéHDr;E&1®ﬁe(rs o), 8didpeudt) | 1 substituting

4-iodo- pentyl pyrazole for 4-iodo-benzyl pyrazole to afford conpound 14: 1H

NVR(CDCl 3) 0.00(s, 3H, CH3), 1(s, 3H, CH3), 0.04(s, 3H, CH3), 0.07 (s,

3H, CH3), 0.11 (s, 3H, CH3),, 4is (s, 3H CH3), 0.78 (s, 9H, t-bu),

0.80 (t, 3H), 0.83 (s 91 (s, 9H, t-bu), 1.25-1.40 (m 4H),

1.85-1.95 (m 2H), 3.82 8 (d, IH, 4.20.4.28 (m 3H), 4.32-4.34

(m | H, 4.55-4.57 (ny ) m 2H), 5.70 (bs, 2H D20

exchangeabl e), 6.08 (d,,l% o b 40 (m 5H), 8.05 (s, 1H), 8.15 (s,

1H), 8.20 (s, 1H). 20 SO

9-[ (2R, 3R, 4R, 5R) - 3, 4- bi s(l 1,18, 2- t@mﬁyl 1si | apr opoxy) -

5-1(1,1, 2, 2-tetranet hyl -

?EE?%@%@%MW%@%@%&%&M Ot hoR s Rastiast PR e R Y 0 23 n
t he rﬁihpﬁdpoﬁ?)nﬁ‘ﬂhmﬂiﬁhnlﬂryﬂbmﬂt-(lt-mblmgetlﬂylmd'ﬁzolmylmdrmer-@cxhhﬂné ae)

1 Comonnt. 1 ey o <5y B sgooy ) ooty MdelEs (2 5,
gﬂ?:) . m g-l@lhg()gyragbl@ foﬁﬁﬁdo-&nlyﬂpﬁr&oi@lrb arfoﬂuaoni&.ﬁa 16S 1H9HMR clmajls) 0.91 (s,

9 4.08-4.12
| H), Q%@,ﬁfbﬂi% 0014, 3H1. @)40@5 (érﬁHI qy3), gogds,(f;g, cm)Hon (s, 3H, (m

CH3),, 0.14 (s, 3 H, CH3), 0.78 (s, 9H, t-bu), 0.83 (s, 9H, t-bu), 0.91 (s, 9H, t-bu), 1.55(d, 6H,
C(CH3)2), 3.8 (d, 1H), 4.05 (d, 1H), 4.08-4.15(m, 1H), 4.30-4.32 (m, 1H), 4.44-4.56 (m, 2H),
15 5.55(bs, 1H, D20 exchangeable), 6.05 (s, 1H), 8.05 (s, 1H), 8.10 (s, 1H), 8.2 (s, 1H)

9-{(2R,3R,4R,5R)-3,4-bis(1,1,2,2-tetramethyl-1silapropoxy)- 5-[(1,1,2,2-tetramethyl-1-

20 silapropoxy)methyljoxolan-2-yl}-2-[1-(4-t-butylbenzyl)pyrazol-4-yl|purine-6-ylamine amn
Compound 17 was prepared in the manner of compound 11 substituting 4-iodo-(4-t-
butyibenzyl)pyrazole for 4-iodo-benzylpyrazole to afford compound 17: 1H NMR(CDCI3)}
0.00 (s, 3H, CH3), 0.01 (s, 3H, CH3), 0.04 (s, 3H, CH3), 0.07 (s, 3H, CH3), 0.11 (s, 3H,



D20 exchangeable), 6.00-6.05 (m 1H), 7.99 (s, lH) 8.05 (s, 1H7 BEQ00S
“1H) 9-{(2R 3R 4R 5R)- 3, 4 bis(1,1,2,2-tetranethyl -1 sil apropoxy) -

5-1(1, 1, 2“29?’&7?%mat hyl - PCT/US00/17095

si | apr opoxy) net hyI ] oxol an 2 yl) - 2 [123( 1- net hyl et hyl ) pyrazol - 4-yl ] puri ne-6-y
| am ne &1553) Jlg gﬁo nd. 16_was epared in the manner of conpound 11

subst i EEPng 1456 %W’) feth(p BENYPYIp 0183 Ael Bl ftdw). 4 9lo@09Benbyl pybdzol e to

af f or dH; @R VK16 S 1
0.0 04 (5 vk E:BE(B H?j%wﬁﬁgq@éu%?m?o”ﬁ) 4("%3%8&6 }343)49,4 e ﬂé)

0447(95 (18, Dmenchm)eable), 831((d, ] OBS Hz bH),7.D(d91= .9 HOBH) 7. 3i)d, J &. 55(d

4.08-4.15(m 1H), 4.30-4.32 (m

qﬁﬁie ?9% a’ 81@1@ é'l)Sg(Z&)gé l%ﬁ) D20 exchangeabl e), 6.05 (s, 1H),
8 5(s IH), 8.10 (s, 1H), 8.2 (s, 1H
9-{(2R 3R 4R SR) -3, 4-bis(1,1, 2, 2Etetralma§hyl-lsiIapropory)-
5-1(1,1,2,2-tetranethyl -1 20
si | apropory) net hyl ] oxol an-2-yl]-2-11-(4-t-butyl benzyl) pyrazol -4-yl ] purine-6
-ylannine (17) Conpound 17 was prepared in the manner of conpound 11
substituting 4-iodo-(4-t- butyl benzyl) ¥|r azol e for 4-iodo-benzyl pyrazole to
afford conpound 17: 1H NVMR(CDC 3) O0.0Q"™s, 3H, CH3), 0.01 (s, 3H, CH3),
0.04 (s, 3H, CH3), O. 07@% CHS) \(s, 3H, 1 7 DEC 2003 WO
00/ 78778 PCT/ USOQ 17095 H CH3), 0.78 (s, 9H, t-bu),
0.83 (s, 9H, t-bu), 0.91 )Nl 0 (s, 9H, t-bu), 3.8 (d, IH),
4.05 (d, 1H), 4.08-4.15(m 1H) d, IH, 4.47-4.49 (dd, 1H),
5.44 (bs, 1H, D20 exchangeabl e), 6. ., = 3.6 Hz. 1H), 7.2 (d, J= 2.0
Hz, 2H), 7.35 (d J = 2.0 Hz, ZI% 7.99 80H1H) 8.14 (s, 1H), 8.20 (s,
IH 5 Exanple 3 (482R3R5R)21 am no- 2
-benzy razol - g % purin-9-yl}-5- 10 (hydroxyrret hyl ) oxol ane- 3, 4-diol (12) A
sol ut i¢ Bﬁﬂ-??’f miee-2vidthenzylpemzokd-ypod&9mbf) in 0.5 M sol ution of
NHAF iRy Wﬂ@iﬁghofﬁ L3480l (F2) uxed for 16 h. Reaction mxture was

an

concent rated residue was ~purified by:preparative TLC
( et hdhsplutipe lof aribREMS deriantivy (29 nad, f0003S thvol)l inl /R spCBBORY ISHES ifd, J =

11 ZHZWeth%bm (541%7)8\1'?5&5%{1%%' fo%éﬁék%gcuoé\”?:xﬁgg’ g@é Eé%er&traﬁcd%a‘%l ﬁilfiuqe w, d1 ) =15
7 15- putiified nby Préparativd 7TLC (methanol-dichloromethane 9:1) to afford 12; 1H NMR
(CD30D) 3.65(d,J=11.2 Hz, 1H), 3.81 (d, J = 11.2 Hz, 1H), 4.18-4.19 (m, 1H), 4.26 (d,) =
15 5.2 Hz, 1H), 4.78 (dd, 1H), 5.23 (s, 2H), 5.72 (d, 3 = 7.2 Hz, 1H), 7.15-7.17 (m, 2H), 7.17-
7.27 (m, 3H), 7.80 (s, 1H), 8.10 (s, 2H).

(4S,2R,3R,SR)-2-[6-amino—2-(l-pcntylpyrazol-4-yl)purin-9 yl}-5-

20  (hydroxymethyl)oxolane-3.4-diol (18)
Compound 18 was prepared in the manner of compound 12; 1H NMR (CD30D) 4 0.8 (1, ] =
3.6 Hz, 3H), 1.20-1.26 (m, 4H), 1.76-1.80 (m, 2H), 3.67 (d, } = 12.0 Hz, 1H), 3.85 (d, ] = 12.0




7.27 (m 3H), 7.80 (s, 1H, 8.10 (s, 2H. a 18 30H OH 17 DEC 2[][]3
(4S, 2R, 3R, 5R) - 2- (6- am no- 2- (1- pentyl pyrazol -4-yl)purin-9 yl1l1-5- 20

(hydr oxy meas bo/tgrmxol ane- 3, 4-di ol (18) Corrpound 18 was prepacaeusonvitdee manner
of compound 12; 1H NVR (CD30D) 4 0. 8%t = 3.6 Hz, 3H), 1.20-1.26 (m
4H) , 176180(m 2H), 3.67 (d, J—120Hz 1H), 385(d J=12.017
DEC 2083, mmmwwp@ﬁmwmwmmm =4,DHz,(tH), .78 (@d. ARk, 2H),

b 7P Ty sty Bl Goge i sohghmy 8 7y Dy > L

(4S, 2R, 3R, 5R) - 2- (6- am no- 2- ( 1- net hy[ pyrazol -4-yl ) purin-9-yl]-5-
(hydr oxynet hyl ) oxol ane- 3, 4-di ol (19) Conpound 19 was prepared in the manner
of conpound 12; IH NWVR (CD30OD) 3.60 (4H2J 9.2 Hz, | H), 3.78 (s, 3H,
N-CH3), 3.80 (d, J = 9.2 Hz, 12 (m | H, 4.24 (d, J = 1.4
Hz, 1H), 4.78 (dd, 1H), 5.69 , IH), 7.80 (s, 1H), 7.98 (s,
1H), 8.01 (s, 1H). 10 (4S, 2R
R, 5R) - 2- ( 6- am no- 2- ( 1- (et hyl -4-yl]purin-9-yl }-5-
(hydr oxynet hyl ) oxol ane- 3, 4-di ol (2D rpgund 20 was prepared in the nanner
of conpound 12; I H NVR (CD30CD) 1.41 (d, ,Joa 15 6.8 Hz, 6H), 3.66 (d, J =
9.0 Hz, IH), 3.80 (d, J = 9.0 Hz,"%1H), 49H-4.18 (m 1H), 4.25 (d, J = 4,8
Hz, 1H), 4.40 (septet, 1H), 4.77 (dd, IH, 5.71 (d, J = 7.2 Hz, 1H), 7.80
(s,5 | Hi#S,28,IRBSRY-2-{6darhinp-28(11de by Ipyiidol-4\WD) piGin B yif 3- 25 1 7 DEC 2003

0Ll 7095 4S 2R, 3R {6-am no- 2-[

PCT/ U
1- ( 3- iﬂt‘éﬂ\'ﬂ"ﬁﬂ’ﬁ Joxgtansyd- 3 ‘%/[l]gburl n-9-yl}-5-
(hydr compdund| 1HAXR! ABRed -t flande? b compound 12; 1H NMR (CD30D) 3.60 (d, J =

9.2 Hz, 1H), 3.78 (s, 3H, N-CH3), 3.80 (d, ) = 9.2 Hz, 1H), 4.10-4.12 (m, 1H), 424 (d, ] = 1.4
Hz, 1H), 4.78 (dd, 1H), 5.69 (d, J = 7.0 Hz, 1H), 7.80 (s, 1H), 7.98 (s, 1H), 8.01 (s, 1H).

10

(45,2R,IR,5R)-2-{6-amino-2-{1-(methvlethyl)pyrazol-4-yl]purin-9-yl}-5-
(hydroxymethyl)oxolaune-3,4-diol (20) )
Compound 20 was prepared in the manner of compound 12; 1H NMR (CD30D) 1.41 (d,J =

15 6.8 Hz, 6H), 3.66 (d, J = 9.0 Hz, 1H), 3.80 (d, ] = 9.0 Hz, 1H), 4.16-4.18 (m, 1H),4.25(d,J =
418 Hz, 1H), 4.40 (septet, 1H), 4.77 (dd, 1H), 5.71 (d, ] = 7.2 Hz, 1H), 7.80 (s, 1H), 8.03 (s,
1H), 8.13 (s, 1H).




—~NhoNWO
-

Corrpound 21 was prepared in the manner of conpound 12; 1H NI}/F? ?@3

.10 (t, 6.7 Hz, 2H, CH2), 2.51 (t, J = 6.7 Hz, 2H CH2 J=

.2 He, P”%“f’sé"sso (d, J = 9.2 Hz, 26 | H), 4.04 (t, Bc ﬁﬁ""’l‘”ﬁ—i)

16-4.17 (m | H), 4.25 (d, J = 1.2 Hz, 1 H), 4.79(dd, 1 H, 571 (d, J =

.2 Hz, IH, 7.05-7.07 (m 2H), 7.16-7.24 (m 3H), 7.80 (s, IH, 8.06 (s,
8.08 (s, IH. 1H2 10

(48: 2R, 3R, 5R) - 2- { 6- g -2 [1 (4-t-butyl ben yl) pyrazol -4-ylJ
purity-9-yl}-5- (hy f | )-Qxol an ol (22) Conmpound 22 was

(CD30D) 1.15 (s, 9h, t bu)
3.55 (d, J = 11.2 Hz, 1H), 3. 75 jg, Hz, 1H), 4.18-4.19 (m 1H),
4.26 (d, J =5.2 15 Hz, 1H), 4.65 (

: 5.12 (s, 2H), 5.65 (d, J =7.2
Hz, 1H), 7.05 (d, 2H), 7.1 (d 3H), ' 1H), 8.05 (s, 2H. 20 WO
00/ 78778 26 1 7 DEC 2003 PCTI US00/ 17095 (4%#@,’3
R, 5R) - 2- (6- am no- 2- pyrazol - 4-yl purin-9-yl)-5-(hydroxynet hyl ) oxol ane- 3, 4-di o
I (23) 5 Conpound 23 was prepared in the manner of conpound 12; 1H NWR
03375 ), 3.90 ,, 5'-CH), 4.15 (d, 2 H 4'-CH

S(%ﬁ»—"li»sg)-?s{&wo-hllw-kwvmrppyghiyraw-ylbugw 45 H 1'-cH), 8.20

(4S 2 ﬁ“'&ﬁ %&5&2&1}%3 @gﬁt ?Q?)ent 4- enyl pyrazol -4-yl ] purin-9-yl }-5-
(h¥ydr Gmynemm 1) wasopraparedindthel mahn@ 4f temPoumdol?n dH2dMRBaC T @IpR2. &4 (6, & <t he

e GBS 17, (O 2261050 588 () P09, R 128w,
i 1H), 4.04 (t, J = 6.7 Hz, 1H), 4.16-4.17 (m, 1H), 4.25 (d, J = 1.2 Hz, 1H), 4.79 (dd, 1H), 5.71
(d,J = 7.2 Hz, 1H), 7.05-7.07 (m, 2H), 7.16-7.24 (m, 3H), 7.80 (s, 1H), 8.06 (s, 1H), 8.08 (s,

1H).

NHz

>r©1 oGl

Z OH
oM
10

(45,2R,3R,5R)-2-{6-amino-2-[1(4-t-butylbenzyl)pyrazol-4-yl] purin-9-yl}-5-

(hydroxymethyl)oxolane-3,4-diol (22)

Compound 22 was prepared in the manner of compound 12;1H NMR (CD30D) 1.15 (s, 9h, t-

bu) 3.55 (d, J = 11.2 Hz, 1H), 3.75 (d, J = 11.2 Hz, 1H), 4.18-4.19 (m, 1H), 4.26 (d, ] = 5.2

15 Hz, 1H), 4.65 (dd, 1H), 5.12 (s, 2H), 5.65 (d, ] = 7.2 Hz, 1H), 7.05 (d, 2H), 7.17 (d, 3H), 7.75
(s, 1H), 8.05 (s, 2H).

20




27 NH2 HO 25 -',0H SOH (4S, 2R 3R 5R)-2-}6-am d o-2-11-decyl pyrazol -4-yl ]
p arin-9-yl}-5- (hydroxynetbyl)oxol ane-3, 4-diol (25) Conpound RYERL003
prepared_| nner of conmpound 12; [MS 430 (M+1)] S

(-4S, 2R w%%}?ﬂes- ani no- 2- [ 1- (cycl mhexyl net hyl ) pyr azol %S/T’PS“"”""”
purin-9-yl}-S- (hydroxynethyl)oxol ane-3, 4-diol - 26 Conpound 26 was
prepared in the manner of conpound 12; [MS 474 (Mtl)] 15 20 WO OOn8778 N
(4S, 2R, 3R, SR) - 2-{6-am no-2-[ 1-(2-phenylethyl)pyrazol-4-yljpurin-9-yl}-5-
(hydr oxynet hyl ) oxol ane- 3, 4-di ol - 27 5 Conpound 27 was prepared in the

manner of conpound 12; [MS 438 (Mtl)] OH 104 17 DEC 2003 PCT/ US00/ 17095
10

(4S, 2R, 3R, 5R) - 2- { 6- am no- 2-[ 1- LS- c
5- (hydroxynet hyl ) oxol an e- 3, #di
of conpound 12; [MS 458 (M+l)]N

propyl ) pyrazol -4-yl ] purin-9-yl}-
d 28 was prepared in the nmanner

ycfjohgx

23 OH

(45,2R,3R,5R)-2-(6-amino-2-pyrazol-4-ylpurin-9-yl)-5-(hydroxymethyl)oxolane-3,4-diol
(23)
5  Compound 23 was prepared in the manner of compound 12; 1H NMR (CD30D) 3.75(d, 1 H,
5-CH) 390(d,1H,,5-CH), 415(d,2H,4-CH)4.35(m, 1 H, 3’-CH), 4.85(m, 1 H, 2"- j
CH), 5.95(d, 1 H, 1'-CH), 8.20 (s, 1 H, 8-H), 8.25 (s, 2 H, Ar).

10

(4S,2R,3R,5R)-2-{6-amino-2-{1-pent-4-enylpyrazol-4-ylipurin-9-yl}-5-
(hydroxymethyl)oxolane-3,4-diol 24

15 Compound 24 was prepared in the manner of compound 12; {MS 402 (M+1)]

20



15 29 (4S,2R 3R SR)-2-{ 6-amno-2- [ 1-(2-cycl ohexylethyl)pyr achgggy?u u
" rin-9-yl }-5- (hydroxynethyl)oxol ane-3,4-diol - 29 28 HO -'K} oun

was prepav@do/ra178 he manner of corrpound 12; [M5 444 (M+l)] PCTUDEC@H03 V\D
00/ 78778 29 PCT/ USCan 7095 EXANPLE 42 Corrpounds of this invention were
assayed to determne their affinity for the A2A receptor in a pig striatum
menbrane prep. Briefly, 0.2 ng of pig striatal nenbranes were 5 treated
wi t h adenosi ne deam nase and 50 mM Tris buffer (pH = 7.4) followed by

m xing. To the pig nmenbran added 2 mcroL of serially diluted DVSO
stock solution of the co u of this invention at concentrations
ranging from 100 mcro 10 nMor the control received 2 mcroL of DVSO
alone, then the triti W2241385 in Tris buffer (50 MM pH
of 7.4) was added to a Nhtration of 2 nM. After 10

i ncubation at 23 C for 2h, W&he t|§ns were filtered using a

menbr ane harvester using rmNtl fag of the nenbranes (3 x). The
filter disks were counted |rN ' cocktai|l affording the anmount

of displacenent of tritiated ZM b etitive binding conpounds of
this invention. Greater than a 5 B@int s used to generate 1C50's
and the nunber of experinments is ih cat? mlat he colum marked in Table |
bel ow. 15 Table I Conpound Nunber A2a Ki (ﬁ%’ 11 12667411213 1870897803
19x10, 0001 20-10, 0001

(45,2R,3R,5R)-2-{6-amino-2-[1-decylpyrazol-4-yl] purin-9-y1}-5-
(hydroxymethyl)oxolane-3,4-diol (25)

Compound 25 was prepared in the manner of compound 12; [MS 430 (M+1)]

N'\- ,N@

26 HO *oH
‘ (4S,2R,3R,5R)-2 {6-amino-2-{1-{cyclohexylmethyl)pyrazol-4-yl|purin-9-yl}-5-
J (hydroxymethyl)oxolane-3,4-diol - 26

Compound 26 was prepared in the manner of compound 12; [MS 474 (M+1)]

15

20




2161335822 2276801 23X100, 0001 1 Exanple 5 The objective of t i? ﬁégerinent
was to determine the affinities and receptor binding selectivity
conmpound o gbPg-5g | nvention for A" A2A, A2B and A3 adenosi ngcfg§Rnbess. 20
Mol ecul ar cloning has identified andzgonfirmed the exi stence of four

subt ypes of adenosine receptors (AdoRs), designated as A, A2A, A28 and
A3AdoRs (Linden, 1994). These AdoR subtypes have distinct anatom cal

di stributions, pharmacol ogi cal properties and physiol ogical functions

(Shryock and Bel ar di ne997) A, and A3AdoRs couple to inhibitory G

proteins (G /o) and g# A5e the activN of adenylyl cyclase, whereas A2A
and A2BAdoRs i ncrease Zcel | ul ar Nﬁ content via coupling to
stinmulatory G proteins \&@ |€;h pot ency and ti ssue/organ
selectivity for distinct adenoﬁi subt ypes have therapeutic and
di agnostic potentials for a vag £t i seqses (such as 1 7 DEC 2003 WO
00! 78778 30 PCT/ US00/ 17095 arr mas, i em ¢ heart diseases, asthma and
Par ki nson' s di sease) and are the foH si derabl e research efforts by
bot h acadeni a and industry. 2Fere we report¥ h H phar nacol ogi cal and
functional characterization of a series of Gdel adenosine anal ogues of
this invention using manmalian cell |ines expressing either endogenous
AdoRs or _ 5 reconbi nant human AdoRs. Materials Adenosi ne deam nase was

pur chad@e B3 B¥RBgetfrsminor2 lh{ﬂwemvmtb&d}wmwglmﬂm%mﬁpﬁ is, IN US.A).

[ 3H] ZMby deweymetkyl)auelane)3.4iplp#7chased from Tocris Cookson Ltd (Langford,
Bristol, UK). [3H CPX (Lot No. 3329207) was from New Engl and Nuclear to
(BostoﬁommndUSAyas rPG8246i80he inatneNof coB\woBR! 82 [MEMBAMHA0)) , NECA (Lot No.
OXV-295E), R-PIA (Lot No. Wy-V-23), Rolipram and HEK- hA2AAR nenbr anes were
obtained from Sigma-RBlI (Natick, MA). WRC-0470 was prepared as described in
the literature (K Niya et al., J. Med. ﬁgenl 35: 4557-4561 (1992).

Conmpound 18 and Conpound 12 is inv on were synthesized and
prepared as stock sol uti 0 N N
P
|:j>/’l‘N N
el
28 HO Z "OH
OH

10 (4S5,2R,3R,5R)-2-{6-amino-2-{1-(3-cyclohexyipropyl)pyrazol-4-yi|purin-9-yl}-5-
(hydroxymethyl)oxolape-3,4-diol

Compound 28 was prepared in the manner of compound 12; [MS 458 (M+1)]

(A PN
N

Hol\b"bﬂ

29 H
15

(4S,2R,3R,5R)-2-{6-amino-2-[1-(2-cyclohexylethyl)pyrazol-4-yl]purin-9-yl}-5-
(hydroxymethyl)oxolane-3,4-diol - 29

Compound 29 was prepared in the manner of compound 12; [MS 444 (M+1))




15 mmol /L) in DVMSO. Cell culture and nenbrane preparation-PCl21cp %\wﬁf
" obtained fromthe Anmerican Type Culture Collection and grown |n h
5% f et al WRWWEserum 10% horse sgrum 0.5 mrol / L L- gl uPEFUSE 17009 U/ il
penicillin, 0.1 ng/nmL streptomnycin, And 2.5 gg/ nL amphot eri ci n. HEK-293
cells stably expressing reconbi nant human A2, AdoRs 20 ( HEK- hA2BAdoR) were
grown in DVEM suppl enented with 10% f et al bovi ne serumand 0.5 ng/nL

G 418. CHOK1 cel | s stably expregstQgpiliesr econbi nant human AlAdoR (CHO
hA, AdoR) and A, AdoR ( CHO hA, AdoR; were grown as nonol ayers on 150-mm

pl astic c@ompoundticfitls irvantidarwee Essa@dnedetamuppieamﬁ'nﬁ@cfomt m210% f et al

bovi n res nce of re cultured in an
at m)sg C%EJOHEJ B&° %5’ ‘?‘ne PFE eﬂ?gé gL a8 3% Pg ?@C&I]I'B’eﬁﬁ%@eﬁ’é’ﬁﬁr anes,
cebl s tmam watetaaerhsd:efdeﬁxmnrafeemﬁtsbmwerrﬁlbarfels(pm 0.4} GeltcwRidbyRixingTotd L

Tris- bufm_g’ (pH7. 4c)! The ¢ sus ensi ons were honogeni zed with
Pol yt fiPigmembgnes wgs added 2 migr rrplly diyieddIVROStock solgbemyofthe 15 ni nut es.

The pebmpbindiel thidmsRfn abﬁﬁﬁenntahﬁgfm%%# g’?ﬁ;ﬁ;@%@?oﬁptoi 1D M gi‘e Id Tris-HC

buffer and centrifugation. The fi resuspen in a small
vol umeonsfol Tneteivedl micrpl qUIBMSD douk, theozbrrtx'ia'med snapamrt ZM 24385 frolris r ecept or

bi ndi T, trati-o S Si ons was

et or B304, FRIRE PN MASREERIED PR Bhcd BRI ERGRE) DI s

stiandanctibatich af 2DEFor @R, 3h#3he 8divtTonsé 8ve8e1f lEEEEIEl lhsixa@@h&ﬁ%ﬁe ﬁhﬁﬁkﬁr}u?ingn Bi ndi( 29)

Assays etitiop,assays were to determ.ne .the affinities

of tKém‘\‘"é‘I" %‘Hgﬂ ghins rfﬁvaﬂ%&’agﬁ?rgﬁ YRR Cgld iR SCintEatign unds
=048mmmam@dhé§no&@mgjoeﬁ%m J¥ieGetatedEM 31880 i%e Hihdingor A AdORs

([" H DPCPX bi ndi ng sites on hA, AdoR cel | nménbr anes)

A2hAd 6r&PP K/this e ention, iGreaterghan; & SRoiRtreuPE| s ased tﬁnknmm sand

rentr ﬁ%’“ 89 ATl P TS B o a2, TS Lo LoR e

rrelerrane) Menbr ane suspenS| ons wer eTabletibated for 2 hours at room

t enperat Waﬁpddxldd*lufigul e D_iJ:C:Kle'fHE et—{piH—+4) L;UI!.E. atnthRg—ABDA (1 U n),
PPUNES 12 66741121 3
18 7089+780 3
19 >10,000 1
20 -10,000 1
21 6133y582 2
22 7680 1
23 >100, 000 1
)
Example 5

The objective of this experiment was to determine the affinities and receptor binding
selectivity of a compound of this invention for A, A,,, A, and A, adenosine receptors.
20 Mplecular ¢loning has identified and confirmed the existence of four subtypes of adenosine
rei:eptors (AdoRs), designated as A, A,,, A,; and A;AdoRs (Linden, 1994). These AdoR
subtypes have distinct anatomical distributions, pharmacological properties and physiological
functions (Shryock and Belardinelli, 1997). A, and A,AdoRs couple to inhibitory G proteins
(G/,) and decrease the activity of adenylyl cyclase, whereas A,, and A, AdoRs increase

25 intracellular cAMP content via coupling to stimulatory G proteins (Gs).
Ligands with high potency and tissue/organ selectivity for distinct adenosine receptor

subtypes have therapeutic and diagnostic potentials for a variety of diseases (such as




(100 M, radioligand (either ['H ZM241385 (-1.5 to 5 nnolLlL), [Iﬁ?[ﬁm@ﬂﬂ.
(-2.5to 3.0 to nnolL for A, and 30 nMfor A29) or [12'I] ABMECA (| %md

progr essmuebddrsirsgher  concentrations of the conpeting agecsyudbaides end of
i ncubation, bound and free radiolid&nds were separated by firﬁjtration
t hrough Whatman GF/ C glass fiber filters using a Brandel tissue harvester
( Gai t HEThythynigs, isgbpmicThdaps| dissases, athma aih Rpikonsen weliseaged nfid arete ffocus dfach

conce ' et n gent. 15 Study, Desig Pr ot ocol s) .The
1 st Qeschtf, ARy " Bof0 Shides g FRAURD ik AV deRDR,) e

r ecepplarmaveogical eind rfancienal hatatretizatip toFACYNES of AORE h8erfoSine [R5 ERY dfA ) or
[" H éMZ4.1385. A2A)  bi ndi Eg_‘ SC:Qf es. on nenbr.anes derived from hA, AdoR,
PC 12"%} 'PEEIRAL BAGS RRmadan  rllplipes, sypressine cither fndagenoys t AdeRwara

se} ectecumbinght HimaaKHoR2A respectively, and NECA, a 20 non-sel ective AdoR
agoni st were used as controls. To facilitate conparison and avoid the
conpl Materialsof nul ti ple affinity states due to receptor coupling to

G proteins, the conpetition binding studies were carried out in the

Q_Lgsg?cg pﬁdggﬁlng hflﬁ:"bﬂaem@% Rprehesed fromc &QB*F@&Céd‘é?ﬁGim Biogher@cpls gtsgiaggéd
by t heciablisoIN2G.506) fgl%ig{fg 300k Ho- 85 a8 Rilphosea (P RDMS BB 2020 25
L ot ot e ot e s e o1
| 3P Bhoaldnn, BB AL CEGRE0 o) R ISPTh BE an ML e R ok N

A2B- mOAN&2eSE)c RMPLACot b aWON'-13), RQligrdm and HERKhA ARC elehfbrareeSi@st i vel y.

In these experinents 1680 and NECA were used as 30 positive controls.
Resul DRSInEhragt (ST ERET ONatEk A O RS, 0820 s RreRased an deessippbundha o f or
humanlikrarureadk. Riiga RUERN JARAAA ARem, a5, dpdsaiddeied 9 %Hﬂg@fut i 4 ndi ng
studi es ar ea{tslfjmm?? zed in 1 7 DEC 2003 WO 00/ 78@17?)32 PCT/ %ngfs%% Tabl e
2, bel8mPowRd A2 tqfethis maentiosnwere Omthssiaed! apg prepared: asstogk cotuticosy (hdder at e

15 mmol/L) in DMSO.

Cell culture and membrane preparation-fClZ cells were obtained from the
American Type Culture Collection and grown in DMEM with 5% fetal bovine serum, 10%
horse serum, 0.5 mmol/L L-glutamine, 100 U/mL penicillin, 0.1 mg/mL streptomycin, and
2.5 pg/mL amphotericin. HEK-293 cells stably expressing recombinant human A,,AdoRs
20 (HEK-hA,AdoR) were grown in DMEM suppiemented with 10% fetal bovine serum and
0.5 mg/mL G-418. CHOKI cells stably expressing the recombinant human A,AdoR (CHO-
hA AdoR) and A,AdoR (CHO-hA,AdoR) were grown as monolayers on 150-mm plastic
culture dishes in Ham's F-12 media supplemented with 10% fetal bovine serum in the )
presence of 0.5 mg/mL G-418. Cells were cultured in an atmosphere of 5% CO./95% air
25  maintained at 37°C.

j To make membranes, cells were detached from the culture plates into ice-cold 50
mmoV/L Tris-HCI buffer (pH7.4). The cell suspensions were homogenized with Polytron at
setting 4 for 30 seconds, and spun at 48,000g for 15 minutes. The pellets were washed three
times by re-suspension in ice-cold Tris-HCI buffer and centrifugation. The final peilet was

30 re-suspended in a small volume of Tris-HCI, aliquoted and frozen at -80°C until used for
reéeptor binding assays. The protein concentration of membrane suspensions was
determined using the Bradford method (Bio-Rad) with bovine serum as standards.




selectivity for human A " versus A, receptor. Table 2 - Bindigglﬁﬁﬁtrmmjes
" of Adenosi ne Receptor Agonists for A AAdoRs and A AdoRs HEK-h

Cel | sCHOWARRTH ndi ng Affini tynBi nding Affinityn WRC 047@LHAIs00/17095
(6.550. 04) 67278 (5.160.09)3 [0.830.07)[1.130.21] Conmpound 182895
(5.540.03) 35836 (5.240.04)3 [0.830.07][ 1.010.06] Conpound 1213651
(4.870.02) §85!mt1§15!1 Bindipg) Asspps- 7GunpeI00 . s 08ire CEEXTBE 6 0dktermine

[0 830" CarT D 850, U’ ESFRE ehPe8et shhalier idinddy S Conubdy #210- 0003
[ 1. 05WRE-0 CooPoand)83, Goripaundek, INBC Af COSi 21680 padi RFBIA fehayaddrat Conpound
16 i gp» ffinity. A2, , | St. MPLE, 6 Th jecti, f this Ex le
was tbPIREEER tibdlbE Y ont CEPEAPLAaR Sk Embentty AnarorybHEBNBsIMI 12 and
18 ofbindingsit ¢ PnardrHER I AHSEe ([ :h , th
expgri. rn:,\'rllg?SI Yoo desj gned tggg%?%rcﬂ]ne?bﬁgwgg;?%c o%l rrporfj)glggldll and618
and c“b‘ﬁ%&?ﬁ?’ﬁﬁﬁd fdhBreEbrangs) gt A fdoRddnd A RMELHd badingy sitesloact ed A2A
AdOR CHONASAGOR Bl IMdfblfia] (MehBianéGBpAUFROUALIN ALRRID! 2 AL B B5m! N
coronary vasodil ation caused by adehosi ne, ereas the A, Treceptor

medi dERBeraEe WaYlonme Ul dpisdiShimiffeapll G cofitamirena®isnd, UmiohGpp@NHp t he

negat, ronotropj ¢.and., i AV_bl o f ever al pot ent
nd SAPEuHY BORgaRL e BREr HIAUBH BB L0 s ARl SRIDHGE (FEafoana aza
Ao RsnrinaldlLe fdyegnarily 30 ARE foreal,) bf [PMABMEBC A0AR) P afid ploghesstenREghave been
proposed to.be seful as. antiarrhythm c agents, whereas agoni Sts of A2A
AdoRs°°&?°é‘“B'é‘?'ﬁg°géhﬁe|°6!ﬁeal% pgentse| ettt thee e@grqf} nieybatian,oboyngt pesh free

' radioligands were separated by filtration through Whatman GF/C glass fiber filters using a
Brande] tissue harvester (Gaithersburg, MD). Triplicate determinations were performed for
each concentration of the competing agent.

15 Study Design (Protocols)
The affinity (K;} of various CVT compounds fof the A, and A,, adenosine receptor
were determined by their potency to compete for "HJCPX (A,) or [* H]ZM241385 (A,,)
binding sites on membranes derived from CHO-hA,AdoR, PC12 or HEK-HA,, AdoR cells.
R-PIA and CGS21680, agonists that are selective for A, and A,, respectively, and NECA, a
20 non-selective AdoR agonist were used as controls. To facilitate comparison and avoid the
complication of multiple affinity states due to receptor coupling to G-proteins, the
competition binding studies were carried out in the presence of Gpp (NH) p (100 uM) to
uncoupie receptors from G-proteins. The affinity of selected compounds for A, and A,
receptors were assessed by their potencies to compete for ['H] CPX {(A,) and ['*]]
25 ABMECA (A3) binding sites on membranes derived from HEK-hA,;AdoR and CHO-
hA,AdoR cells, respectively.

The functional potency and selectivity of these drugs for A,, vs. A,;AdoRs were
assessed by determining their effects on A,, or A,,-mediated ¢AMP accumulation in PC 12
and HEK-293 cells, respectively. In these experiments, CGS21680 and NECA were used as
30  positive controls.
Results
The affinity (K,) of WRC-0470, Compound 18, and Compound 12 for human A, rat

and buman A,,AdoRs, as determined by competition binding studies are summarized in
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The results of this Experiment show that Compound 16 is a low affinity A,, agonist.

The objective of this Example was to characterize pharmacologically the effects of

EXAMPLE 6

Compounds 12 and 18 of this invention on coronary artery conductance. Specifically, the

experiments was designed to determine the potency of Compounds 12 and 18 and compared

@dr potencies to that of adenosine and other selected A,, AdoR agonists.

In the heart, the A,, adenosine receptor mediates the coronary vasodilation caused by

adenosine, whereas the A, receptor mediates the cardiac depressant actions of adenosine, such

as the negative chronotropic and dromotropic (AV block) effects.

Several potent and selective ligands, both agonists and antagonists, for the Al and A,

AdoRs have been synthesized. In the heart agonists of A, AdoRs have been proposed to be

useful as antiarrhythmic agents, whereas agonists of A,, AdoRs are being developed for
selective coronary vasodilation




in, duration and anplitude of at least twice the threshold intefgi Bgcdngé
" Coronary perfusion pressure (CPP) was neasured using a pressure trans r,
connect ed¥?8%7#E8 aortic cannula via a T-connector positi orREF B§0AMosMat el v
3 cmabove the heart. Coronary perf#esion pressure was nonitored throughout
the experinent and recorded 30 either on a chart recorder (CGould Recorder

2200S) or & & fcadenesing deryativasgamgpetichor s¢lBaiver dcebdiib®, of AR, NfdchosiRNt S Pty

Ltd, lfia@) . e AW P ranging from60 to 85 myHg (in the

absence gééc}f‘ &géﬁd@mﬁé’&u egl%f‘l#({ {ﬁ])é(aépet WC.’S%E)BPS?]@?Q}“’@O‘??MW@'@‘W s.

L0 T L e ooy o e epo SrUetdecbt YRS SOIBRLY ARFMPHR T 505,
n)..and.  coropar erfusi on _pressure. 0l

PCTI uéd‘?fi‘g“?@ég‘% %@@Pﬁ%ﬁf@%@% i3t 20d giRGIpis iselaied pexfussd hrastsi at ed

negat iMatedliiaty1ot r opi ¢ effect was neasured, atrial and ventricular surface

el ectrograns were recorded during constant atrial pacing. The effect of
various addwtsiIpeague Qaptlen) and)Guinca pigs (Hattley owenatpuichased froaoSistinkéroadt | e

was d ' ' | ousl y_by. Jenkins an el ardinel li Grc.
Ros. |GGG R TeshRIiEly VREDEH B ortpaf sttt hsdfiranis (€ iy

i nventat g, (5iNAd. A0ltEnCGES : 24830456 5 92) Weompp P a2 eghdi Colpoidhys oFUhfsoxi de
(DIVISO)in Eignz%?ed fromAl %ri C_F, PS 04%83!\/5. A stock solution of adenosine
(1 o/ RYSPGR VRS prempre 3 dleserbed, abover EOS ASEN ket No S9RAS0 Hesae arlenssinet he
stwck (Rol MNo. XDIHDO4Y i Wetk | sificHagddO o/l t ' ut of,. ei 2X10 or
2X10"3 M_ These lggisol utiimc?)cns we?gﬁi E}%_?n(;cat g%%?ﬁ%lgns?ﬁg %)(Iaﬁr? ﬂs‘%gsﬁbh%%dof t he
appar #CEREAINg 1goPtandard Methers) and R.98p salineewase punshased; fiome MeGiraw,i nos (lver e

pl acedNd.TeB248).30 nl gl ass syringe and the drugs were infused at rates

necessareé to achieve the desired perfusate concentrations (e.g, 10, 100 nM
etc). ry vasodil ati on of A=" adenosi ne receptor agonists

Concentrati spon relatio I ps for the effect of the conpounds of
this i nvent@d(};lltrfpfggu(egfﬁmf%mmg%P"Xﬂ’migfé’gﬁ'd(%.s‘?E‘ Yeshing AR 230 P ncr ease
corson&6P gramd LeidaB0e 1OVBE@ grav, abspeéliveyl Wefe (:28 9 A3 9steN T Aim e AS4HE €TENT S

of coronsz.g%{. Eerfusi.on ressure, progressive higher concentrations of the
adenosTREMFECE Y BFQGeH iiyedionef a cackiihcontairiag ketamine and xylagine (ketamine

100 mg, xylazin 20 mg/ml). The chest was opened and the heart quickly removed. The heart

was briefly rinse in ice-cold Krebs-Henseleit solution (see below), and the aorta cannulated.

The heart was then perfused at a flow rate of 10 mi/min with modified Krebs-Henseleit (K-H)

20 solution containing NaCl 117.9, KCI 4.5, CaCl, 2.5, MgSO, 1.18, KH,PO, 1-18, pyruvate 2.0

mmo/L. The K-H solution (pH 7.4) was gassed continuously with 95% 0, and 5% C0, and

warmed to 35+0.50 C. The heart was electrically paced at a fixed cycle length of 340 ms (250

| beats/min) using a bipolar electrode place on the left atrium. The electrical stimuli were

generated by a Grass stimulator (Model S48, W. Warwick, RI) and delivered through a

25 Stimuli Isolation Unit (Model SIUS, Astro-Med, Inc., NY) as square-wave pulses of 3-msec
ini duration and ampiitude of at least twice the threshold intensity.

‘ Coronary perfusion pressure (CPP) was measured using a pressure transducer,
cdmectcd to the aortic cannula via a T-connector positioned approximately 3 cm above the
hgan. Coronary perfusion pressure was monitored throughout the experiment and recorded

30 ejthcr on a chart recorder (Gould Recorder 2200S) or a computerized recording system
(PowerLab/4S, ADinstruments Pty Ltd, Australia). Only hearts with CPP ranging from 60 to
85 mmHg (in the absence of drugs) were used in the study. Coronary conductance (in
ml/min/mmHg) was calculated as the ratio between coronary perfusion rate (10 m¥min) and
cqronary perfusion pressure,



coronary vasodil ati on was observed. The steady-state responses {9 Bﬁ@l‘gnm
concentration of adenosine receptor agonists were recorded. In each heart
of this werdoesr7§4 to 6 hearts for each 20 agonist) only eqBUS&NI08% and
one concentration-response relationdhip was obtained. Results In isolated
perfused hearts (n=36 rats and 18 gui nea pigs) paced at constant atri al
cycl e | engtih epperiddéhisinechiciadeadenosine recefiarl mediateRepiiie, dramduépicpffands 12
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Coronary vasodilation of A,, adenosine receptor agonists
Concentration-response relationships for the effect of the compounds of this invention
15 (0.1 to 400 nM) and CGS21680 (0.1 to 10 nM) to increase coronary conductance were
obtained. After recording control measurements of céronary perfusion pressure, progressive
higher concentrations of the adenosine receptor agonists were administered until maximal
coronary vasodilation was observed. The steady-state responses to each concentration of
adenosine receptor agonists were recorded. In each heart of this series (4 to 6 hearts for each
20  agonist) only one agonist and one concentration-response relationship was obtained.
Results
In isolated perfused hearts (n=36 rats and 18 guinea pigs) paced at constant atrial
cycle length of 340 msec, adenosine, CGS21680, WRC0470, and Compounds 12 and 18 of
this invention caused a concentration-dependent increase in coronary conductance. CGS21680
25 and WRC0470 were the most potent agonists of this serics. Compounds 12 and 18 were
aﬁout as potent as adenosine in increasing coronary conductance. It is worth noting that ail
aéonists were several fold more potent coronary vasodilators in rat than guinea pig hearts.

Table 3 Potency of Adenosine and A,, Adenosine Receptor Agonists to Increase
Coronary Conductance in Rat and Guinea Pig Isolated Perfused Hearts

Potency (EC,,)
__A_gonist n Rat Guinea Pig
Compound 18 3 67.9+16.7 203.0+6.0
Adenosine 4 59.24+6.4 86.0+£0.5
CGS21680 4 0.5+0.1 1.740.4
WRC0470 3 0.6+0.2 2.4+1.1
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. heart Chlgudbwasmrgmédjﬁmmmdqﬁrewshmdlmyo:ﬁsmm)r ed throughout the experinent
and r r.on.a chart recorder (Gould Recorder 2200S) or a
corrpuﬁg"(riﬁhggge”e p’a“ﬁ‘g‘"&%‘i’é‘&"l 7 DEC 2003 WD 00/ 78778 PCTYUS00/ 17095 36
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20 mg/ml). The chest was opened and the heart quickly removed. The heart was briefly rinse in
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ice-cold Krebs-Henseleit solution (see below), and the aorta cannulated. The heart was then

perfused at a flow rate of 10 ml/min with modified Krebs-Henseleit (K-H) solution containing

NaCl 117.9, KCl1 4.5, CaCl, 2.5, MgSO, 1.18, KH,PO, 1.18, pyruvate 2.0 mmo/L. The K-H

solution (pH 7.4) was gassed continuously with 95% 0, and 5% CO0, and warmed to

25 3520.50°C. The heart was electrically paced at a fixed cycle length of 340 ms (250 beats/min)
using a bipolar electrode place on the left atrium. The electrical stimuli were generated by a
Grass stimulator (Model S48, W. Warwick, RI) and delivered through a Stimuli Isolation Unit
(Model SIUS, Astro-Med, Inc., NY) as square-wave pulses of 3-msec in duration and
amphitude of at least twice the threshold intensity.

30 Coronary perfusion pressure (CPP) was measured using a pressurc transducer,
connected to the aortic cannula via a T-connector positioned approximately 3 cm above the
heart. Coronary perfusion pressure was monitored throughout the experiment and recorded

either on a chart recorder (Gould Recorder 2200S) or a computerized recording system
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CorrpoundumSl edrorany) ¢ asotilationoasl ALV m@m corlubigiMime av $d imerval prolengaionon of
S-HinGgLYdlieddd, 9! srégz%a R il heants t(1'1—453() %urﬂ%ctz f vax\?usogpn%zgtrsatmns (100 - 400
20 nM) of CVT510 (Insert chemical name), an A, adenosine agonist (Snowdy et al, 1999), on A-
V nodal conduction time was determined and compared to that of Compound 18 (0.1 -
30uM).
The concentration-response curves for Compound 18 to increase coronary artery )
conductance and to prolong A-V nodal conduction time or S-H internal are shown in Figures
25 1 and 2. In both rat and guinea pig, Compound 18 increased coronary conductance in a
cci:oncentration dependent manner. The potencies (EC,, values) for Compound 18 to increase
cdronary conductance in rat hearts was 68.9+9.6 nM, and in guinea pig hearts was
203+22nM. In contrast, the effect of this agonist on S-H interval was somewhat variable
between rat and guinca pig hearts. In rat hearts Compound 18 did not prolong A-V nodal
30  conduction time (Figure 1), whereas the A, AdoR agonist CVT510 significantly prolonged the
A-V nodal conduction time (Figure 3). Compound 18 at concentrations at high as 50uM

caused no prolongation of S-H interval in guinea pig hearts (Figure 2).
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pig striatum Materials: Rats (Sprague Dawl ey) were purchased from Si nonen.
Farm pi gs were obtained from Division of Laboratory Ani mal Resources,
Unbversity of Kentucky. ConpoundExddiple@npound 18, Oorrpound 21, and
Corrpound of this invention were prepared a ri bed in the nethods
above. 28" HEY P ageéhgnﬁ‘{eéﬁrlme ﬁ"gs TENG, 2N AMHRE 345, t he
speci feumhsmbaﬁvevmfhe h.fflirﬁtyl (RS 64 g1y aﬁdeahrmmecbfrhcboh 6@& Qraa&ﬁﬁme\{@@p%m was
prepaggg&gs des rlbed in the literature (K. Niiya et al. Med. Chem 35:
4557 Pegoficallyctheryms of Whesstysdn wﬁr;SS‘Ediefqr@meRb%%@ns@@emm@w s, Inc.
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Bi ochem cal s, Inc. CA was a gift from 25 Professor oria Crlstalll of
uﬁﬁveﬁs«u&dyRoagoemﬁ%m ms lswlmﬂyheammsd heestetiagre pips: anktherafimityeef tbesechased

from Xyl azi ne was purchased from Bayer. Sodi um
pent OE%;“E F WS purcl?g%ala rPmom The Butler Co. Phenyl ephrine was
pur chased Ma(umﬂs g RatsIbpRgua Dawleyy hascplirfrased Sorgriimanmsh. Farm pigs were

obtained from Division of Laboratory Animal Resources, University of Kentucky. Compound

12, Compound 18, Compound 21, and Compound 13 of this invention were prepared as
20  described in the methods above. YT-0146 was prepared as described in U.S. Patent No.
4,956,345, the specification of which is incorporated herein by reference. WRC-0470 was
prepared as described in the literature (K. Niiya et al., J. Med. Chem. 35: 4557-4561 (1992).
CGS21680 was purchased from Research Biochemicals, Inc. and Sigma and R-P1A (Lot No.
WY-V-23) was purchased from Research Biochemicals, Inc. HENECA was a gift from
25  Professor Gloria Cristalli of University of Camerino, Italy.
‘ Anesthetic agents: Ketamine was purchased from Fort Dodge Animal Health.
xflazine was purchased fromn Bayer. Sodium pentobarbital was purchased from The Butier
Co. Phenylephrine was purchased from Sigma. DMSO was purchased from Sigma and
American Tissue Type Collections. Krebs-Henseleit solution was prepared according to
30  standard methods, and 0.9% saline was purchased from McGraw, Inc.
Rat isolated perfused heart preparation
Adult Sprague Dawley rats of either sex weighing from 230 to 260 grams were used in

this study. Animals were anesthetized by peritoneal injection of a cocktail containing

kétamine and xylazine (ketamine 100 mg, xylazine 20 mg/ml). The chest was opened and the
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85 mmHg (in the absence of drugs) were used in the study. Coronary conductance (in
ml/min/mmHg) was calculated as the ratio between coronary perfusion rate (10 ml/min) and
coronary perfusion pressure.

Anesthetized open-chest pig preparation
20 Farm pigs weighing 22-27 kg were used in this study. All animals received humane
care according to the guidelines set forth in ‘The Principles of Laboratory Animal Care”
formulated by the National Society for Medical research and the "Guide for the Care and Use
of Laboratory Animals" prepared by the Institute of Laboratory Animal Resources and }
published by the National Institutes of Health {NIH Publication No. 86-23, revised 1996). In
25  addition, animals were used in accordance with the guidelines of the University of Kentucky
Injstitutional Animal Care and Use Protocol.
| Anesthesia was anesthetized with ketamine (20 mg/kg, 1.m.) and sodium pentobarbital
(15—18 mg/kg i.v.). Anesthesia was maintained with additional sodium pentobarbital (1.5-2
mg/kg, i.v.) every 15-20 minutes. Ventilation was maintained via a tracheotomy using a
30  mixture of room air and 100 % O, Tidal volume, respiratory rate and fraction of O, in
inspired air were adjusted to maintain normal arterial blood gas (ABG) and pH values. Core

body temperature was monitored with an esophageal temperature probe and maintained with a

hgating pad between 37.0-37.5°C. Lactate Ringers solution was administered via an ear or
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To determine the duratlon of the A,,adenosine receptor mediated coronary vasodilation
20 caused by adenosine and adenosine receptor agonists, the agonists were administered
interveneously by bolus injection. Protocol: Bolus injections. In each heart of this series (3
to 11 hearts for each agonist), boluses of adenosine (20 ul, 2x 10*M), Compounds of this
invention (20 to 40 pl, 2x 10”* M), and other adenosine receptor agonists were injected into
the perfusion line. The times to 50% (¢ 0.5) and 90% (¢ 0.9) reversal of the decrease in CPP
25 were measured. Each heart was exposed to a maximum of three vasodilators.
Relationship between affinity of various agonists for A,, adenosine receptor and the
reversal time of their effect to increase coronary conductance: These experiments were
pcrformcd to construct the relationship between the affinities of the vanous agonists for
A;,adenosine receptor and the duration of their respective effect on coronary conductance.
30 Boluses of various agonists were injected into the perfusion line of rat isolated perfused hearts
(n=4 to 6 for each agonist) and the time to 90% (¢ 0.9) reversal of the decrease in CPP

measured. The affinities of the various agonists for A,, adenosine receptor was determined in

pig striatum membranes using a radioligand binding assay, as described above. The reversal
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i n CPfinfusionof adshosifib agaidis protined vafyiigdegrerk b0 siteddO Rirsdiénsioal arfl henc@denosi ne

recept.org\é\/@]}ﬁdet ermned in Cgiblg striatum nmenbranes using a radioligand ,
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Results

Adenosine, the compounds of this invention and other adenosine derivatives were

20 given as boluses into the perfusion line at concentrations that cause equal or near-equal

increases in coronary conductance. Although adenosine and the agonists caused equal

maximal increases in coronary conductance the duration of their effect was markedly
different. The duration of the effect of adenosine was the shortest followed by Compound 18, }

Compound 12 and Compound 21, whereas that of CGS21680, YT-146, HENECA and

25 WRCO0470 were the longest. The durations of the coronary vasodilation caused by adenosine,

th;: compounds of this invention and other agonists measured as the time to 50% and 90% (¢

0.5 and t 0.9, respectively) reversal of the increases in coronary conductance are summarized
in Table 4
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He no Qyi&eepiar agﬁﬂ&!ﬁjﬂ&rérh@%ferfnmﬂel{mmor to and following the initiation
of tHRe phergorishri ne i nfusi on a0.5 (gasp oiuy(ﬂm@’kg/rrhn fhe phenyl ephrine

I nf UEWH—H@—&”H fHollowing fthe 15 i hf usi ons of the
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2003 WO 00/ 78778 Agoni st10.5 (mn)t 0.9 (m n)o Adenosi nel. 060. 15. 60. 811
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derivatives for brain striatum A,, receptors. There was a significant (P < 0.05) inverse
relationship (r = 0.87) between the affinity (PK,) of the agonists for the A,,AdoR and the
10 reversal time (t 0.9) of the coronary vasodilation caused by the same agonists.
Coronary vasodilation in an open-chest pig preparation
In in situ hearts of an open-chest anesthetized pig preparation Compounds 12 and 18
of this invention as well as CGS21680 and other A,,AdoR agonists (i.c., WRC-0470 and YT-
146) caused significant increases in coronary blood flow (CBF). Selected doses of these
15 compounds given as continuous (4 to 5 min) intracoronary infusions caused 3.1 to 3.8-fold
increases in CBF as set forth in Table 3, below. Once established that all agonists caused near
| the same magnitude of increases in CBF (i.e., "fold increase™) and cause similar changes in
heart rate and mean arterial blood pressure, the reversal time of their respective coronary
vasodilation effects was determined.

20 T;ble 4. Magnitude of Increase in Coronary Blood Flow Caused by Various Adenosine
Rgceptor Agonists in Open-Chest Anesthetized Pigs

| Agonist CBF ("Fold Increase” n
Compound 12 (30pg/kg/min) 3.78+0.70 3
Compound 18 (50ug/kg/min) 3.33+0.58 3
WRC-470 (1pg/kg/min) 3.1410.24 6
GSC21680 (2p1g/kg/min) "3-.54i0.093 3

3

YT-146 (1pg/kg/min) 3.4410.47




YT- 14617. 71. 028. 54. 03 Conmpound 124.10. 39. 81. 44 Conpound 183. 40. 5BJ4BEQ 42003
WRC- 047021. 90. 927. 91. 46 Conpound 218. 30.412. 60. 44 41 PCT/USOQ 17095 Tabl e
4 - ReverwelgoFsme O Coronary Vasodil ati on by Adenosi ne angcaasomsiosse
receptor a onists in Rat Isolated Pesfused Hearts Tinme (in mnutes) to 50%
and 90% (t 0.5 and t 0.9, respectively) reversal of the increases in
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det er randdfl anéithefiadd 6pest.chddagiy pregheatitins] ncrease in Coronary Bl ood FI ow Caused

by Var,jous Adenosi ne Agoni st CBF ("Fold |ncrease'
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( 165/ k ists in Open-Chest Anesthenzed Pigs :
Agonist 1,5 (min) t o9 (mMin) n
Compound 12 (30pg/kg/min) 2.3+0.6 9.6£1.0 3
Compound 18 (50pg/kg/min) 3.1x0.9 12.0+1.0 3
WRC-470 (1 pg/kg/min) 9.5+0.8 22.5%1.6 6
GSC21680 (2pug/kg/min) 9.7+0.8 21.410.8 3
YT-146 (1pg/kg/min) 17.8. +3.4 32.9+5.6 3

Time (in minutes) to 50% and 90% (t o and t ,,, respectively) reversal of the increases in
coronary blood flow caused by adenosine receptor agonists. Values are the means + SEM of
one or two determinations in each animal (n).
20 Compound 18 is a low affinity A,, AdoR agonists and less potent (- 10-fold) than the )
prototypical agonist CGS21680. Nevertheless Compound 18 is a full agonists to cause
coronary vasodilation. But, as shown in this study the duration of its effect is several-fold
sﬁoﬂer than that of the high affinity agonists CGS21680 and WRC-0470. Hence, Compound
18 is a short acting A,, AdoR agonists coronary vasodilator. Because of their short duration
25 of action in comparison to the high affinity A,,AdoR agonists (¢.g., WRC-0470, CGS21680)
this low affinity but still full agonist coronary vasodilator may prove to be ideal

pharmacological "stressor agents” during radionuclide imaging of the myocardium.




GSC21680 (2g/ kg/ m n) 3.540. 0933 YT-146 (1g/ kg/ m n) 3. 440. 473 Race TfprDEﬂc 2003
oni sts in Qpen-Chest Anesthetized Pigs 1 7 DEC 2003 WD 00/ 78778

PCL7US00/ 17095 42 Maxi mal "fol d-increase"” in coronary-blood flow (C3F)
above basel i ne caused by various adengsine receptor agonists. Data
represent mean SEM of one or two neastrenents in each pig (n). 5 As
summari zed in Table 5 thet o.,. and t ., of coronary vasodilation caused
by the various A2,, AdoR agonists and "CVT-conpounds" was vari able. The
reversal time of the increase in CBF caused by Compounds 12 and 18 of this
i nvention .than that of CGS21680, WRC-0470 or YT-146. More

i nportantl ;‘;Whgg@pgfaﬁ[s.i sol at ed perfused hearts, there was a significant
(P < 0.05) inverge & edrapdund dbvim the formuld; 93) between the affinity (PKi) of
the 10 A2AAdoR agonists for pig brain striatum A2A receptors and the
reversal tinme (t 0.9) of corgpary vasodilation. There was an excel |l ent
concordance between the revergsal tine of the coronary vasodilation caused
by a sel ected nunber of agqups 'N\%rat i sol ated perfused hearts and in

anest heti zed open chest pi ions. Table 5. Reversal Tine of
Coronary Vasodil ati on u b i ous Adenosine 15 Receptor Agonists in
Open- Chest Anesthef+i\d i s Bgonistt td.., (min)t 0.9 (min)n Conpound 12
(30.tg/ kg/ m n)2.30. 69\g% 03 Conpo 8 (50gg/ kg/ mi n) 3.10. 912. 01. 03 WRC- 470
(I p.g/kg/ mn)9.50.822.51.66 GS (2.tg/ kg/ mn)9.70.821.40.83 YT-146 (1
.9/ kg/mn)l7.8. 3.432.95.63 Tinme ( taqutes) to 50% and 90% (t (,_, and t
,f respectively) reversal of the ijicreases in coronary blood fl ow caused
by adenosi ne receptor agoni sts.*Values are the neans SEM of one or two
determ nations in each aninmal (n). 20 Conpound 18 is a low affinity AVAdoR
agoni sts and |l ess potent (- 10-fold) than the

wherein
RZ is selected fram the group consisting of hydrogen, Cy.10 alkyl, phenyl substituted Cy.1 alkyl,
cyclohexyl substituted Cy.10 alkyl, Cy5 alkenyl, and pheny! substituted C,.10 alkyl wherein the
phenyl group is additionally Cy4 alkyl substituted.
2. The compound of claim 1, wherein R? is C1.10 alkyl.
3. The compound of claim 1, wherein R? is phenyl substituted Cy0 alkyl.
4. The compound of claim 1, wherein R? is cyclohexyl substituted Cy.iq alkyl.

5. The eampound of claim 1, whersin R? is C,; alkenyl.

6. The compound of claim 1, wherein R? is phenyl substituted C,,, alkyl wherein
the phenyl group is additionally C,4 alkyl substituted.

7. The compound of claim 1 wherein the compound is selected from:




prototypi cal agonist CGS21680. Neverthel ess Conpound 18 is a full 7aBEQi 20p3

to cause coronary vasodilation. But, as shown in this study the duration

of its effect is several-fold shorter than that of the high affinity

agoni sts CGS21680 and WRC- 0470. Hence%4C0npound 18 is a short acting AZA

AdoR agoni sts coronary vasodi |l ator. BeCause of their short duration 25 of

action in conparison to the high affinity A2AAdoR agonists (e.g., WRC- 0470,

CGS21680) this low affinity but still fuII agoni st coronary vasodi | at or

may prove to be ideal pharnacologlcal "stressor agents" during

radi onuclide im the nyocardium 1 7 DEC 2003 43 What we claimis:
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1. A cor$ddRER -2 bbenzylayrazatfeirrin Svika-{hydroxpmelaylisiclanehd-digk gr oup
consi sting of hydrogen, Cl.10 al kyl, phenyl substituted C1.10 al kyl,

cy S A AR SRS BS eo E BE oS Ry =

substituted. 2. The conmpound of claim1, wherein R2 is Cl-10 alkyl, 3. The
COWOU“34§T2R<§J SRR %G-a szm-ﬁne a%ol ﬂ)fin -‘tiwdF :%éth%xé\@neaj Il 4 Tge

conmpoun erern ohe subst tuted 10 al Ky

The conmpound of claim 1, wher e| n R2 |s c1,,3 aI kenyl . 6. The corrpound of
clai m 1,(48/28(3K, ER)-RZ6-lamm#?e{h—yrhetbyluhyllpvmdd—ymiurm@yﬂﬁKWdrmp’émmxolam@.ﬂidi;ﬂ:yI
group is additionally Cl-4 al kyl substituted. 7.. The conmpound of claiml

(45 2R, 34&@%&)‘33?@?@%’@ﬁh?m%?ﬁﬁé%%wfgin%%wzaﬁwqﬂ%ﬁ sironmesigrakngdde: ny)

) oxol ane- 3, 4dj 9
(4S, 2R, 3R, 5R) - %6- ani no- 2- (1- pentylpyrazol 4-yl) purin-9yl]-5. hydroxynet hyl)
oxol ane-3,4-diol; (4%, 2R 3R

R} - 3 [|6 u&aﬁ&ps%f@)az-{ﬁamm&&Kétmwluemytmmbwpmn]&;ﬂ-sam;dmxymﬁvﬁdxplameai4+ ane-
3,4dio 4S, 2R, 3R, 5R

-2-(6- anlng ZmP 1- (et hyl et hyl ) pyrazol - 4-yl } purin-9-vyi)-54hydr oxymnet hyl ) oxol
ane- 3, 4-di ol -

(4S, 2R, 3 #smﬁm%m ip;lrazoé&ylamwymwbwéfr@mbramumrI n-9-yl}-5-hy

dr oxymet yI)oonane

(4S,2R,3R,5R}-2-{6-amino-2-{1-pent-4-enylpyrazol-4-ylpurin-9-yil-54hydroxymethyhoxolane-3,4-diol;
(4S,2R,3R,5R)-2-(6-amino-2-{1-decylpyrazol-4-ylpurin-S-yl}-B{hydroxymethyljoxolane-3,4-diol;

(4S,2R,3R,5R)-2-6-amino-2{1{cyclohexylimethylipyrazol-4-ylipurin-9-yi)-5{hydroxymethylloxolane-
3,4-diol;

(45,2R, 3R, 5R}-2-{6-amino-2-{1-{2-phenylethylipyrazol4-ylpurin-8-yl)-5-(hydroxymethyl)oxolane-3,4-
diol; |

(43.2R,3R.5R)-Z-l&arnlno-z-n-(a-cyclohexylpropyl)pyrazdm-yl]purin@-yl}-S{hydroxymethyl)oxolane-
‘ 3,4-diok; '

(4S,2R,3R, 5R)-2-({6-amino-2{1{2-cyclohexylethypyrazold-ylipurin-O-yi}-5-{thydroxymethylloxolane-
3,4-diol, and mixtures thereof.




4S, 2R 3R, 5R)-2-(6-amino-2-[1-(4 17
'E- but yl benzyl) )pyrazol -4-yl | purin-9-yl }-5-(hydr oxynmet hyboxoi ane- 3. 4-DE;1C| cgpua
(4S, 2R; 3R, 5R) - 246- am no- 2- pyrazo _

4-yl purin-9-yl)-5-(hydroxynet hyl ) oxol ane- 3, 4-di ol ; _ _

(4S, 2R 3R 5R)-2-(6-am no-2-[ 1- pent - 4enyl pyrazol - 4-yl } purin-9-yi)-5-(hydroxy
nmet hyl ) oxol ane- 3, 4-di ol ; .

(4S, 2R, 3R, 5R) - 2- (6-am no- 2-[ 1-decyl pyrazol -4yt purin-9-yl } - 54hydr oxymet hyl )
oxol ane-3,4-dial; (4S, 2R 3R 5

R) - 2-t 6- am no- 2- (1- (cycl ohexyl net hyl ) pyrazol -4-yl | purin-9-y11-5-(hydro
xynet hyl ) oxoi ane- 3,4-diol; (4S, 2R 3R 5R}-2-(6-ﬁn}no-2[[1dzép4 4 ol

henyl et hyl ragol-4 i n- 1) -.5- ( hydr axynet oxol ane- 3, 4- ;

(45 2R 3k, SR - 25 K4k 2 Bitbbqlad allk gtk (r Mol LA oA Rl A sHiosmant fro- 1 ) -
5-{ hydr ox i e S P ERIE = 2=

1- {2 %:lycl o%ﬁ‘f@”g%f@w :“ai?jq"ﬁt?g‘?’ﬂlﬁﬁ nﬁ:ﬁm@ﬁ %tr%@gh%ﬁ%aatrza 3&3‘/@3%? 8)a<8l[yl ane-
3,4-dioi, sieal situationfersthe parpeses.of ImagirgHte BGHB 45 8. Use of a conpound
according to claim1 in the preparation of a nedicanent for stinulating
coronary vasodilatation in a mammal to stress the heart anﬂ inducg aTh

cor onar st eal gsi J - O : i ing the heart. 9. e use
of clai )r/n 8 vvhergi pl-h‘!f'jﬂgeé %ﬁfi"r@lg ‘%@?%ﬁ%ﬁﬁ%&ﬁi'gak armaceuti cal conposition
conprising the conpound of claim1 and one or nore pharnaceuti cal

exci pients, 11. The pharmaceutical conposition of claim1l0 wherein the

phar maceut i cal 1@ofpbaimaceuticabeampositien Eamprisiig the swhpeuundof cldidh. 1 dideone o
phar maceut | C osition of.claim10 wherein the conposition is useful as
an anti -ih‘?’ﬁé’rﬁ%@ﬁeu*%?aﬂpﬂﬁ?g’i ve therapy with angioplasty, as a

pl atel et aggregation inhibitor, and as an inhibitor of platelet and

neut rophi |l activation ) . . ) )
11. The pharmaceutical composition of claim 10 wherein the pharmaceutical

composition is in the form of a solution.

12. The pharmaceutical composition of claim 10 wherein the composition is useful as an
antrinflammatory, in adjunctive therapy with angioplasty, as a platelet aggregation inhibitor,
and as an inhibitor of platelet and neutrophil activation




