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POLYCYCLOALKYLPURI NES AS ADENCSI NE RECEPTOR ANTAGONI STS CRAIZSMREFBHRENCE TO :
RELATED AMPRIMELTY ONS This application clains priority fropctiuSoo/Posyi si onal |
Application Serial No. 60/165, 191, filed on Novenber 12, 1999. BACKGROUND ﬁ
OF THE | NVENTI ON The invention relates to antagonists of th m‘ i m“m I
receptors and net hods of making and using the sane in the tmmm mﬂmnm
di seases. Adenosine is an intracellular and extracel | ul ar nmessenggge '
generated by all cells in the body. It is also generated extracellularly by
enzymati c conver $bNTychohUKYSPURINES NS AbENOBGE RECEPFOR SHrTABYRI LTI ansnenbr ane

G protein coupled receptors, eliciting a variety of physiol ogi cal

responses. Adenosine itself) substances that mmc the actions of adenosi ne
(agoni sts), and subGROBSREFERENCYTDOREEATED APBLRCATIGNS | mor t ant

clinical applications. Adenosine receptors are divided 1nto four known

subt ypes (i . eThis application clairgs prigrity fom U:Bh Benyissaniat Applicagion SetialiNoque and

sonet i-ne i f i ion of the adenosine A receptor, for
exanpl e,&érﬁgﬁigﬁ%ﬁeﬁ%@%@bﬁﬁ% l\r/g}%al vascul ar resistance while activation

of the adenosine Az8 receptor elicits a decrease in renal vascul ar

resi stance. In nost organ systens, periods of netabolic stress result in
significant increases in the concentration of adenosine in the tissue. The
heart, for instance, prod@BACKGROUND GFEHEINNENTIONe to nedi ate adaptive
responses to stress, such as reductions in heart rate and coronary

vasodi | at at i cThe ibvéntiongelates tiearusganistcafitheadenaginoreseptorskind mathodsnf ease i n

response t.q h xi.a, .met abol jc stress d many nephrotoxi c substances. The
ki dneys %?@%Ef%ﬁ%‘&%‘%&é‘ﬂ&&%&‘%ﬁ%%? %AS%Sy. The ki dneys adjust the

amount of congddnbsihe KN inREQUUREL dnd@ BRRREINUIE héksHgdPbedePattd B% LR L8 in the

glomerular filtration and el ectrol yte reabsorption. "Regardinhg contro
gl oner ulkedyf ltis nise generated exwacellvlarly by sozymatic penvessiom afidenosinedrindstoandon  of

afferent_ar ' ' thvation of, A2, receptol.s leads tq dilatation
of effer® ﬁf’}’tg{ %c&%f%%én%ﬁcv%pﬁéﬁ%ogwgg d recepiop, ?‘6?‘@“%9’ arety 6’?ex ert

vasodi | ghgkiplogidabressonses. t Adenakine iself, sabstaiceOihet miiRthe Adtionb Of 8ddrRsine Of
activation of these, gl onerul ar adenosi ne receptors is to reduce -1 *cooooz*

WO 011 34egenisty), and\subsiancesthat arisgpmize ksactionshs Vs importanticliniqabspplisatonsi n

addi tion ~ ' Ldv:t.he proxi,nal bul nd
i st al v PR ERARLRSE BERAD BhAddrh LG £ & Ehi e and A5 o Frd?

r eabsor pubtypes ¢livinunignetant sbmetinesroppositg @ffects.n dktivationwfithe\glenbsine faf,ect s of
adenosine on these receptors will produce a rise.in glaonmerular filtration
rate a_nde%ﬁ_i’tqrng’l' &@Frﬁ’é‘&ﬂfﬁfﬁ%@@é E{’Fﬁﬁ.v%mt@“ﬂm@qm@f%e

i nvent i Qehssindag S fecePtok BRcit SERYELY ir refdl @%ﬁﬁg%}%&@ Formula | are

unexpectedly highly potent and selective itors of particular subtypes

of adenosi ne Inmeaspergrr systemes; periods efimeghmiic stressoesultin significant incrdabes in

ti /.Of. L of i i_ncl udi di d
Er Fout auBF o aciohioR RadHoRins 3 o FEL, Doty 0 Fistans ettt il
systen) adefigsireab dicdiaté SdHpEOE Fesparsds fPsess]ise@ARIEdiclibnIVH Keardhis'aBli C

treatment is suitable, In one enbodiment, the:invention features a conpound
of f or msozenary vasodilatation. Ldkewise: adengeinegancertratiens in kidhepe ingeeas in response))

hydr ogen; | .Qf t : rgon or,. al kyn of not
"2ss 't iy hapord Betaboft SEE anl mdlinch il WsrinG Theiarhe g Hronef .
unsubst iddehesiheconstiativedy.f Thekidaeys ddpatitheiabbuinef chstitati eels phsduckdient s
sel ected from thdrdox , al koxy, am no, al kylam no, dialkylan no; .
adenosine 1n order to regulate glomerular filtration and electrolyte reabsorption. Regarding
contro] of glomerular filtration, activation of A, receptors leads to constriction of afferent
arterioles while activation of Aj, receptors leads to dilatation of efferent arterioles.
Activation of A, receptors may also exert vasodilatory effects on the afferent arteriole.

Overall, the effect of activation of these glomerular adenosine receptors is to reduce
-1-
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het er ocycl yl, acyl am no, al kyl sul fonyl am no, and heterocycl yl carbonyl am no;
or c) aryl or substituted aryl; R3 is selected tomthe groypp qagsyesfi ng of:
(a) a bicyelie, tricyelic or pentacyclic group sel ected

OL/ 3610 WOOIBFG0 ¢+ 7 - v yps 1Lt '1.1t.; V -trI"E?I'%S"I’?I"S%z MAY
200 PCT/US00/310~8 Ot O ~/. r rVt where the bicyclic or tricyclic group
can be yns ' c URCLEORShE Z8dpidtd 4 Qfin RN titents
sel ecte W@%bg&ﬁ%ﬁ%‘}f) ﬂﬂ‘?‘@i“ﬁg‘ ',Q?anﬁ aktyny?; vmeegjél'gteea(lz?l alrﬁgﬁﬁgal kenyl ,
or al ky mybulgarmigisahtubbler sites uAstivatiohed these reseptbes stimuddtesosediun eckbsdrplionne or

nore substituents sel ected fromthe gro nsi stj ng .of

(ani no) (1eE) ey errlamyﬂcar%s% ‘)IT"’(@?E ‘ﬁgfﬁoﬁéi aﬁgdea%em Higse receptors
(hydr oxy): I r I I A&y ;

al kenyl &fl%@é}n&%%‘?ﬁg?ﬂ %‘I’ﬁ%@ﬁfgﬁ oxyrg%r gﬁgf‘%{“% ékl§/l am ‘%gglx‘f(rﬁlg?ﬁ . no,

al kyl phosphono, al kyl sul fonyl am no, carbanoyl, Rs, R5-al koxy,

RS- al kyl am no, cyano, cyanoal kyl carbanoyl) cycl oal kyl am no, di al kyl am no,
di al kyl am noal kyl am no, di al kyl phosphono, hal oal kyl sul f onyl anm no,

het erocycl yl al kyl am no, he$¥ ?é oxy,

a

hydr oxyal kyl sul f.onyl .am [ #11 io! ' al | ryl am no,
substituted %I'&‘é%%%sarﬁ%ﬁ%éz%%@%ﬁ? Jwgﬁgg{bﬁ%@ggaﬁglﬁ%ﬁ} %Iresul f onyl am no,
subst i t yheghddRUBr Kighly/petent drd seleativwinthibitorsaofopatticufar subtgpestdiptienasine( b)

(al koxycar bonyl )aral kyl car banoyl ,, al df:uqyd‘(_)n,s al kenoxy, . al kenyl sulff onyl am no,
al koxy, redeptony cARERATYE anABRIIFE BATHBABSFIUl 1T PSRN OB IRA Grsrgment 0

Ky o R R s PirkiMbi LM i AoRPdis ARG HL AN bikbraRfuTTRY |
am noal anoyl.;” am nodl kyl heterocyc al kyl car Bbanoyl)

am nocy Gep@alghal gyasm, respidaydry disbelersy knd manydissasésofat kyhichaditretio yreatment
ar al koxycar bonyl am no, aryl heterocyclyl) aryloxy, arylsulfonylam no,
aryl sul fIS)PI-yFa@IPy,. car banoyl, carbonyl, -R5, Rs-alkoxy, Rs-alkyl (alkyl)am no,

RSal kyl al kyl %k g?gﬁfbbdin@ﬁc%iﬁbéi{ﬁoﬂ%aﬁ%s akbmpsaidasteithula®S- al kyl sul fonyl)
RS -3 WO OL73 12 MAY 200 PCT/ USQ0/ 31058 al kyl sul f onyl am no,

RS- al kyl t hi 0o, R3-heterocyclyl carbonyy', cyarm, cycloal kyl am no,
di al kyl am noal kyl car bamoyl, haj} ogen, Jj het erafcycl yl, heterocyclyl al kyl am no,

hydr oxy, oxi m no) phosphate, su'Bs»m u al kyl am no) substituted

het er ocycl yl ) substituted heterocyclyl sl f(})&ard-nm, sul f oxyacyl am no, or

t hi ocarbanoyl; and (b) the tricyghic g . '
X

T
Re @
In formula I, R; and R; can, independently, be:

N

a) hydrogen; _
b) alkyl, alkenyl of not less than 3 carbons, or alkyny! of not less than 3 carbons (e.g.,
where the alkyl, alkenyl, or alkynyl can be unsubstituted or can be functionalized with one or
more substituents selected from hydroxy, alkoxy, amino, alkylamino, dialkylamino,
heterocyclyl, acylamino, alkylsulfonylamino, and heterocyclylcarbonylamino; or
c) aryl or substituted aryl;
R; is selected from the group consisting of:
(a) a bicyclic, tricyclic or pentacyclic group selected from:



where the tricyclic group is functionalized wwth one or nore substitents
sel ected fromthe group consisting of (a) alkyl, alkenyl) aa @#?ﬁ&@
wherein each alk% al kenyl, or al kynyl group is either uns d or
funet i onaVOA3B4%0% h one or nore substituents sel ected t omHHEYPEHE

consi sting of (am no)(RS)acyl hydrazi nyl carbonyl, (am no) (RS)acyl oxycar boxy,
(hydr oxy) (car boal koxy) al kyl car banmoyl ) acyl aldehydo,

al kenyl sul f onyl am no, al
al kyl phosphono, al kyl su

, al kyl agi noal kyl am no)
, ' Rs, oxy,
i oal k , dial kyl am no,
di al kyl am noal kyl am no/Adi al kyl phosphono;./} | I cyls am no, _

RS- al kyl am no, cyano,

het er ocycl yl al kyl am no, heterocyclylcarbann I') "hydroxy,
hydr oxyal kyl sul f onyl am no .
substituted aryl carbox tituted heferoaryl sul fonyl am no,
substituted heterocycl i ' trif - thyl; and (b)

(al koxycar bonyl ) ar al &xf—c
al I cenyl sul f onyl am rfo;
al koxycar bonyl am no, al
am noal kyl ar al kyl car ba
anlnoalkylheterocycly .
am nocycl oal kyl al kyl @ cl oal kyl car banoyl

ar al koxycar bonyl am no, ary QLY CNY af. X, arylsulfonylanlno

aryl sul f onyl oxy, carbanoyl) carbonyl -RS RS- al koxy, Rs-al kyl (al kyl ) am no,
Rsal kyl a nyl ,
S ! 2 MR or ot e IR O R B
VAY 2004ot/ﬁo®&£®$ﬁtbﬁtsl§éﬁ¢tb$ﬁﬁm’31058 cycl oaI kyl am no

o i Mo oo (AT ARTONiand ADRIT T i A alfseyt ST AR Brbp Ry ey

substituted het epfayginted H} ééﬁrﬁé' tﬁH&t%ahiéd' WA URECH! rﬁ&?e@ﬁbst&ﬂéixé él:‘lé&@cf HGHSDW
R,, can be hydro en, C ~-alkyl, C .~-alkyl-COZH, or phenyl; where the

Cl.~-alkyl, C. ngqnpmﬁunganfdarphmbﬂls)agylhmhazmahamnylnsubst|tut ed or can

P Lt om0 b oS B B AR SO o

one, two, three,al@éhydd) dkényhalfoiyianin®, alkeky, kot 1a11@1tmmamylanuh8, and
-NO ; RS can be -CHZCOO—|§H CFsﬂon HNHSOgéCF3) - CONHOR4, - CONHSCzRa,

_ CONHSO NHR~, - cilkylphespbends alkyly 2R Rs- qikmﬁz- kyll&mem

- NHSO02NHCOR4, P03 SQOZNHRd;

- SO3NHCOR4, - so%%@%%%?”‘g%%ﬁf‘%@ ol W‘*‘a"‘ﬁ%ﬁts HNNNi M j
F~'~ ~ ~° {\I{-| ndlalky}dnnhod}k}ﬂhmmb\dxhlkylﬁhokpliohbIhaﬂbalk};i(suifoNéld%mb ~ H ?}/ ii. ~
O rN NON N~ ~ ~~ ~ an arecosen
from oxygen (O 1&‘?‘30%Xﬂhlﬁ‘ln%hﬁﬁwcﬁgq;a%&ﬁﬁgﬁﬁy’ -0, -(CH2), 3-)
-Q(CH2) , - lam#e; exm - (IHGYpHono; dubktitited WCH

and R6 can be hy rogen)kyzil kyIE, acyl , <y| sufonyl aral Kyl, substituted

aral kyl) substi tmbemaldwylscarbmxmaqoaymwwlsubsmaeﬂ be!prqandmdfdnyld!l;&doogen
However, when %sdbmt%drﬂé{crocyc@'[]?}ugggrng%gyl Xndr m%oromethyl or

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

) 'bonyl al kyl.canhanoyi ,
m no) aldyl suI f onyl oxy, am no)
| ’

alkoxy, alkoxycarbonyl, alkylcarbamoyl, alkoxycarbonylamino,
alkylsulfonylamino, alkylsulfonyloxy, amino, aminoalkylaralkylcarbamoyl,
aminoalkylcarbamoyl, aminoalkylheterocyclylalkylcarbamoyl,
aminocycloalkylalkylcycloalkylcarbamoyl, aminocycloalkylcarbamoyl,
aralkoxycarbonylamino, arylheterocyclyl, aryloxy, arylsulfonylamino,
afylsulfonyloxy, carbamoyl, carbonyl, -Rs, Rs-alkoxy, Rs-alkyl(alkyl)amino, Rs-
alkylalkylcarbamoyl, Rs-alkylamine, Rs-alkylcarbamoyl, Rs-alkylsulfonyl, Rs-
«3-



substitucnt, the conpounds can be highly selective for inhibi 1-QOMA\Of2m4
adenosi ne M) or/eweptors. In certain enbodi nents, R~ and RZ\; 5@/51958 sane
or different al kyl groups (e.g., one or both can be n-propyl]). can be
aral kyl substituted with -OH,_-Owe, or -halogen; -nethyl; or 3

hydr oxypropyl, and lﬂ-ﬁﬁﬂbm%iRn@Ille'lﬂhmﬂs-hbmrmymlcﬁfHaﬁﬁi, SRAbS) R3 can be:
-5 WO O1/ 3. 1610 c%gl Waﬁ'q()él P@{IU%O%P~% and can be unsubstituted or
can be functional i Q4w tapinto, dialkylagnealkyicar amoyl, halogen, hetenooyadyl,

subst et s such hewrhyduaylafihe, ol oA HhossHle st R A 2"

5- (2, 6- Di oxo- 1, 3- GRRFSeE hetewepelyl, substinteddreceradychsul fonyaminb: bi cycl o[ 3. 2. 1] o
ctanel-carboxyl i c a@id; . . .

8- (4- Hydr oxy- bi cyé?fg‘t’%a?lﬂb“& orthipearbameyhiand v - 3. 7- di hydr o- puri ne2, 6- di o
ne; or 5-((b) themicyctic gréupdi propyl - 2, 3, 6, 7-t et rahydro- |

H puri-n-8-yl)bicycl o] 3. 2. 1] oct ane- 2-carboxylic acid. In other enbodi nents,

R3 can be: and can be unsubstituted or be functionalized with one or
nore substituents such as hydroxy, RS- -R5) Rs-al kenyl ,
al koxycar bonyl , al koxycar bonyl al kyl , ar bonyl al kenyl , hydr oxyal kyl ,

al dehydo, al koxyal kyl) RSal koxy, phosphfit e, Rs-al kyl carbanoyl, and
Rs- al kyl (al kyl ) car banoyl . Thus, the conpound’can be, for exanple,

8- (4- Hydr Sprasiheyrieystio group]infinchonalized with @b bp Ritke sibditdhd ¥elEQePHbi§R 6- i 0
ne; e y

4-(2,6-Di gl)'?gpfoggaﬁlféﬁ%fpw -2,3,6, 7-tetrahydro-1H purin-8-yl)bicycl o[ 2. 2. 2] oc
t ane- 1- car boxy(a)aliag] dlkenyl, . : ..

4- (2, 6- Di oxo- 1I(?? dllqglr opg/nly- Zan%alécy%ylf g%lﬁraehny%ffgﬂﬁbtfglfeﬁybg&%il gIAUPd$ sitbery) oc
t ane- 1- car bal dehmpbstxtuted or functionalized with one or more substituents selected from the

ane- 1-car bowyl | ¢ SarsCaite 3L CripSk Jathyirazinflearbon,D ' T <Y OL% 2 2 0¢t
3-[4-(2, 6D oxo- | ,(3mih carbox; 1S/d (leq,io ' - DI [2.2.2
Joct-1-yl]-acryli c%m??édtylr?gf’ estxé’; ; W Hﬂb?%ﬁlkyrcgrb){&)oyl%&}ﬁ;*ﬁ

3-[ 4- (2, 6- Di oxo- f,?@gaﬁgyrang pifonyianyinp catkoryy dikoxgedriimyl, miiiathinoalkylamino,

bi cycl o[ 2. 2. 2] oc - PL1QDy hd neth est.er; .

3-[4- (2, 6- Di oxo- tf%%dﬁ?ggp“?r g} fé‘?‘é@t‘%ﬁ"ﬁ‘ghﬁ%{?&"‘mﬁ% Re-afioxy; Rypliylamipg, 2 2]
oct-1-yl]-acryli @ym,dymwmmm,@yaoﬂm,mgqﬁm@; 7-tetrahydro- 1
H purin-8-yl)-bi %éﬁifﬁl 2. 2.3_@ ctnéﬁékﬂ%&)&;‘% i‘@lam ; ilfé[é-(z, 6- Dlox;)] o

1, 3-di propyl - 2, 3,6, , ~alealkylsulfangladinect - 1-yl ] - buty
ri c acid; Phosph@etesocie] ;

nmono- [ 4- (2, 6- di oxo- 1,%%95W92?e§?r8?%1¥18ﬁb%§& Bzdf%uri n-8-yl ) bi cycl of 2.
2.2]oct-1-yl] es M&p?cyalkylsulfonylanﬁno, oximino, phosphono, substituted aralkylamino,

s - LI R R A AN A

{[4- (2, 6- Di oxo- 1sibstityredReterocyclyl, thiocarbamoyl, and trifluoromethyl: and

2,3,6,7-tetrah dragl%le- puri n- 8@5 bi cycl o[ Z. 2. 3] oct ane- 1-’car bonyl ] - anm no} - a
cetic acid; 3-@11( xycirbouyl)azaikyloarbamoyitpal deinglopalkenBGNAIRéMHEl fonylamino,

2,6-Di -1, 3-dj t hydr o-,1 .
o PALERCISEL Fab C A AS
-[4- (2, 6- D oxo- y
H purin- 8-yl ) bi C¥I(!:‘l Oo%.ﬁ;?' ] oct - 1-yl o?< yil"?)f)yr:opi oni ¢ a%aillaq et g‘,’f‘bggfg},;
3-[4- (2, 6- Di oxo- ¥7H1% Ameyh agiinoaliylheteraeydlylabiieatiamaydy | ) - bi cycl of 2. 2. 2
LT (260 b et Qo iy tchtibitiy E3ltnoy ) apinocycloaliolearbamoyl,
H- purin-8-yl)-bi @yﬂqoﬁy@r&o@]amiheJaiylh]:tc?dﬂyﬂymdxylbkﬂ&ﬁﬂhfo@ﬁﬂm,l n anot her

enbodi nent, R3 cg,g ﬁ@. land c%n be unsubstituted or can bé functionalized
with one or mnor e Y ITREPRYIENH carbamoN), sar RBYlatRey Rs-alipxy, Re-alklyKalkyl)amino, Rs-

al koxycar bonyl , QW{-&W : e | gehyd n ydr oxy.
Thus, the conpouﬁléy]can be, f OP%E?%{N&IM% %Yﬁu%imoﬁ, ﬂs-a&yﬁmfgnﬂ, 5

6- (2, 6- Di oxo- 1, Ftkylrefsnylamise R iralkpithie/ R ethetedocyclylcarbonyl, cyano, |

H purin-8-yl)-cubane- 3-carboxylic acid, ' ,

8- (6- Hydr oxymet hyl cuban-3-yl ) -1, 3-di pregyd - 3, 7-di hydr o- puri ne- 2, 6-di one; or
3-[6-(2, 6-Di oxo-1, 3-di propyl 2, 3, 6, 7-t et rahydr o- 1H puri n- 8-yl ~cuban- 3-yl ] -ac
rylic acid. In yet another enbodi nent, R3 can be:




and can be unsubstituted or can be functionalized with one or nore
substituents such as Rs-al kyl) -Rs, Rs-al kenyl, Rs-al koxy, alkoxycar bonyl
al koxycar bonyl al kenyi, hydroxyal kyl, al dehydo, and hydroxy Hu 5‘%‘

exanpl e, wWwegeowasgdound can be [5-(2, 6D oxo-1, 3-di propyl - 3{:6/U500/310s8
7-tetrahydro-1 H purin-8-yl)-bicyclo [3 .2.2] non- lyloxy] acetic acid,

gn(eS I(;br/ droxy-bi Cg»(':cllgil%ylgmlzrllongxglklyl%m}‘:oajlk\?fcar{:& )Qalo?éen? h(g{err]gcg'gl?/l puri ne-2, 6-d

5(2.9,0, 060 1 & dhramnkbufnd G AN MRl ° %2 2 e
can be unsubsti t suhstituted moct}elyﬂumbsumtedhemﬂxdymlylsmifumhnnno nmore substituents
such as hydr oxy, Ikoxycarbonyl and carbonyl. Thus,
for exanple, theS% '??oxyacy%k{\m@%h@c 00/31058 VD 01/ 34610 conmpound can

be behdoeC-llC-
8-{4- Hydr oxy-7- rreatng% y " g nl ()l;aalf))llcyi: %lt(%l %OTE][ OrRhefyyl‘Xheie g‘eé:'prola/ll 3,7-dih
ydr o- pur iGhe-dkB-COdhend (phenyl groups can be unsubstituted or can be functionalized w1th one

1-(2,6-Di 1, 3- di et r ahy , 6-di
o b oy 9ie8: & Rl A it B hlordr RGeS oVl el bey !
exanpl e, bbﬂzy':l flrffidhalized WithChe! S0, GRER QF Rfbre SubsRGENRSRD 28'halRpéd, celﬁ yo&fé Ive

conpound, pure di ast ereoner, a m xture of di astereoners, oOr a
phar rracol-Ubizcim WQucept abl e addition salt. The corrpounds of this invention

can al so be d 0 s to enhance
sel ective bi g‘lijgsga;ah%lﬁ Eﬁépe?’?—?egw Egrﬁhgaﬁ 6’1‘;11' are Ed‘%h in the art
and i ncl LIQ@NHSIS;QL{(, FCONHSO: NHR,, iﬁ(O)H)BkaHszQCOQH,ONHGtDNHS(ERyen

bi ol ogi cal ste hati c stem .central nervous systen),

i ncrease-d 3&5&#&%&4$t &ﬁgﬁgﬁ’éé&sﬂp 2 3351 ORI RdmiPQabler Gbh by
i njecti ong (g[}ﬁll IR, &t ﬂ.@% . Exanpl es of

t hese m)dI??&LIH?‘OHS [ % }Sﬂis ut g?é‘%n% zﬁ“i ?‘gﬁff relc';;‘%de ification with
pol yet hyl er& ,ggcol S, denl vatization with pivolates or fatty acid

substi t uent nver si N O carbﬁr‘f‘nt es Nh»y's{r oxyl on of aromatic rings,
and het er oatlonp3Ub%t i t t|/7m..| n nV&htion al so features
a medi canent nposu i o kmcl anyLL % vﬂa conpounds, alone or in
a conbi nati oA}t ogether With a suikabl e extipient. The invention al so

features a methpd of treating a subject s@ffering froma condition
characteri ijﬁbw an eltev ed ad oke: ne coficentdyati on and/or increased

sensitivity enosi Ahd/ qr_e 0si ne receptor nunber or

coupl i ng efyfi cikncy.. h Nrret hdd\y cl ud thg step of adm nistering to the-
subj ect an nmount ofv\\any of theRabove cohpdunds to be effective as an
adenosi ne gptor dnt agoni st. The conditiof can be, for exanple, a cardiac
and circul atory disorder, a degenerative disorder of the central nervous

system ylrﬁmgﬁggﬁ%cg%mmm fimﬁgr gpr which diuretic treatment is
i ndi cated, hypertension, ParKinson's disease, depression, traumatic brain

danmage, ;Zomimar%ksie lbeu#,opog((éﬂi)l-d-efﬁ’ﬁﬁﬁz)n regﬁzpﬁl'hr,y(@éﬂn @si on, neonat al
brain traggﬁgﬁéﬁ Q*Cﬁy%?réﬁbd:ﬁl'gﬁ Gystic fibrosis, cirrhotic ascites,

neonat al fail’ure ast hma) an ederrat ous condi tion,
congest i \Rg d%ﬂ&i:ﬁlyﬂrvgbmraﬁéyl eyl elkglsuthngt, umxtyl osb§titued aralyylf substituted alkyl,
associated with diuretic use in congestive heart failure, or renal toxicity
due to toskeweychibth chenot herapeutl c agents). The invention also features

gf ngl;)[] g?nfggwggﬂg&ﬁ% gﬁ? %]Jeaﬁén orrpougzm %Bbﬁﬁl. E%ﬁy&%&ﬁer?t ops
pr ot ect i Bgbstirecnjthe canpouwnds odn b&]hghl;m:hmee foe imhibitias ofiaderiBsine ABOidcepthrs: ) ;

deprotonating .t he C8 sition wth,stron ase (su as | ium
di Psopr opyl a?nlﬂé eTgin ﬁg’gﬂ{hy}mﬁ ﬂr‘u 2(Cgn by the s @&Fr%@ QP £2:81

PCT/ USOO/&@%gom%glbahq,r [gni on; trapping the an| on with a carboxyl,
carbonyl) al dehyde, ket'one corrpound and deprotecting the protect ed N7

posi tion to oR=gan b&rﬂfﬂk}d@b&tﬁwﬁd adtheQH, WOMe, ondalngen; methylnor 3m " al kyl
group |s satur h ocar bon group. An al kyl group can be
strai ght %&an@gcgn%ﬁ%]?ﬁf% 'fagr exanple, from1l to 6 carbon atons
in a chain. BEWC&ntdlaidhﬁ,abbaﬁbed n al kyl groups include, but are not
limted to, ethyl and butyl. Exanples of5 branched al kyI groups i ncl ude, but
are not limted to, isopropyl and tbutyl”” An "al kenyl" group is an

al i phatic carbon group that has at |east one double bond. An al kenyl group
can be straight or branched, and can have, for exanple, from3 to 6 carbon

atons in a chain and 1 or 2 doubl e bonds. Exanples of al kenyl' groups
include) but are not limted to, allyl and isoprenyl.




An "al kynyl " group is an aliphatic carbon group that has at |east one
triple bond. An al kynyl group can be strai ght or branched, ari:} ig@ve,
for exanpl O({lrgglil(ﬁ to 6 carbon atonms in a chain and 1 to 2 t/i@@g yonds.
Exanpl es oY CaRYRYI groups include, but are not limted toPGIVEYARYE and
butynyl. An "aryl" group is a phenyl or naphthyl group) or a derivative
thereof. A "substituted aryl"™ group is an aryl group that is substituted

Wi th one or nore substituents su as al kyl) al koxy, am no, nitro, carboxy,
car boal koxy, cyano, allrylam noy{d~al kyl am no, hal o, hydroxy, hydroxyal kyl)
mer captyl, al kyl nercaptyl, tri kyl , carboxyal kyl) sul foxy, or
carbanoyl. An "aral kyl" group . | kyl group that is substituted with an

| A | kyl is benzyl. A "cycloal kyl "
o e TPt 2 RAPDE LRl B e KR B ired a0 Grviekaabi 15, of
cycl oal ky mogé)supstituents yash 3 Bms”qﬁyﬂmm%l&)‘l‘}#ﬁhﬁ}&yﬁm CQ‘Q‘S"" 3@% %&; up i's a

strai ght or branched al kyl -C(=0 roup or a“fornyl grou Tof acyl

groups i n€xamarleatkahdioxen jor

) -

roups i1 | _%1-g3a6,7nmrﬂn@1rd-ﬂanu‘rir?&y@-lfiaydwﬂa.zat]@gﬁniw
the a ap&&'- 01 I, wal O I exa S,.01 aC [ OUpS. C
groups )r/ra;llgjt;e skgcsé&? U%"é%'%@gro%#s{bﬁ%g}t\éh'g‘tlE’&.t')l(ﬂrﬁzLgfddﬁ'ﬁﬂkj’l‘glﬂgg’@ﬁ%gﬂ@riae%roup
havi ng t he,6sdibnc;totnrSG(Zt@NicQ@:1.,3-"dﬁdr&&'lQ@E@?&ém&&roan@p'{,ﬂh.eﬂ-wy| car banoyl

refer to carba | . groups in which the nitrogen has one or “two al kyl groups
attached WYHPE%llﬂ%%é-wm%eﬁ@si- respectively. By anal ogy)

"aryl car b mnbr erdbiliimehk! R &4 ear bamoyl * groups include an aryl group in
pl ace of one of the hydrogens and, in the latter case, an alkyl group in

pl ace of the second hydrogen. -9 1 2 MAY 2~~ WO 0113610 PCT/ US0O0/ 31058 A
"carboxyl"™ group is a -COOH grou An "al koxy" group is an al kyl-0- group

in which "alkyl" is as previou scribed. An "al koxyal kyl" group is an

al kyl group as previously desct ,-Wth a hydrogen replaced by an al koxy
group, as previously described.”™A "hal ogen" or "hal 0" group is fluorine)

o ors e e, ol S R LSS Mo SN o AR S
an el emensubstitventsisetnaschydoaxy, Re-alkyl, -Ri, Realkenyl\alkekgeapbormsd,y| group can be
Fuiy: uns ke SRR sk faroorb el Bhorominibtlu e by akopptus
1l oo st 08k BV P o
i soi ndol i #Afi 8, FarsEAmBlen §1(4-Hydrowyrieyelal?-2 2 eusrlay)h)A-diprapyt-d Zodifydro-purine-
et or ocycryietons; 2 6BRG L AR D & L IGRR - HEPRBAE b ror e hydr ogens
are repl aieytlbfp. 22jbetane U cattxylic fid;34- | d<Dioko- BB LIbrOBYIOD 3,607 -Aaly BEIIRR.
purin-8-yl)-bicyclo[2.2.2]octane-1-carbaldehyde; 4-(2,6-Dioxo-1,3-dipropyl-2,3,6,7-
tetrahydro-1H-purin-8-yl)-bicyclo[2.2.2)octane- 1 -carboxylic acid methy ester; 3-[4-(2,6-
Dioxo-1,3-dipropyl-2,3,6,7-tetrahydro- 1 H-purin-8-yl)-bicyclo[2.2.2)oct-1 -yl}-acrylic acid
methy] ester; 3-[4-(2,6-Dioxo-1,3-dipropyl-2,3,6,7-tetrahydro-1H-purin-8-yl)-
bicyclo[2.2.2]oct-1-yl}-propionic acid methyl ester; 3-[4~(2,6-Dioxo-1,3-dipropyl-2,3,6,7-
tetrahydro-1H-purin-8-yl)-bicyclo[2.2.2)oct-1-yl]-acrylic acid; 3-[4-(2,6-Dioxo-1 ,3-dipropyl-
2,3,6,7-tetrahydro-1H-purin-8-yl)-bicyclo[2.2.2]oct-1-yl]-propionic acid; 4-[4-(2,6-Dioxo-
1,3-dipropyl-2,3,6,7-tetrahydro-1H-purin-8-yl)-bicyclo[2.2.2)oct-1-yl]-butyric acid;
Phosphoric acid mono-[4-(2,6-dioxo-1,3-dipropyl-2,3,6,7-tetrahydro-1H-purin-8-yl)-
bicyclo[2.2.2]oct-1-yl] ester; {[4-(2,6-Dioxo-l,3-dipropyl-2,3,6,7-tctrahydfo-1H-purin-8-yl)-
bicyclo[2.2.2]octane- 1-carbonyl]-methyl-amino} -acetic acid; {[4-(2,6-Dioxo-1,3-dipropyl-
2,3,6,7-tetrahydro- 1 H-purin-8-yl)-bicyclo[2.2.2]octane-1 -carbonyl]-amino}-acetic acid; 3-[4-
-6-



car bal koxy, carbanoyl, cyano, hal o, trlhalonethyl hydroxy,
t hi ocar bonylg Oﬂygf{pxyal Kyl or vitro. A' hydroxyal kyI mean cggum%nsgroup
substituted by a hydroxy group. A "sul f anoyl " group has the structure
-S(0O 2NH2. " Al kyl sul famoyl " and "di al kyl sul fanoyl ™ refer to sul fanoyl
groups i n (@}6-DivxokR 3aliproggien ) bﬂﬁte&ﬂ@d%—llﬁ%mﬂlé@ﬂ? b&?&lHﬁ%? ?}otca@%qe&,l]_n pl ace

of the hydrogens, respectively. By ana

"aryl al ky| EOPICBIFAFIE Jgﬁ‘*o@;ﬁg%t@tbd@lmpy&%zlﬁ @-rlmilbydrn-lrﬂ pmen-ﬁfylpne of the
hyd | f th d
ydr ogen. Aol 2188 L9t Bk Bedilests HhitAe BidiasL dutiempui t nout
act i vat i n@,3,60-tewaleytiro+1 H-pirire-8yDebiekiof. 2*2266?&1 ﬁ&@’}-ﬁf’ biic ahrﬁqri:‘@r;l%tgt 1S

bi ndi ng si tﬁe&«ébét hus, reduces the abili of” the'e o enous
stinulate ¥ ?PEQSII 3- 41H1'°Pbﬂez,é(§rﬂ'@k@h}@f0-ﬂH@lmmeﬁselr)tbmyntoé’hmZMt-layl] 2-
"sel ecti ve,ant g cll% an antagoni st that binds to a specific subtype of
adenosi ne rece 11 igher amty than to other subtypes. The
ant agoni sts of Inlaaoﬂmx/enbd>dimenan;cirobe:exarrpl e) have high affinity for Al
receptors or for A2, receptors an re selective, having (a) nanonol ar
binding affinity for one of thes subtypes and (b) at |east 10 tines,
nore preferably 50 times) and nmo referably at |east 100 tines, greater
affinity for one subtype than rthe other. - 10 WO 01/3610 i z ~aY zoos
PCT/ US00/ 310~8 The i nvention pr ovi des numer ous advantages. The conpounds
are easi |y manuhécanbe dnfubstifutedan icAn/beafiaitgMalifedShiat bhd 6 H%%ﬁb&tfr&ené S

0

| at I nb f st Th ds h
regi ons. 45 Rewth Rorl<sgltasinaikexispttionyic kpursarbopyis bonslt hydmaagtvnf‘éti Lhe
conpounds ﬂi@)(?d yﬁgﬁcw'ggrﬂtétéohtgs%td (_Smrbcefo}rgg%% wgﬁlg{g&ea ghly

pot ent an specl’ c ant agon can Ses to
mni m ze dipropyli2ed, 6Haoﬂa}wfdrcslﬂqmini&pm%ubaiﬂ B(&irb&@hbraeiqr gqsqq)@do,rymahyl-
numer ous dql%%g:g Igr i ncl %bd%)‘aq’é( but not limted to, pills, tablets,
capsul es, “UgANEERD: f?tHS } ?O-Rweeﬂ@ﬁ—ﬂ@nmrért%@mxwhémmnl or

i njection L rations, In addition to
nmedi cal aggﬁg zg?fagngwﬁgmggtgggg%?%%lojégﬁgkwnégggn be used in the treatnent
of |ivestock afrygi@nothar embediment, Bs sambdier wi se defined; all technical and
scientific terns used herein have the same neani ng as connnnly under st ood
by one of ordinary skill in the art tgl which this invention bel ongs.

Al t hough net hods and materials siml 8{ equivalent to those descri bed
herein can be used in the practice 3ti ng of the present inwvention,

[ bed bel ow. All publicati ons,

patent applicati ons patents, and ot her references mentioned herein are
i ncor por at ed bgnd eanchesnsubstituted of candretfun@iopalized widdond ammotelsabstittiants shch

o 4 g, SRR R RealEen Riohk i iBeRrsboRs) ekGusmerm alinYbe appar ent

from t he hyairb dldétiidb SthddBdedxyP PEm dipditnd!
DESCRI PTI Oy\zlhdml'kl—}% DRAH\?\VHNGS FI'G Fggg)fgerl espl{)fmel‘lgl ust rgtc?%ggﬂfg

conpounds Difxor hé-dipropyit3, %,ﬁﬂ-terrdlydzo-nl H-m%ﬁdmwlqlé{irﬁamﬂ atloxy-apéti¢ he

synt hesi s Rl G chenmat i

repr esent %.‘?I 'on g.ltl’i:’ Tt eyrckg?l r ou ?*’t%"yjfnf ﬂg’%’ O-BYrNes m% 95t he
i nvent i on(2, o:uroxom Bempropyhe,m1-cemaameaeppmn-sxymtxcyas[3tz 2ohatedpt i on of
corrpound é?é{’?%}'lto the corresponding olefin (XII') via an alcohol (X). FIG 5

is a sche sent ation of yet another route of the synthesis of
In still another embodiment, R; can be:

and can be unsubstituted or can be functionalized with one or more substituents such as

hydroxy, Rs-alkoxy, Rs-alkenyl, alkoxycarbonyl and carbonyl Thus, for example, the
-7-



conmpounds of the invention. FIG 6 is a schematic representation of the
synt hesi s of conmpound (X~Cl], which is the starting nateri a&. ysed. in the
reaction shown in' FIG 3. -11 WD OL/3610 12 MAY 2004 PCT} &MY 28858 FI G
7 is a schegalB#¥l9epresentation of an alternative route ofpchesaynodsesi s of
conmpound (XXI'). FIG 8 is a schematic representation of the synthesis of

vari ous conpounds } nventj on, SCRI PTI ON OF THE PREFERRED

ENBOD! VNG AL P BB A et ZRehpy bisyalo . Limpot 6k | dmipropyct | ve
ant agoni si g. ulfkePasdisiR: &) 11C o1 o ) t ni.sts,,of
adenosi ne Azdgﬁyrdgégg tormgfdé&gl’ ?o[]dlegﬁgpgdg‘gdlﬁg#ﬁ%gjsl;é?’%? Y yﬂf?éﬁéﬁ%“ﬁ’é‘ﬁge'

Ant agoni s!l)'@hﬁbﬂrﬁé'dm'b@mm&ad#nW-&lwy]-a‘oeﬂﬂhd:iﬁn may be prepared by a

nunber of knowg net hods. T"‘f?) ener al net h?ds are described herein. Each of
t hem enpl oys a' &0 upd 531 6, JOT, f%Ampleafn a form of an achiral compound, a racemate, an

L, 3- di Subigrichlly fuitye chmilbidin, 8 pUfeAfibshert SAUDE T Blasidors 04 o 1 L he two

schermes bel ow. 1, 3-Di substituted-5,6 am nour aci I's~can ’Fﬂrépar ed by
t r eat i ng RhaEneewiogicably aaceptpblsadditiontsaltcal |y or unsynmmetrical |y substituted

urea Wi th cyangacell | G fol |l owed by nitrosation and reduction (see,

e.g., J. Og. n%ieecﬁ#ﬂp‘%gﬁ &1‘§'}5‘§ ‘%@%“ fﬁ%lﬁc’. bfcm%‘ﬁ%eﬁhy appending appepriate

i ncor por unetidnalitiésito lesthancé Suletive bioldgieal Proeries @ ok i.nes

can be accessed, vi ﬁ' t he met hod of lol\(tégl | er (?l-eﬁ'vgg%h %Egﬁn%h%%ﬁ%g%wgb:%)

i ncor por dh@eft AR Bickidg yhase that inceaaye biplogidal penetratimrintcte givembiolagidal sysem

nmonoal kylate efut a uraci |, .under Vorbruyggen conditions.

Al t er nat i(\é} I’%l&ghgwgtg ﬁ% tteeg&’ ﬁ%kk&(sﬂ%ﬁsﬁaMHnﬁr&ﬁseﬁdfWﬁﬁ&‘ﬁﬁaﬁcﬁ%‘ﬂe (e.g.,

al | ryl at isohipility td &léow advhinistratien by irfeckibheflies melaBolisi, dnk/os bitSak’'q nethod, a

i g o1 OSSP EXBRIeR o o8 ReBgaiot e hide, it e bt o aterifsation with

ring clo a BR HIFHUSE, Qut axer as dii to.lesterification with

unsubsti t ;ﬁmg@gncwog- i with vBlQ“e?ropFaﬂg % renhd UM can couple with

a precu_rggr conpound of "t ﬁe % m)léty to pro %@Stuhgltagg%,rcgavgrsmn °

8- subst i tcatbamhaseashyldroxylatioRef eromiatig rings,snt dewerchtdissostititin if adhatharingt er i al

1, 3-di substit ed-Sh‘“-dllamfnouram I .iél .e., conmpaund (Vl]) first reacts with

HC(CEt)3 to u \i3 §°‘?Fﬁ% anges 4 med %Pmc?ﬁmpeﬂs%mf&@l@g syrefitheabove

i nt er medicainPotkta! alofie o418 4ReEbirnaties, t@éetﬁnﬂfewiﬁi Pgﬁ{aiaieoé}c{#ie;?,- , conpound (A)).
am no pr

This internediate, after being protected by an otecting group
(e.g., wilhninvaption alsofRatures -ymethipd o6 reatingrd subjeat suffering frbe g oesdifioc oupl i ng

reaction,.j f rong bas e. g.,. nbutyl-1ithium (nBuLi) or
li thium 8?‘33’?%%‘%%3%%%&@%8&%&)%§W ‘iﬂﬁ?ﬁ{‘%&gﬁfﬁ %‘t‘ﬂ?’s‘BF“’H‘} ERFEVIBIOt he Z-R3
moi ety ( edgnosineand/at elevatetradenosink ficpte) mirAbe? bP EMGST IERYOITHe !

compound (Q) . 212 12 LAAY 2004 W0 O St Pygﬁhﬂgggéé?@s%em%%dr oxyl|
group of Hokudes thesiten of administering to the sehieet an@mouyni/efianytof thecdbowt compoureis to

am ne, appg Reap : ( onpound (E of. ot her
functional i ggﬁ conpa%g%fg‘ggfcﬁgﬁgg%g%sﬁ' ﬁﬁgﬁép‘ﬁ%gﬁoﬁﬁd&f’ W%P@P{faﬁy skil |
in the artrdiatlaed hifcyatotyadisarder, & degenmtive disorBPy e bentely haivlus sybaum Gt ect ed
pr oduct gi L. c&raoaund (SQ;L v@ucg can _be further functionalized to yield
conpound£ESBIatPR; Asqricred disgase fagewhic 95‘.’?“%#13?@55 indgeatedy hypemignsion, Schene 1
O R~ ~ Nplgrkifsbn™ diselile( 8&rés3ion, traliRiticbraiy dantgoSestrdRe Retrotoghcal deficit,

respiratory depression, neonatal brain trauma, dyslexia, hyperactivity, cystic fibrosis,

cirrhotic ascites, neonatal apnea, renal failure, diabetes, asthma, an edematous condition,

congestive heart failure, or renal dysfunction (e.g., dysfunction associated with diuretic use in

congestive heart failure, or renal toxicity due to treatment with chemotherapeutic agents).

The invention also features a method of making 8-substituted xanthines. The method

includes the steps of obtaining a N7,C8-dihydroxanthine (e.g., compound 10 in FIG. 1),

protecting the N7 position of the xanthine (e.g., as a THP or BOM ether); deprotonating the

C8 position with strong base (such as lithium diisopropylamide or n-butyl lithium) to

-8-



H~N2 34 ~90 " NNR2 (A protecting group such asO~ PPTs, CHCl13 (B) H

| Rz 1. n-BulLi, TFiF, -78C 2. O-COCE OP OPR-~-NNR "NN ¥ Oy COOEL
HO~F~H~~W?'6MP|6-QONONR2|~).RZACSOheatO,POR~~ N OONN I
Rz (E) Deprot &¢HOn (for deprotecting THP, use IN HCL in THISTERPPAA0% P RN

NONN(C OOR~NNO- / ONI R2 ~) In the second general nethod)
conpounds | t4,00; ared by reacting the startin
mater i al . Sncrafa SNBE pReEdfe BoR WA Gholh FOGR e b URsORe 13 1 2
MAY 200 PCTir800d3ard5Rpioteting liBdfrbceanpoptionfio wﬁn%n@ssgmmq %ﬁ@-&é

S) 10 '

al dehydes or car bg%yél i c.acids or carboxylic acid chloride
6-ami de subst i tt BFINeErin. an ‘gl eraupise saatechaliphaticihydroearbomgioupo A# dliy10

I ' ' ' thi d. Ref t
Cehome 2 Car ghein el B bandhlCBid 8 HTL h bR Rodal ' Goabempinnuriaai

(i.e., congheimdExamples ofistraighcchap ARy MirblipsandhideC 84 heskef oSSt j. Lut ed
pr ecur sor cugyrip%md @fs %Ee %“_gi lggi gl;gr ltI—l|)OOC Z- %étg&eﬁgéf(lﬁﬁ%%lob%iﬁn%lod&tgd (Q:
R~r epr esent s H,=XENPIES of pranched aliyl exonps inglidepbietiagg nat limjteda nigoprppylanditd v
substituteghtyi th 1-3 substituents selected fromthe group consisting of
hal o, hydroxyl, or C~.3 alkoxy) to yield a b-am de substituted uracil

i Pt er (rjr?di ate (iAm alkenyhigsovpl iS(aﬂ)a)lipbmti)Umhdn: oD thiai 12 alﬁ[eﬁstV&ﬁdeoliBl@%nH.ohone

of ordi nar t art (e.g., npl, oyi ng coupling reagents such as

benzotri aZdt 51?9‘%){1 & g & F@ﬁﬁ%yi 3RS saMkAYE Lfor pxarmple Lo Brto Spagion
BOP), O h#diA®mta dhaimtdndll- ' L anffds’ hroni

§1exa12 | uor oph_ostpj)lhat e (HIES,TU(‘;AJ)2 %{?u% ?d;&-dgi%aéﬁrfggtc?@ézeg% _#@%@ﬂ]’udﬂ,bume not

N -t et r amaimiadie.ylisadissrrenylor ophosphat e (HATU)). Exanpl es of conpound (G

i ncl ude bi cycl ‘ 1,.5-di carboxylic acid nononet hyl ester and
bi cycl oj 2. 2?/2] %ﬁ@%p}&@%‘ér‘gﬁﬁﬁ% %EX%& %ﬂ’o‘h}?‘fﬂ# ab?ﬁ%t@?{le Sdply bend; An
Exanpl es &lkynyl gr8up cincbeistraighk of bthﬁéﬁ&d&mt&ng%,tf&maﬂggegg& $4d & BgpGh Osure
reaction in a .bashc. co ql tion %c. g., by enpl otyl ng KOH and | sopropyP
al cohol ) GRS BRS am%aat HP ReTiplshasdandExamples ofadiomylgrdupsiingludebut laremot
under go f%qﬂi{}grtwgﬂaﬁ&bg%hon to produce various conpounds of the

S :

I nvention. Sche
An “ary]” group is a phenyl or naphthy! group, or a derivative thereof. A “substituted

aryl” group is an aryl group that is substituted with one or more substituents such as alkyl,
alkoxy, amino, nitro, carboxy, carboalkoxy, cyano, alkylamino, dialkylamino, halo, hydroxy,
hydroxyalkyl, mercaptyl, alkylmercaptyl, trihaloalkyl, carboxyalkyl, sulfoxy, or carbamoyl.

An “aralkyl” group is an alkyl group that is substituted with an aryl group. An
example of an aralkyl group is benzyl.

A “cycloalkyl” group is an aliphatic ring of| for example, 3 to 8 carbon atoms.
Examples of cycloalkyl groups include cyclopropyl and cyclohexyl.

An “acyl” group is a straight or branched alkyl-C(=0)- group or a formyl group.
Examples of acyl groups include atkanoy! groups (e.g., having from 1 to 6 carbon atoms in

the alkyl group). Acetyl and pivaloyl are examples of acyl groups. Acyl groups may be
substituted or unsubstituted.

A “carbamoyl” group is a group having the structure H,N-CO,-. “Alkylcarbamoyl!”
and “dialkylcarbamoyl” refer to carbamoyl groups in which the nitrogen has one or two alkyl
groups attached in place of the hydrogens, respectively. By analogy, “arylcarbamoyl” and
“arylalkylcarbamoyl” groups include an aryl group in place 6f one of the hydrogens and, in
the latter case, an alkyl group in place of the second hydrogen.

-9.
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R~ ~ NH2. HCI H N HOOC-Z-R3-COOR, (G R~~N N Z-Rs-COOR~ cou |i 2T R& omks O N
NH2 P 8 B w@ol/34610N NH R2 Ol 2 R2 OKCOH) iPrOH R~ ~ N N rggg}ﬁgoomm
~>-'-7Z-Rs-COOR, ~NNOI Rz (J) -14 WOQOA/3~610t 2 MAY )

PCTI USO0/ 31058 The desired al dehydes, ketones, carboxylic acids and

carboxyl i c aci d Ac'tdapsaxyEsgreueiseOOOOHigaddpy avail able (e.g., fromAdrich
Chem cal Co., Inc., Ml waukee, Wsc.é’eor can be readily prepared from
commercial |y avAM ZHo¥Yr8iepiinmsalisyl-Qegioun irowhick alkild is as previoasly deseribhd.

synt hetic net hods, « ” npt, Limted to, oxidation, reduction,
hydrol ysi s, alky atapgdr’l‘ygﬁg \?##L{pla%iﬂg.ﬁsg} GGHR PORFEYIQURLY ﬁ%ﬁ‘i&‘be‘bd’t’lﬂ??eh@egm?es
regardi ng teptacpd bpanaﬂdpu;ngm‘uﬁpweﬁgaglygg@ﬁg&{ boxylic acids of the

invention (e.g., . gcoppound (I11), which is an exanple of conmpound (G), see,
e.g., Aust. J. Ond3iosse’ orhel™ grogsis flngrne, thiothe oroBie o2 Ofidine. 1986; . 1. Am

Chem Soc. 75, @A3Fet y]J : 86, 5183, 1964; (1. Am Chem

Soc. 102, 6862) 19§0;5:j.ébyo%’f’%é%@é’?%%@?“‘i@%%?%ﬁ”d“cfmdﬂq."h@]en? 0B,

6873 ) 199®ore of thaatomssn shrecring islar eleneempothackhiRarbén, e.g., N, O, S. A heterocyclyl
ic acid or its correspondi ng est rg

bi cycl o[ 2. 2, - 1. 4-di car boxyl

(V\,h)ér ei L zg’f’ég’ g%%g’%aﬂ&ﬁ&“%ﬁ%}é“ﬁs*-%C@yéF s3tpratedopren he)partaiiyroe faltye a
nunmber of \Hishfuedted)t Exah 0 I . i to FI t he
starting majtseri %I (i eﬂgggfn%ﬁ%%}%fﬂll)ggﬁg%Y@Eg@%@%ﬁi&%@?gwygﬁ@?aﬁ)e
\ggﬁ;e: " te W’Wﬁwgr "ﬂn@o i oﬂﬂluw’ !1&%'51:(??3'& tél(ijxowiﬂ_,oﬁh oiﬁgmsdt%is}?'l ? trJent S
ool sot &d pﬁ%@q é%ﬁ%ﬂ%@?ﬁ@%ff’yﬁ@m@iﬂ%@ P‘H‘%Mieyﬁqxa%ﬁlylc,isgxa@liﬂm.

Pr ef er abl yetrddlyljahd¥enaintidaaddylf i cal and represent nethyl or ethyl. Three

different synthetic routes are illustrated in Fig. 2 for the tranformation
of compound (1)At HasBRssLterpeyciyl” graupdsahgserocystlylgrogrowhetein@ne.or Restee ( 1 )
(i.e., st dgégs j 1,Nd,C oun 1) toits :
correspo n% chl %r@geeélﬁ%/elh-ug gﬁ?%ﬁ%r%g%g%g%%y’%’w i ‘gﬁﬁ(ﬁ?‘“‘% n,

under goes carbalkeyyctassamey!ayand,ihalv, tihalenethylhiydeexy, e&Bomyli thocarbo

c 1,
1, 4- bi cycl oééo. 2. %@Ct ape acid/ester (I11).See Exanples 79 and 88y Route (2)
al so involhy x%l U ?'II)) which is transformed to conmpound (I11) via

conpound (1, Soe R obés an il SIS IMER T Trdattyiiiin T 17y

i nvol ves the t Mafisifament” gmumhasabermmmm-c(—SIO);NtheAlky{lsuiﬂaﬁwi'%a. 2. 2] oct ane
aci dl est er‘d{a%@l%ohﬁut [ gool%@ ing the intermediates, i.e., conpound (I1).
See Exanpl € A e éﬁgﬂ' {“Pﬁl?ghﬂm(‘l”f n whigh theinigregendiasene or ao akylpound
(n is tregtapsettadheddwplacd of e ASders: ﬁ:sgél:'rt'iigg@{ ;ﬁérta%aﬁ ,3@1%@@%}08&'5&(1

Strong bas‘es}ﬁ&hzt {an e enpl oyed i'n f hi nin
di i sopr opyRXIAUgsu2mey! -grqups inpluderan swybgrovy i plato hfond afithelhydragens anf)inbei ng

the prefe )égé}' £ r_thi,s reaction include
tetrahydrgﬁeﬁg%n %TI’-a'E), d?}r?g?ﬁlltl)égag%§5{K’g)s°%ﬂn8§'§ﬂ@geﬁ‘nd t-butyl nethyl ether,
wi th THF bei ng Arffantagefist™rigd misiécuinthat BiRdStor 64t withtu i ieinp Bl ﬁf:ér}ﬁ@:.i il
a terrperaiure ran%g1 O%Fabgut -1 00C t o about -.60(5 The reaction mXxture is
then tr eal'&@MACs *atthe endqgsnoysiigand for this hinding piteansk, thus Sredusatis dtiBymf1 2

MAY 20~~ mﬂ%oﬁ&liéﬁﬁt@%&ﬂﬁl&?ﬁ?@%é}g{}? in the presence of at |east four
equi val ents of a reagent such as 1,1,/373tetranethylurea (TMJ),
1, 3-di met hy| - 3Imthg context ofithy gresert (nventipn pa/tselectivaramnsgoniVPidan shbgoRiNthat and

12-crown-4, wWth T bej preterred. This reactjion can be conducted in

sol vent s éﬁg oagsﬁ—iﬂc sé'ilbﬁéf ﬁ&éﬂ"ﬁ‘é’ﬁé‘?ceaf%%a&’emgb“rr affinifyt than ta-ethen subtypes.
(Wi t h THFTheamggdrists pf Blehivedtios @ a-&gﬂ.: i nangl Lo
about -80C to about 0C. Ring cl oédlj’?glt%xea tl’g%vgcg{r@%gﬁ% r@ér"ﬁ&%"g&"; P?égf
treating QenfSeeRiers @nd pre jelestivg bavingda) nanqmiolaz bémding affinity for one of these two

hexyl net h ' ( A) ., which.is then followd by treatment with a
st rong bags/‘éa gucﬁ“@@ﬁ% %%ftyﬁ\f?%ﬁ’mﬁrﬁﬁﬁfﬁﬁaplé’ rtHB%&H‘x\B most pyefergbly atdenst 1§0¢ o
route (2)timesegreduraffitithfor 066 Bikype than FiHRE Bidi ate (11) can be treated with
iodide to formthe desired iodoethyl-containing internediate (XXV).

Exanpl es of iodide that can be enployed i.n this reaction include sodium

i odi de, potassiumiodide, lithiumiodide, or tetrabutyl amonium i odi de,
with Nal being the preferred iodide. Rnpclosure reaction is then
conducted in the presence of a suitable strong base such as LDA or |ithium
i sopropyl cycl ohexyl am de (with LDA being the preferred base) and reagents
such as TMJ or DWMPU. Typical solvents for use in this reaction include THF)
di net hoxyet hane, di oxane) or t-butyl nmethyl ether (wth THF bei ng
preferred). This reaction should be conducted at a tenperature rangi ng $om
about -80C to about 25C




Referring to route (3 ) in which the starting material conpound (n is
converted directly to compound (Iln, compound (1) is first treated with
about 1 to about 1.5 equivalents of a strong base such as LP2 MAY 1200401 um

i sopropyl lam de (with LDA being the preferred basgy itable
sol vent S%AIZQE%F di met hoxyet hane, di oxane) t-butyl net hyllﬁgboﬁe(?g(wth
THF being the preferred sol vent). The t enper at ure of the reaction shoul d

range from ab The resuyltin ction mxture is
the% treated m%'rﬁ%g@g u) o‘ﬂgé)hhé‘mee(’j%%vagl gﬁfgeaf LILE o §8%t838ie in the
presence mimFhcrlnRdSFont Rl _I_}ﬁﬁl\rlﬂll‘d@lb@%gq{ﬁat%é iRk ré}aﬁ\%'ispﬁﬁat Hﬁ:ﬁbf}@&%&éﬁg from

about -80C to about 25C. e resulting reaction mxture is furt
cont act edlhei compayods havetaquahsn of vargblecagions. eliewing forssystematig optirmizationh Aas

bnd ot 1 ohevith snpRBhERLF KRt bt Gad dlel e’ SPee e BrpeSadser - ©)
di et hoxygg Kl?%tcnd wgge@mc@m F&u&al msseéahxlt) 5 hed u(mwctbsm% hﬁm&ettﬁ@

preferred so vent% his reactfion should be conducted at a tenperature
rangi ng flikstiheerbot side effrcts and{Bbbg incerporateddnte numroundosaeglfamncl@ﬂmg, but

i nt er medi Y 200

PCT/ USOO/@&gég&?he‘r eﬁgﬁ%lér%gngg e 3%50%5 l#pS’oflhoers’f &qr{]lg’cflpona aln%s 5rrpound
(J), whi dhgestiohar ngearonpdlboamdupplemnd, arrtopisilgrepatdtiond) e ddditioneo Medical et y.
For exanpl e conp ﬂvésg can be converted to the corr jpondl ng acrylic
aci d der jApRFAHOMSCHE nigt compeyndsany; e ipthe wrepimentiallivgsteeldansk P onpound
(J) (proy ﬂﬁgl that R, is not H) to give the correspondi ng carboxylic acid,
reduce the carboxyllc acid to the correspondi ng al cohol, oxidize the

al cohol to theUnlessy atberwisti defined, (aﬁhgdm;cahmﬂ achanﬂptcnhs)usadaterein have the same

Wadswor t h- Horner-Errrm or th ti,on t l{ rﬁnthe cor ﬁ@gondigg .
acrylic JPFRMRERS PR yug%eésto 8)9 inag sxill ig the gt toy whic nvenifiyound
(J) can q:let&xg@eptmagt etemeds Qldxﬁﬁfchl{lsfsﬁm!ér%r eeﬁtmwﬁoagd@dcﬁmerem
e.g., Exanple 4). Adifferent variation is to transform conpound (J

di rect | y becised in therprastise rfiesting:0fdbe present mventior svitable methpdsnand materjals are

aci o, andeniaat A BBl CHsrE FRRAD frtiedond, e Bhd SRR Bgas ™ "Y1 €

funct i onghémfored Beritdrt itdfpoeasd by elerehice! iA thefr dRBrdtRI Bi 3dditedr) €t rsrefiblsNg t 0
the or 1, 3di substituted: 8-unsubstituted xanthine in schene 1 or the

1, 3- di sulspetheds, and sxamplesare Hisagyq only ard petiatendedity be HEHUNG opounds of t hi s
inventio npl e
6. P G R IeERe SRR s SP el oRER I bF abberent #0 (8 T Owine A
starti ng desédiptivayaedifromthéglaimshe process illustrated in FIG 2 enploys
simlar chemstry as illustrated in FIG 2 but first prepares the propionic
acid side chain on the bicyclo[2.2.2]octyl noiety and then adds on the

1, 3-di-substituted uracil noiety foll owed by cyclization to give the

desired conpound (XIV). p\Q Opkindl and R~ nust be
chemcally different i n%rﬁﬁgmpﬁﬁg Edm%d benzyl): FIG 4
di scl oses an alternative processes for the transformati on of conpound (VII)
to the COFrespﬂl@jilrilaaérie@Milh(sﬁatuﬁmcbftcbmpeuhi%@qt}&rihvémﬁnsfor mation of the
al cohol {7~ to Sfolefln : Stes%F) t fJ~are ring,closure

fol | owed by soﬂdf: i5 g sghegt (-31"= eRsnistipR pf the)syp t=5t‘-°b° tqeEPounds eithe InyeploRd by
reduction to thg, 9'1599&1en{a§cr é‘s%nﬁ%@?Bf‘&?al%atﬁ@mxﬁ@@fﬁ@ syetht:ﬁgaatl vely)
conmpound (VI1) can undergo reduction (step (Y), see Exanplé 103) and

cycli zatlmmadsoﬂhmmnmmduce conmpound (X) (step (2), see, e.g., Exanple

84a). A furth | ve atl and o thon of
compound (V1 1)FICh 4 BaREmABs ARt iEARP T e e o onL gl oo (g @i ne
react i onscomfeSpoting &prhhﬂiﬁoﬁ&lq)d)w in the art. See e.g., Exanples
85a and 84a. St]&ps (I') thru (DD) disclose alternative processes for the

t r ansf or mat i onFI§F. Stimka sehematio reprosentasion byt anpheniontsi of ghessyathasisof] | )

Speci fic ) and (CC) (see Exanples 89, 104, and 105) are
al ter nat ?évgy%u@éfo Er anséég‘ra\m ng the -. 17 WO A /3~610 12 MAY 2al ~r

PCT/ USO0/ 310a8Fkah® is asthematic dqhys&atanbn of theawynttieisbf cdmpdund (XX Iwhich is the
aci d/ ester- C.ontal nln nmeans kn to those skilled in the art.
Ref er ri ng®¥Hn g?ﬁﬁﬁ%@é{(‘%@% 3. X) have been previously
described in the Ilterature (G ob, CA ,Rl ch R Helv. Chim Acta. 1979,
62, 2802; Ahmed, S. A, Hcknmott, P. W J. Chem Soc. Perkin Trans. |, 1979,
2180) (i.e., Steps (EE) and (FF)). Conpound (XXX) can be converted to
conmpound (XXXI) by well-known nethods. For exanple, conpound (XXX) nay be
reduced directly by neans of a Wl ff Kishner or C enmenson reduction.
Alternatlvely, the ket one functlonallty of corrpound (~ may first be

Y T o L T 1 o o o a ~ M T

(o




1 2 MAY 2~~ WO A /3~610 PCT/ US00131058 Turning to FIG 7, conpound (3~ can
be converted to conpound (XL) containing a | eaving group (LG such as,

e.g., halo (d, Br, or |I), nesylate, nosylate, tosylate, andl2 MAY 2004

trifl uoromngigh@rmasuel fonate. The | eaving group (LG can thenpegashiospl@aged by
a mal onic ester, such as, e.g.) dinethyl malonate, in the presence of a
base, such as, e.g., nethoxide. The leaving group (LG m ght also be

di spl aced by I\/EHId'r Uri$ 8 schemdtic tepresbraatvresfon e Mt de Q%ﬁ:eoﬁhkcgrnﬁ?es hoxi de.
Conversion of th ers or the cyclic anhydride, in the cdse o | drum s
acid, to ICHE‘PEHF nding acids followed by decarboxylation provides
corrpound ( XXXV) v w,.of. t he nt heti c ods t hat
can be enpl oye Iﬁb&%%ﬁ@@%@%g@b& 0?l’}i\{néd g}es?ﬁg W&i’éﬁ?f“@ﬂ‘.‘“c{?ﬁp s‘b%p 1,

t r eat ment imfentionpound 7-1 (Z = Br, | or OIf, and R = H,
tetrahydropyran-2-yl- or 1-pyroll i di nyl met hyI ) with a catal yst derived from
a palladiumsalt (Pd(QAc)2, Pdd 2, Pd(O-CCF3) 2, etc.) and a phosphine

| igand (PPh3, P(o-tolyl)3; etc.) is followed by exposure to conpound 7-2 (X

= Li, ZnCl) MygBr, S WM@@ZN&B CO2Et, C CCQOzMe, C
COO2Et, CH=CHOOZMe, n@t@@%@@”@%ﬁ EMBORIMENT it f or d
conpound 7-3 (R = H, tetrahydropyran-2-yl- or 1l-pyrollidinylnethyl and R =

Q02H, CO2Me, CQirgtnerl-theiiehtiodfeatures ote%@'ﬂm an%ﬁs'%é
CHZCHzCO2Me, CH=CH2COzEt). When R = te % ropyran-2-yl - “or

1-pyrolli GQ?{W%tﬁ;ﬁFCQﬂI@atSﬁEﬁ‘EVWMOMISwf engAITESA 5, Ictieptar @re algo discldeed.
conpound m-" e ent of conpound 7-2 (Z = Br, 1)
or OIf, armd y Ve) C=CCO Et, CH=CHCOZMe,
CH=CHCOZ Et | Gﬁ@emm@bmdscﬁlﬂwmﬂsﬁm itehbr aﬁeatWa/ﬁImmbrmM

|l adi | PdCh Oz CCF d hosphi ne | d
(PPh3, ‘S( (EoReprb meliats precescrbed hiigin @ca%ga@aféﬁpnéy&mimﬁaiéﬁ’m&é‘i o
ZnCl, MyBpay %@34@6%@&9%:&3:8%%?‘1356;9%8%@@? ?afr a%‘"’gi" the tw ich?mes

1-pyroII|d| nyl methyl) to afford c ropyra

1- pyrol | i Gelay. M-Qmubamtqdhs é-dizainguraiisiven bé?ﬁiﬂﬁaxedﬁym@ mecaﬁéﬁibﬁmng
CH~HCO2Me,  CH-~ Ft . CH=CH=CD

t et rahydrm *2- Pt “?ﬁymf’eﬁ'ﬁ‘ﬁy Isf’l?fgﬁv%_‘ré’l‘ﬁwé’tcyé%ﬂaﬁ%‘iﬁa% dellewediby TFA,
PPTS) HC nmto@aaorpmalmmﬁmcww Or3. théh end?md* 19§i Qf)arﬁJ @Pﬁ% B,

HATU- nedi at ed coupl i ng reaction of diam no uracil
bi cycl of 21%683]1mmrete drugin( ytrieferenice)s Ubwmmmncaiiytsausm&uanﬂﬂms sarebe 4,

t t t t t d f
ot 1 aa nPeerEd B Eeladh dehamler o Mogr Eneh' 45, 3386 195 St omiS e B, gand
(PPh3, P( fbfér@hgd)) ® theetmemoa $-drainberaeidl nmo@maé&sﬁeexfﬁauphﬁtrs B {HERIrBN)

al cohol , etc. WO 01/34610 1 2

acryl ate, th pr opi al | yl
MAY 200 PE’;? é&rwss%coaﬁmpa ?Fﬁ%wéw ‘pnspbsput Ekecﬁémsn@a@@abzt

CH=CHCOZMgyn, 4 tgﬁg %[t ?f-ﬁg i scl oses a base- prormt ed
cycllzatlon uraC| xant hi neco ype 7-3 (which has been
descri bed abovi thcﬁrmgeacrhmethbda aﬂa&-drspbaimﬁcéd ,Giliahiizairadi(compoiusd (VI)y- 4 to

a xant hi ne lfi!éb n s;@rg 6 has been described above. In step 7,

t r eat ment C8¥ ﬁ%@w ring;clpsure reactiongo prpducesprxanthing injermgdiateythat isier | ved from
| 1 adi yheud {HeAC d

?l ggnda( :DPh3 %%%eﬁ?gl %&)ugﬁc%h %ﬁﬁ owegaBﬁn’e(%;p')’%gl)l @wmaaﬁﬁgﬁﬁg&

(et hyl = aeompeund of 3 piesy itmpmde;e the ldpsired| &ﬂfb@htﬂt&dtﬂn)hxﬁﬂ Hefaring to
CH=CHOOZ
Do enedp "‘é‘ﬁ" R staredig A S EFS BrROSRA O CREFORAG, o

in COWDOU(\H))?ﬁﬁt feE’ctE with HC(OEtWQIE&k@h miglcmuresrea&wm Ipr&dmeé alMnfhi@ndard

means (a.. Nad 02, HzP04, 2-net -2-butene; b. Nal04; "etc.) DEFIN TIONS
AT exmeiPiaTTRe oAl s NASHbgwId athe SpRAaD (e T BmpaRas (A o Thivimermediate,

Cotore tcune MmgItrEELTh abthalrbeeREaRlb fog. ML BOEDMA RN e

refers t opdsanm'ah&uthetpwdary)bs a &@@ng edaction,lif tid presdnye 64 Steorptiense BV, hef er s

to di net

I
2.'3" i ohl S SPB TR L COR B SRRIP P FEnid D A it & recursor compound of
1, 8-di azafpe s g{o‘;'b JUTe’:) CBhRY
1, 5-di azabi cy%:l 0[4&(:0% non- %ehé'ﬁgﬂﬁa[)lﬁmc r)etﬁér?id%f %anlco?%ly(ln aée?mﬁ?%u (cf_)BA
refers to lithiumdiisopropylam de. p-¥32-refers to p-toluenesulfonic acid
nmonohydrate. NBS refers to N-bronosuccinimde. NCS refers to
N-chl orosuccinimde. TEA refers to triethylam ne. BOC refers to t- butyl
carbamate or tert-butoxycarbonyl. Hunig's base refers to
di i sopropyl et hyl am ne, [(CH3~CH 2-N-CHZCH3. -20 WO 01J3. 1610 DVAP refers
to d| met hyl am nopvr| d| ne, (CH~)zN-pyr| din-1-vl. TFA refers to

. o o . a a1 I N L T et ————



12 Y 2004 PCTI USO0/ 310i 8 DMPU refers to

1, 3-di nethyl -3, 4g, 6-tetrahydro-2( 1 H)-pyrimdinone. TMJ ref SZS“A\O 2004
1,1,3,3-tetranethylurea. Saline refers to an aqueous saturat sodi um

chl ori de wolwisend. Chr omat ogr aphy (col umm and fl ash chr oneREYPEIRPSE ef er s
to purification/separation of conpounds expressed as (support, eluent). It
i's understood that the appropriate fractions are pool ed and concentrated to
gi ve t he Thediydenikyl @npupuod thesdlcohioRcancthen be teacied ta converrt $hecaltotms comy amide, B
refers to Fourier_ transf frared s ATR refers to attenuated

total refMEEtRILAD rr%g‘rét%le eog'u‘fot’?%R}ﬁgﬁa)? %&3@%?‘6’&’85@2". CRRIROHBEERY% t o
nucl ear (RERbA WellREOWH Lthb SSETHREIRRrySRAF RS &P The KPRttt orstiinlthen B e

reported Iin ppm(d) downficld from fetranethylsilane. psi refers

pounds peemeyehiceobtainia dspropeciasdqeduct [iad,-compouhd(R), whithheandregfuethef r ot at i on

of plane polarized,|i (specifigc . optical rqtatio ‘at, 25 with the sodium
D 1 Pne( JBesuomafiEss ool BBy ST pelinvEifiorr (ebosf oBAtPIES T 51 B 2:
mass/ chargfempijt - [M+ H + refers to the positive ion of a parent plus a

hydrogen=atom El refers to electron inpact. Cl refers to chemi cal
ionization. FAB{refers to fast atomb ardnment. The phrase

"phar macegt i cal agueptiep! e" regers t hdse properploeinga subst ances
whi ch ar gﬂ}ﬁm pt aty’e t%ﬂhe ghat i entNf e iphar nacolgf?ﬁﬁf’éﬂ‘ir‘]é@ir col ogi cal
0 thm@n&f-ﬂctur ng nphar, bticalrchasi st ffoma

poi nt of vie
physi cal / Y ',_q\t B ew 1 0 nposi tion, foriul at|on)
stability,” pati'gnt acceptance and bi ogvail ability. Pharnmaceutichlly

acceptabl e ani g, salts include salts @ the follow ng acids

met hanesul foni ¢, hydrochl oric, hydrobrom c, sulfuric) phosplgeric, nitric,
benzoic) citri g, 21 WD 01/ 34610 ~(£) | | ~I pY 2004 PCT/ USOQf 31058P
tartaric, fumakle, malefic, CH3-(CHZ) *>-‘COON where n-i KO0 4) N

HOOC- (CH2) ~- COON where n is as defined above. Wen sol ven§ pai a ed,
the ratios of solvents used are vol une/vol une (vl v§B) V\heg'\he | %}i lity of
a solidin a solvent is used the ratio of the.solid toQhe lvent is

wei ght/volunme (wt/v). Re is H C-~.; albyl, benzyl where the,',\phenyl ring is
optionally substituted with one to 2

1. n-BulLi,
THEF, -78°C

2 '
o=<:>—coo:-:
o £

Q P P ,
/ J \
Ri< N Ri< N
N | LiOH N
)\ p COOH =——"—— )\ | ) COOEt
N N HO +2 o N N HO
| (D) |

© |
R2 R2
Ac,0 <)
heat
0 0
R ,P 0 R H 0
~ N | N; éo é Deprotection ™~ N | N: so é
)\ / (for deprotecting )\ . 4/
o) N N THP,use INHCI O N N
| | in THF/MeOH) | :
Rz (B) R, (F)

In the second general method, compounds of the invention can be prepared by
reacting the starting material, a 1,3-disubstitutéd-5,6-diaminouracil, with a precursor
-13-



three hal o, hydroxyl, or C .3 alkoxy. Rois H C, .; alkyl, benzyl where the

phenyl ring is optionally substituted with one to three halo %&Cﬁﬁﬁ
C .; alkoxy. Wien R, and Rb are both present in the same nol ddu ey can

be the samgooussitéferent. R~ is H Ci.; alkyl, benzyl whecgushespbenyl
ring is optionally substituted with one to three halo, hydroxyl, or C .3
al koxy. When RD arg re both present in the sane nol ecul e, they can be
the same 6PMPPRAG? ‘HF 3"1Q$W££Hal®h}'dcs Qseatbpxylimenids arfearbonplingcid i ng i s

optional | d or C .3 .alko
V\Ib?\eln R~ aﬁgﬁvﬁégr%?élﬁﬁ? \#eé@gﬁe%ﬁg ec E}P g %ﬁ%‘%&#@?ﬁh‘b“{%&f“ﬂ*ﬂé gﬂﬁ)s(%/ be
di ff erent nngmrrsuﬁ reactlerd yisle thotdsired eamhihe compb€nds Referfing @&whemetsz?wvst

be different. 1zyl where the ring i ona
substi t ut g&? W‘f'ﬁg HF?éert‘% lgﬁi@sututeia,g afﬁ‘}‘é%ﬁl} (ie.; C@mpgunda(\éﬂ)kgosycouplﬂn R

and, oGyl 8, Apa50 el TR O St 2 085, BPBICERL -,
C .3 al kylc,oam. (is., he*npound (G) R, sépresbhts , Clslatkgtior berizyt, Gtheny! g sﬁﬁgrs to
trifl uororreté}i/lsul sntéegwt -CF3,. LG refers to "Leaving Goup" and Ts

- O SO. z- pREHgHa subsifusns ssleaiag from the s@qun@nssznmhalms es for
the Adenoay&%xﬁfnsﬁe phﬁcbxngmwgg -ahfibd Y fng&d%&ﬂ.ﬂ ?:ﬁlagﬁgter(?gecp ng;'l;%.g‘ld od

elicits mahy physi o ogi cal” résponses, 1nc I'ng reductions in
flow) red(@)ityreadtiongmdwddrare svellfkinbwn & omeofraadinaryeskill inrthe angeg., by emplbying

reabsorpti in kidn ctivat] n of deno Lne r ors reduces heart
rate, rgdﬁ%‘gg nédﬁ%ﬁfgﬁy%‘ﬁﬁ\%" Hla e@%ﬁﬁ%tﬂmﬁﬁi}?m%ese and
the ot her hefdfRptdphelphutd (BOR) @rbéi&o-mazol r@x-NNN'lA%ﬁﬁ{Em Tkdomtyapel ~ut

~Cljeuuagsuell rciesi; ues( ut ~C[ [ el o pasa~stucwpE aq ueo spunodwoa

arl,t ~su GX@QWGSRMG{BW}. or Qgcmh{mqmzbl(l-el)dv N.N'gddeamathylumniumha se

[ dd
ST osol acneuanRRBEb g BETON, Fpuypie3 3P B (B imetie Sidiqlaofeeiate-
" spunodwog 5meirbammmﬁﬁnmacm9reswaaﬁa\@ﬁ yE16{2:2 DR taAb-A AR atbBRYIRVcidue Tit
paza~smpe aq UEO spunodwoo aqZ (pg/q so ajydal_ p.nr zr[ ~aua, ~ yqgi a~
. I a~sweqMOnpethlaster._ Sgc.a8 nkxamples 8 and iy Theawacil itermediata-gan thep undergeon

f op ~ asi o~
it a-scuc g RS EYHEackN 1A 80t U (e ¥ FOyE RO ahy idflor IS
uones~st ugisiitia xamnlyine cpmpoamrb@,r compeay J))pwhithean aaderge fiathes fimctionalieation
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anew sl smyg diER . ~sal. aseasrp ~CubEw ur. ~oi ~ol og~ed awooaq
sl aa~a aggﬁglseﬁanawb*l—#ﬂgglacg@gggdg B eyi@ﬁ;}g}n. E%f?}?&ﬁ t%w-‘% the-stasting, maesial;r

si 0~daaai (ieuonpopad {Hpisa-BOOOR;-CODR Y cRRBxAneivhertidivh ka1 d4Q A /3~610
12 NMAY 2004 PC'I('{ US00/ 31058 n{:ra ural ly, intraocul arly, bucca afny, ectally,
t r ans muc oSXepsndegily '\fFBreF‘?ﬂ‘l%\ka I-bﬂkyli orfieanylathe phenyd rigg beingraptiondllyy) ) or

i nt r avenosshsaned with1as i : [ t COl nds c e, adm ni st ared
in conjunct on with a %gﬁggﬁ’%égﬁ%ﬁﬁ?‘f@?ﬁ‘;"%gﬁﬁﬁﬂgﬁﬁﬂ%gﬂ’ h%‘gﬂ{)gsf”i bh
{e.g., inalkewbiPreferablyvRi and:Rueveidedtond andieeprasentimiethgl aietyt! Threa giffiem | bed,

| ncor por abokE rEREP B tePllln £ Y 7 we ghnloreton ofsrunzawad @) korompeunbe
further d@HY(anfexemiple Mtﬁnﬁﬂlh@%))gR%ﬁﬁ"(ﬂ’j GM]@%E@ %ﬁ“a@f %IL,&,@C; the scope .

of the invention describe n the clalns.

g_— (3- 0{ o-tﬁa‘b“i%i_ HBPG:m??@dZ(.I)Zpdt@tcomspb)lding ?hht;qrtl@p5c7 it ﬁat’giringiédmjdf_ mgmlé),ic‘;p}ﬁcg, 6-
ione 1; 3: oda [ OPYE an- 2- - - di ro-purine- -di one
(370 ) oy, Sfdorades'd bd AUMGL SIS o Tor g colistmentinect Fhievalais- 2 nceane o
-78  C. reud/est¢r(IH). \SeerExaminesc?d, and. 800 Rbule (298158 SkRfves i eﬁfdriér?ywm hi

4- oxo- cyc) oh xang&gr boxgl i @(;I,d et hyl, ester (9.37 mol, f 5 ] an(f t]ile
reaction W?W §omp W‘ﬁa YiAaeethes intermaediagt campannd (XKW )othe iodagtityl- The -
next day,cdnegning defiv W A 2 Ch. The,.reacti on was
di | ut edyv&; th _vvatgerhaﬁ(i:l\/e\(g?rog%tse 't%&egfkﬁacs%%aagpglyg‘ﬁgopﬁ;gf(l\ﬁﬂi&@ri ed
and concelfthhin¥alves the transftumetiormoficompoend Ao thedd-bivpclof.Z.Djoetins asiEARRY
(2:1 hexm‘g@%q%gr detgxg" . 30d of . ~' the desired alcohol derivative.

Thi s prodic AUNE e MtEEme ?a‘%abc-o‘?%%ﬁﬂupédm-n53 Example THE and an aq.
sol ution of Li M_&nﬁg ' s?ﬁlﬁ'éj i ] s, stirred
at RT for 18 h%ﬁe%vyaes ther%ﬁ%)\é\%%e W ﬁa-&ggigkfﬁlé?II?&dg?Rp%é‘g%%cgw\éfﬁ&boutf

ext r act edOiPPY IE3 enivalents of p guongbdsay Strommbases thatlcdiNseZERMbyeaT el this reaction
concentr )L acj di,ssal ved in Qf acetic anhydride (3
n) and 2??&‘12(}3{ O?ﬁ%bé{bﬂﬂ mngﬁné i@?‘@ﬁ' ’f?i"mﬁélffi(’l@&wé@h‘i% g‘t‘@cﬁ.«Dﬂiﬁue
resul t i ncheingsthel peefevzad basas Tlypiesl sofvemis @Cthiy @ ' 'ﬂxranag‘mﬁﬁ' HCO ,
brine, drj.ed,(Na2S04 ,,andq}:lgncent reate@gi,C Pur??ﬁngtﬁ?lgﬁe%?agﬂérrgmto raphy
(2:1 Et o&‘e?’ﬁ@?yyat%!@ diaxannang i-bpwl methybether, wits THE bingdlie pifeareyiselvnt.

8- (2- Oxa- i€ wabMrPsioutd B perkintled ina BreRlr A hge of ol 08 ixne: Zaeedi one

The reaction mixture is then treated with about 1 to about 1.5 equivalents of
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4-1 2, 6-di oxo-1, 3-di propyl -7-(tetrahydropyran-2-yl)-2, 3,6, 7-tetrahydro- |

H purin-8 yl]-4-hydroxy-cycl ohexanecarboxylic acid ethyl ester (Exanple 1)
(270 mg, 0.551 mmol) -24 12 MAY 2004 WO 01/3610 PCT/ US00131D3AY 2084

di ssol vedWGOB410 of anhydrous THF, and LiBH ~ (2.0 M sol (RGTVSA0E1058F, O.

m ) was added. The reaction m xture was stirred at RT overnight. The next
day, the reaction was quenched with 10% aq. citric acid and extracted with
Et CAc. THuomeghipracthang & thagsesenned at heast éa:hrqui&alen&@lﬂ@@@h(g@htes%%li’é? 1331 he

i ifi : EGAc) .
The pur o grHEE RrANRIUYES Bt 84 S Sabva e ) by otdingrs (BMPURA St 3N (

1.2 veaowR-gciant 13-bioswvrug Swvi ' i L Cl i :
The (ragz;lction vvg_s sti rtred a'tSMtRlir'??igrEﬂiﬁ%ﬁg%ﬁ%{hgﬁgghée%@ﬁgéu\%f%“é‘ﬁ%eddgegé.

NHACL andoBentssuckas mhdimqﬁ@(z@tgmedioxgxgnbxc&ﬂ;mylgmzhﬁsetmri(e,ﬁ%(mggm andCI

ncentr T r ting resi ,di in THF (2 n N H
(o1 " b brerel LERA b TR ahEs Fhgink fram piouk HO°C2olbowdE) IRingd wi t b
H20 and exdsuatieaslion dah bEpeHemel Yy MiARlifi &&Xﬁ&m‘éﬁm%:gﬁ o-gtg}sﬁgg“- nd

concentrated under reduced pressure. Purifrcatlon Manoz JeN
af f or ded of hexxylmethylphosphonsroide (EMERY), BHizh igthEx fotiived byAestment 3tta strong

1- (2, 6- diQx0= 1y 3 di L-2.3. 6. 7-tetyahydra-1H purin-8-yl ) - 2-
bi E:ycl of Ifgé"o?jhégf HW%WFn%gﬁsgprO,%y@Bﬁ/%{lﬁF@aeE;L'egar ngiﬁ “c mcid ethyl
ester was conViurhiag té foutd(2),ahe Elﬂ&ﬁ@tﬁ?i-é&tiﬂﬁﬁé'img&?ér?‘(% 5%%@%%%1@%@? an

establ i sheqdégro edure (Greene, Protective G oup ~~= esis,
Third Edi®fémic forRithe desirad iadeethyheaniaining imernedmte @I Examplesibfivdideed i n

hyd = Y ar flask, 2 2.6, 6:1tet hy! pi peri di
(15" o thaf e be cmplofbd in il ackBRHAR spp@Roaifie; selingiums iR, lihudg s and |
nBuLi ( 2idfideylor térebutylasmhoriumriodide, witleNaling the Prefétred BicRd #eag cidbier 15

mn, the ketal.splution vvaas- @lgded and the reaction mxture was stirred at
- 28C f or TeRcHon jheR fondurisd if the pagsence®f auitgble strong)basssuchdd dd A od lithiem

ti onjgyl | hed w th ' d.
T e R S e S e S R
ot B et 6 L0 he g oot Dot TLB € Th o e D gy (2

ex af f.o er inter e. i s diester (8. : :
ot wesoUPLB YL iy PP R Reargennd)” 1he retssonaheud e contomed 5 2. 2 g,
2 eq) ""a&n@&?ﬁ&cirﬂndﬁg?h’on%om %scwggougmi od of 15 min. The reaction

m xture was stirre OC For 1 ~ mn an en warned to RT and stirred for

1 h. It was tReferrin@® routei(3Linowhib/'thaGearii(p ﬁi(eﬁhﬁédhﬁﬁﬁﬂ*ﬁ@@é&%ﬁgd cooled to
0C and c_grefi.ll |y I?l]upenccg1 with of 5% ag. NaOH (10 ml ). The m xture was
fi1ter ed BRI REOMPPIRGE ’&B@Pewcfi)dﬁ it &igated withrahout Bigabayt bi5 eguinalents
|t er medbed @ronfitsse dichlas( Da 6 ihiund is3pFOpPlcycibfiythiiae il LK Bhpdhe'e ( 10
preferred base) 1n a suitable solvent such as THF, dimethoxyethane, dioxane, t-butyl methyl
ether (with THF being the preferred solvent). The temperature of the reaction should range

from about -100°C to about -60°C. The resulting reaction mixture is then treated with less

than one equivalent of bromochloroethane in the presence of at least four equivalents of
HMPA at a temperature ranging from about -80°C to about 25°C. The resulting reaction
mixture is further contacted with about 1 to about 1.5 equivalents of a strong base such as
LDA or lithium isopropylcyclohexylamide (with LDA being the preferred base) and at least
four equivalents of HMPA in a suitable solvent such as THF, dimethoxyethane, dioxane, or t-
butyl methyl ether (with THF being the preferred solvent). This reaction should be
conducted at a temperature ranging from about -100°C to about

-60°C. Note that no isolation of intermediates are needed in route 3).
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eq) was added. The reaction mxture was stirred at RT for 18 h. It was then
diluted with Et OAc and washed with 10% aq. citric acid. The or Lo, | ayer
was dried (NazS04) and concentrated to afford the ditosyl atbzdgﬁk@éi ve.
This mat eWio91/346% di ssol ved in THF (60 nl) and of 1 N HO PCIFSW$1058he
reaction mxture was stirred under reflux for 1 h. The reaction m xture was
cooled to RT and extracted with Et OAc. The organic | ayer was dried (Na~SCa)
and concent r at Brtreiandenany enkilvosd to furtheufunctichatizé campiund (B whidhovataigy aphy

214& ge)ﬁig%}l{pmgccyh@ g(];}fg |%E gﬁ%a%h&ggﬁgﬁﬁﬂemggy?%%lr ?}Ea%mpqgrcio\rln%oiuxg (J(gfcan be
1, 3-Di P - el 5 i - fi 5.30
pr %\ﬂbgﬂed(tb‘iﬂé &:?ﬂélgﬁdhﬂﬂﬁéra%ﬂdx% aiid)deﬁvzrtl\g'. l(ﬁ}zfg(r)»?ar%ﬂ? 'i% ﬁ%’t ?%%iog’&g B (

g, 16.5 mmol) was dissol'ved i'n anhydrous TH to -78 C.
nBuLi ( 2.esteigraupficempound (J6(p6ividad that Ragy notds) tagilethe tofréspording yartbbrylic

R B R0 P e
over ni ghtgorrEfond aldEhyGClie, Bh@thef peifbia WaﬂsﬁHﬁﬁlﬁUﬁﬁerﬂn%&%ﬁé‘o%\fc Wit_trﬁg-re%g :

The reaction was diluted with water and extracted wt organic
| ayer wagodemethexotresponding aeralie acid demvatived Ses d.gorowmplas. 5, Byl §.fli6cand dh by

h t h -1 hexBt OA ff d.l 0.4 f the dit | at t hi
o et SRR Yl B s P ety b s dubriniing ol ke s 800 ) “and
powder ed Eiéﬂlbz 1% ). 0A differérfi vasiddRa is Mﬁﬁﬁtdoﬂ?oﬁﬁdw dRedBBtoStsl dobr@Shonasiey

or .

reflux f It was then cooled to RT and diluted with H20 and
ext r act ectldghyre. o6 dagher yagationgisip gransfomn aggsiergrontaining compoand (Thtedts

t o L PuEi ficat 2:1
ol £t ondriesaHRle NS adi, SREHIG difebly (o GEAIOR ALY ATRRRIEROBADI (T 1
deri vat i anétionaliz, thé pfecunsot Jompmnd iof the 2Rl moferDMFote/@upling tMhOe 139 g)  was

added and_the .reaction mxtyre s .stirred at, 70-8QC .fqr 2 ys. JThe |
et o JiFUDStfE b Sied e 4R SehaME k@b g Sr RS B S PR minaragl 1

EtOAc. T y C r i : = Afication
by chr orrrza}ﬁggpri aphy %ﬁgﬁgﬁéﬁé{&cﬁ%ﬁ ?‘lg}% 5’@%!‘ 383.(:)18&% ioé tﬁgdilliote%gpg%% und. M
(ES+) 419Wahgeesin)e Sde E2nple 362 MAY 2Q0 WO 01/3610 PCT/ US00/ 31058

3- (4 Hydr oxy eyl 2 e bl el 21 58 bickalt doimpotnd R Mari Gl Mo -
1- (2, 6- di @%folind (V)P TS Plocess Alestratddah FRO Y Eplbit SikHilaP cleniistry és DMaithedh of 2.

2.2Joct - 4-yl et thxl ester was prepared as described in Exanple 3. This
acet at e dd6. ¢dut {iest prepaes theprepione agidside ohais onithe bncy@lgtszcmlmcaewm

K2C03 (2 : 1 SOl UL i i . Of . » ion
it ur ¢ g S Anatle LY sREed it RRiot ol by, iAol eyt AEEAEH, |
H20 and Q-)bhg:@ﬁh@@m)t With fagerd tdhempogah{(>CX), Ry afid Ramust bechepiieat§0differentin
concentrated under reduced pr&ggur?. The resulting residue was purified by
pr epar at itheir Fackvitysiergy mebyhaneRes®yDatford the title conpound. MS(ES+) 377.
Exanpl e 5 : . T

1- (2, 6- Dl oxo- Tog Qi A e e R e s Formatian o o Moy P o- [ 2
. 2. 2Joct ahederrespbndipg alcokwd i(X) dAndothe suksequknt transformation of the alcohol (X) to the

1- (2, 6- di Qx0- 13- di |:2,3 6, 7-tetrah -1 e

oo e 1585 05 SiBr b BRuUPD ST S WiBiveg by sopenifigation otahe FUEF s
descri beqrvim) foxBéentia (1) follibwedBefedh@ionad itedltond] () SedBxamiples 84,80 hi@d6i n 3
m of Cl2"and 3 nl of dihydropyran. PPTS ( 10 ) was added and the
react i on Adterativsly,gempound: @dl) gan prderge redgetion (sigp (?lg@sc ExamplelQ3) andas

S Y
pr essur e.altthfative Sl involves e6pahification afd 6yalizutsh éficohtboiind ¢VINyké ptoduce K~CO3

(450 nmg) was added as a sglution in 10 ml of HzO The resulting, reactjon

m xt ure iespound () (gepsX’) andh(Z1). Hheserreagsions arervell knavartahose sledaindhe
extracte i b | r i ' :

concent r((}’t'ﬁgld"g %bgg?oggﬂg{zﬁggéi co%f)af Sgglﬁ (\I)‘gtﬁfu\/@ﬂ)e&isclo&'\ﬁéﬁg@e p?@&sses for

8- (4- hydrthe yautforpatidn of diei aigahiob(X). 13.tRe) cartesfronding dlefin (K .oSptcificallyestephydr o-

pyran-2-yl) -3, (-di ro- pufine-2,6-di,one. is material (32 0..7 1)
was di sscd’.}/égﬁﬂgﬁ“%w éf"’pgﬁﬁﬁﬁ’ﬁ:&’(l zﬁ‘dgl,o-gga@cﬁmmv&a@&a °gFrg’?%f?F8“P€?§"1t) i on
m xture was stirred at RT for 18 h. The reaction m xture was diluted with 3
m of 10 %aq citric acid and 20 nl of -H2® and quickly extracted with

Et OAc. The organic | ayer was dried (NazS04) and concentrated under reduced
pressure. The residue was dissolved in 10 mM of HBO and 20 ml of CH3CN
along with 1 m of TFA. The.reaction m xture was stirred at RT for 18h. The
reaction m xture was concentrated. The resulting residue was purified by
preparative HPLC using ag. CH3CN to afford the title conpound. M (ES+)
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Exam pI e 6 1 2 MAY 2004 PCT/ US001310~8

3-[1-(2 6% X@161e 3- di propyl -2, 3,6, 7-t et rahydr o- 1H puri n- 8- ?U fi)a b| cycl
o-[2.2. ZJ oct4-yl~-acrylic acid 8-(4-Hydroxynet hyl - 2- oxa- bi Cyc

pct- | -yl)-1,3-dipropyl-7-(tetrahydro-pyran
2-yl)-3,7 B&H he acc
procedur eo%u{%%% i r¥d egfg@ﬁ%%%stg?)‘% Ecd‘;/ ?%?Vac[on&ém Y “EFaBS

mol ) waskefivasolthese ﬂkﬂled inithedrt. CH2C12 al ong with the Dess- l\/artl n reagent
(Lancaster) 15§;n ZFE\Né Ther tlon mxture was stirred at RT for 1
h. ' The reactid% 59 d SC‘HWQH'P aa d (XXX baysbeeniprevipusly Myscribet

extract ed e or | an

concent raltn\eﬁ(}é Etr?der g(gr r%%-? Aprlgglgurgelj{ ?gq‘;&l}?}ry&jﬁg a&\lgﬁ%&'l?‘ﬁf‘grsr@dl at e.

Thi s mat eflickmofiaB. anfr&hefn ﬁ‘bq R.hrbsdrmmllmm znsop(fi ealslfeﬁdr(p,g;ﬂq;ﬁ F)).n | d

separat e 0Ss acetate L, 1.2 was ssol ve n

3 g1 of a%@&%\ﬁ‘w g%a!% 0CoMF g wed!- q\wnmemlﬁe FCYI;,O ~1:L)
dd d h

was addeckxatipie; comisb ﬁm@%ﬁﬁm%ﬁ@&d Biechi9by Hkalll agéoﬂolg*ﬁ{;hg}%g to the

sol ution of the aIdeh e reaction m xt was stirre or 3h
and then falqmw Pﬁl%tA'dcm@Iwelwmetmcdumttonamy@dcmnpbuﬁ

s i o dyEer Sed G5 ATt LeRUR N ki Reaple oo é'séq &) Sgﬁﬁe

stirred ahthli‘dl[a.xfecm 113 dialkyTiftoketC Thidniniddidte weid dh kirhete i 5‘4{5@9@ 6%’ tric
acid and extraﬁu w.th Et OAc. The organic “layer’ was drie ~) and
by rfi WY

concent r a8y unctignal (SFP‘!W“EJ‘PE%FIQ@S afghisisprCaresiomynemandciie Rhowh toonkeef t he

titled
i Ipr ogyl CQM ag“?g{? F%P{S/Eﬁg)]r.lgé tg)ulc—,l- ri n y’ﬁ( %Péigﬁaua&gzﬁ%ﬁ{’iws"z“
oct 4-yl [epmpleanfeotmmg adL3- dilsubﬁltﬁteﬂ)riﬂdmﬂmﬁmdaq@lr Witly b casbdxlic’adi@ FslRwedr o- 1

i Cof | nedRbei R B R % ol SRR (ke RSl Raomyered i o s |

hydr ogenabaespahding bedttRle, fodideSdr tQ | 5 rq-,g,g re was
filtered thr%%hl%b{oad of Olel [ tre g%ﬁa%gﬁ?%ﬁ%%%}ebgagp(%gg%{gnt rat Qrider
an

reduced M8L B4, ¢ griflperometanesudfopiviantlydrids if Bipredehide oExabp! € 8 - 29

= (2.6 %‘%%y%%é%ﬁp%ﬁmw@ﬁﬁmemm YR e BRI 2. 1) 0

ct ane- 1c&nt}m<thalyst deridedTfom Spdllatlive s (Pd(OAC)z, PdCl,, Pd (OzCCF;) etc.) and
bi cycl o[ 3 (it 1. ~-dicar boxyl i c aci d nononet f’u ester Itars aE W ;
Tsanakt SPBP n& gﬂcﬂi {PPhy, Portolyl)saeed folipved) bmunmwwh aonleﬂn -(such as

T il e el I e 3Bl BR b Su ERRYy ol )

r}

pyri ni di nen@rsierdoﬁiheettymoahhbomsﬂenﬁxﬂgh&id wouldl fbtvxdidc J;b 2m , 1985,

28 (4) ﬁw}r’a 5 94 g%é)bg 25 m was _ads ' t 17. 82
ivelyd Féﬁ‘&% ?%‘H cPRyesisd therscighandthe hydrogenasies th

concentrgéﬁwt@,bgo ve DMF. The resi due was di ssol ved I n Et OAc

and washed with 1N HC 5% NaHC03, and brine. and ' dried (MySOa).
Filtration an8lGvediselasssarprocss tvpmtphne af:ide(sdsmpmindrfﬁ()éﬂ))’@h&hdgﬂ&rﬁmgl uting

R el e o L S

~-(6- ani nmtﬂxdmethme@ul;t‘mﬁ dhiydae!
yl car bam) - D cycl o[ 3. 2c| ] oct ar%ﬁi@%rg?cggiﬁzfg&ggﬁ? ?ﬁ"‘rbfo 238
nmol , 0. Nl r(ezt giepiije. otep (Mﬂi)a lovmacmmmmmmndmowm

LﬁLLEﬁ??Q% W‘ﬁ%&éﬁ%@?ﬁrﬁ% AL TPHT A sk 24P e one.

HO and etedrandaiphesphér ligand (Epsaw(o-T&l?l)petml mhﬁs Em fBHbad by e¥pdshre'@shed
with H-0 ang brin @& arll_% dried Filtration and evaporation foll owed
by . rev®® QEhipmetyl garviats, methy arcml e £1C) @0 eﬁwdgommmde(gcacwab (whereiB ( ES-
389. 12 (MrH-cE0G -CH=CH-). In step (NN), compound (XXXVII) undergoes hydrogenation
with palladium on carbon under an atmosphere of hydrogen to yield compound (XXI).
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Exampl e 9

8- (4- Hydroxy-2, 6-di oxa-tricyclo[3.3.1.03" ~]non-1-yl)-1, 3-di propyl -3, 7-di hyd
ro-purine2, 6-dionc A solution of LDA was prepared at -78C by2a 208n of
n-BuLi ( iw@olkieho hexanes, 1.7ml) to a solution of iPr2NH p8rodoomivds, 0. 506
m) in THF (25 m). After addition, the LDA was aged at -78C for 45 min. To
this was added slowy at -78C a sol ution of

1, 3di propyl - 7- Chetiig@tyrRIGo Ry édfipodmy| 3an7beCU hyéHeaRrsEo dxd ﬁqa%agm
52) (2.78 mpl, O. 8%(3 |ny o’ﬂth (X) . Af toer sti rrllgﬁo%'not hg%ﬁa{? 78C,
A e 2. |

a sol uti oleavmggrepdi alod@tlrﬁi enD.3mesylatq, pasyiate, Xosyategind, J. Chem

added.  Tni e %‘%ﬁﬂﬁé@gf% (Pltdenod BroBRFLG) contih 8 stpless Srucarmelobis SRt ur o

It vwas quenblssce.pydinkdhylintdlomite, S8 therpaésercefiaGasa 9ethax! & AChitthotided TR 1 2
May 200 WO 011 34610 PCT/US00131058 Et OAc. The combi ned organi ¢ extracts

wer e was hteaViRg roupL &) apight alse l’ﬂdlsﬂ%dd%ﬂdﬁdms a%lﬁdndm pr$sqrice bfjsbase) .

Filtrat t I | ut

W th an CRORE ERRPGAE COHelfon SHECcSurs of AREYER siipurich BIE SRS “Usog |
MS ( ESP+, Medfhm’ sfldk‘jd(lé' tl(d\ddxtesﬁ’cﬁ%ng 3ads. fﬁlﬂioWe‘lﬂ%decﬁ%Bx)QEndrﬁﬂQWes dempound

sol ution qf 8- 3- hydr oxy- 8- oxa- bi cycl o(3. 2. |

] oct - 6- en\32MYyY- 1, 3-di propyl -7

(tetrahydropyr pn? %aﬁkaxoészn%mw.m.e Qﬁ\l%n@ ns’em%uﬁrcapaé BhpRFedifieCT | Ded

above) {0.22 mmo in 1PrOH (2 and ed MWPP
(80% 0. 4prodned vmmuzzéhng()unds wﬂalpmmponln Aép briregunent of campowxdi¥el ¢Z srBr, t he

remove 1 ol or0 Tiad RS EbtreARidonan g Bl biro il AEr | ulb to i apavat o,

NaHCO3. Tbenpdﬂamamneg@]f@aeomrz,epmymommg) H2R ﬁdamuoagun@ i Ogvpﬂg,

(MgSO4). Filtration and evaporat ion provid as a

foam r3CPavRIyDEGetrdis folipwrd by exposusgo cpmpo 7-21Xﬂ1, ZnCG_MgQu SnBus 23. 00,
oy o1 S Blgm e - COMTCOm o e Cogitie &) ) clBcEbofe,

204 hydr o Cz‘*%oﬁ'?‘oﬁg’ﬁ‘f%‘y’éﬁ‘é SACHCOED to afford compound 73 R =,

(1 et abydieGHhyiraprangi il e ot o Bl doage o
i ed | ae SCEOTE (éHgU“"W@ CHCH, ECCHSHICORIL, CICHCOM. WydfR -

stirred at” roonftenperature 4h an

resi due weesrahydropyramt2ip}- wrehpymﬁxqmwmethmmmtowiﬂdaaw@mfs, HCIeMOY g,
389 ~HNI\/R 400 VHz 6H)., ~~ | .48-1]. 2
1, 6/% 1. 70P[O¥ CECWPW‘F“" 'ggzvqggeo%‘m 2?%5@ %%%ﬁ?‘“@%d 7‘2 (%8‘5@ gg;f( m K
nggo ?m89051‘|fb9ahd(m= @OQH é’o%ﬁe(@ozﬂt &Cc‘bz?s&e d¥Ceo,Et, bH=cHCcoMeEbr s, 1 H),

8- { 5- Hydr GW(B@iEtbCHy@HdP@ch,I QUCHALGHEY) witls a datplysidarived fromi apalladiymr i ne-

2 o am oo PO FHQACHED 21e10) 502 physphing Hemnd, PP IO ol D, e i

yl car banpydljowed by s%uetolddmﬁo@ﬂeﬂt e@%@lcm@rosm B{OMy; &id K gr epar ed
as descri bed fo?:’yExg6 | e 8‘) i 30 g) was aédegl IGL{?;ZtHI—la 2M i n

THF) 0. 54tawahy ppm-%th orr -ngoammwi)a@ afferdrfiompened 413 (Re= seteahydrenyran-

fl 90 l& t f
1N Ho A P e B e OO s
wer e wash@H=¢HOOsMe, CH=ECHOGBOTH,CITO,Me] GH,CCOaBt). Whead(%l\/gSOa) '
(ES ) 415 ermhydsRaa20togr |- Ry lisiey Ry opmeniyath 854 (REALBETS S (a3 4610
i:' (C):I{ gﬁgml ﬁ%o Péﬁﬁgcf-g \merékryﬁr Wallgé'lbség'a%m:%e&a&d coupling reaction
di oxo- 1, SOﬂdqamnpy\hraml mo&mm&thaﬂhjﬁd -2)gotane agichivéhigh hascheien desctibsd abows).,
0. 20 0%, m. t d d ref
0,20, 9) 4 2204 k(R ol 7 ISR EF G T 2SS e AR Sl
concentr akﬂd(ﬁd@OA@ﬁdeClV%tbﬁCF;)@%tezuﬁd $pBosphinéiligafdl (KM, Peodblyllsfdic.yisnc.

HCl ~ and then extracted with e conbi ned Et OAc extracts were_ washed

wi t h sat ufeltowedbyiqepesure-taaneletin (methyl acndater metdyl moBiodgte, atlyl aleehalgitc.) to
-19.




and evaporation followed by flash chromatography el uting WII‘
Et OAc/ O%Z(:&%q?lrﬁgg)ded title conpound (0.077 g, 40% as an (100
MHz, CDC13) i (g), 11.74 (q), 20.26 (t), 21.71 (t), 4 15

(t}, 37.29 (t), 43.49 (s), 45.54 (t), 45.67 (t), 46. 14(t) .46 90(t)

70.51 (t), af?drd:l:?:mﬁ)amd 9‘((%7(R03 deecoimte; C2codE:, tH=CicONe, Aulchied By

162.58 (s).
1-(2, 6-Di oQHa@HKZHprleySteﬁ,Siﬂlﬁlﬁei ebasslpysihied byaeitidir gtutbolr 25 % d@iifudd | ©Y

loJ [3.3.12,03 - 4- t dT t

6 (4- hycl o6VBe BBANB s begroddspanes Jpgmé‘c's}m@a‘ilﬁ&i%p?&;mmmmeon of
tetrahyd 2. 6 di (0. 065
ol 0. 030 ARt e Y18 B KA b e bt siep dotesimen

0.0027 g) efrcompeupdf+t Gb= CljBr, ul@rmwmava&}ﬁtaéﬁ@dﬁ%snasﬂ éﬁ‘ﬁﬁ?iﬁ{at g(fje 3hh
er e

Feacti on ﬁ?@é&a@%ﬁ@“ﬁhﬁ@f b PR EeR G S5Piod P a-oty O80 i 3X)

e ZSZ‘SLP‘?F?‘S‘E"?? SRS 8 SRR it et il mBl0 Sob Bl M RlbanglL ot DT O
?r orzmgcglt AP BMRP&H% Cgr%MerSr?ﬂ‘zf_:O’let{gH?—,Cé{C?OZthg rahydr ol

H- E)UI’I n- 8- ]‘ilnzl%éjj g q}gﬁ}h&é&’l %T)Sggq’ls @g“l"ﬂeﬁeﬁm g’% ofiehe terminal éld&g
tert-butylgess @ircotdpotfid MAYR = 1, R52 CH,CH) \f/il(g ﬂ“%‘% mmﬁeé ngltaﬁgaérﬁ‘ th TFA

( 1 mM) and stirred at roomterrperature 0 e reac
concent r atmeeans 2. dvaid Oz, NaHul Ou ne-methyl-athutqmar b. fNa§64bgtheverse phase HPLC to
provi de product (0.0036 g) 8% . M (ES+) 435.13 (M+tH). Exanple 12

3-[5-(2, 6-Di oxo-1, 3-di propyl -2, 3,6, 7-tetrahydro-1H purin-8-yl)-bicycio-[3.2
. 1] oct - 1- \DEFEN¥FTIONS aci d -31 12- 1~ AY 204 WO O1/ 3610 PCT/ US00/ 31058 To a
solution of 5-(2,6-dioxo-1, 3-dipropyl 7-tetrahydro-1

H- puri n- 8-yl ) bi ‘F&Hc?f?ci%dﬂéﬁ&rﬂﬁt%ﬂ%&ﬁb.i c acid (Exanple 8) (.29 mmol)
0.50 g), HATU ¢ paaagall 0- di et hyl hydr oxyl am ne

hydr ochl ori de W‘CZ’% rmnF“'p%?ﬁ %ﬁmr@ﬂ% (12 m) was added i Pr2NEt (3.86
mol, 0.67 m). rafaacta;hxghpmsurethqmdmhmaom at RT. It was
concentrated a to re DME. The residue was dissolved in Et QAc
and washed wi thﬂfﬁlﬁ E#l %ﬁwphmdﬁrl ne, and dried (MS04).
Filtration andmmfg@tdgwmd product (0.791 g) contam nated with
DVF. M5 (ESA 432.13 {M+tH) To a sol ution of

5- (2, 6- Di oxo- 1, T¥IRmefrs py/terabygirapyranybt r ahydr o- 1H- puri n- 8-yl )

bi cycl o[ 3. 2. 1] r ci,d nmet hoxy-net hyl -am de (O. 232 mol-,
0.100 g) in THW%%#“@&%%"M %ed a soiution of LiAlHa ( 1 Min THF,
0.52 ni). AfteDMEmlefersaodxmanﬁfarﬁﬁnﬁ@& stirred at -78C 30 min, then at 0C

30 min. The re&(jé nched carefully by the sequential addition of
H20 {20 ul), é&&%‘ls ’PhIQFR:I )(an@-lpﬂ_benzvqunom;spena on was stirred'

briskly overni | rinsing the flask and cake
generously w tPBILLFéf G%flosr-éé ony?lg #%&ﬂﬁ‘ggvbﬁnﬁsh chr omat ogr aphy, el uting
with 5% THF/ CHD:BqufcnS\todéddxmthyclb[a(ﬂo -YenH6% as an.oil. M5 (ESH):
373.17 (MtH). C #Utl o‘{;@of La“ nmet hyl phosphonoacetate (0.3 I 0 nmol)
0.056 g) in TH thracetamids. a sol uti on of KHVDS (0.5 Min PhMe,

0.6 ml). After LEA feférs %o Afhilh Qi gn of
5- (2, 6- D oxo-1, 3-di propyl -2, 3, és@,é@l%ydro 1H purin-8-yl)-bicyclo

[ 3. 2. 1] oct ane- P"Eﬁaﬁ:mftusmydduenhsmn'&umﬂ mdhoBgdrat)) in THF (2 m) was added
slowy. After ht at_roomtenperature, the reaction was
quenched with ﬁgﬁfﬁyﬁlﬁﬁ emosHeat “Hmdteact ed with Et OAc. The conbi ned
organi cs wer e WNCSveferstd N-chitfrbdiat ¥aHC03, brine, and dried (MySQa).
Filtration and_evapgration y| el de roduct (0.119 g) contam nated with

excess tri met hfEATREsHiromisthylamine. IVB (ES+) 429.16 (M+H) A sol ution of
3-[5-(2, 6-di oxg 7tetrahdrolH— urin-8-yl)-bicyclo
[3[2 (1 ]oct-l-yﬁb%g% |€9% \‘Ef"ﬁ"é‘[“ﬁiz?”&gfw ’f(YGa‘PQEYPmol 0. 3653% 9) Y THE (4
m) was treat eHuaig'staserdferspe ditéopFpyWittiylarkind! kc%tﬁ]z.nlcpi,m The reaction

was heated overnight at reflux. The reaction Wwas cooled to‘room
tenperature, diluted with H20) aci dlfle_dzd/gth conc. HCO (pH 2




3) and extracted with Et OAc. The conbi ned organics were washed with brine
and dried (MySGa). Filtration and evaporation foll owed by reverse phase
HPLC provi ded pure product (0.010 g 19%. Ms (ES+) 397.24 (avrMAYdour 10099 Ms
(ES') 41wol1g41p, 10.0% Exanple 13 . . -32 1 2 MNY 20BCTHDS@/31856610

PCT/ US00/ 31058

4-{2, 6- Di oxo- ]DM’QWP%"J@S’EQ@?‘? gﬁgy@'}f) %ﬂlg’yrfd”'r 1S-yl)-bicyclo (2.2.2

octane-1 carboxvilc aci g (8.84 mmol) of

bi cycl of 2. 2. 2]TRA aefers 1o difllioraétioacyd, iCF ;- BDOHMONOoEt hyl ester, 2.60 g (9.89
mol ) of 5, 6-di_am no 1, 3-di propgj -lH-p rimdine-2, 4di one hydrochl ori de,
5.32 m (38.1 Gkt ersfio het-carboqyidiioy #ﬂoeanhydrous acetonitrile was added

3.76 g (9.89 Lpeffer%T&'ﬂsog ‘g,?ﬁ%hqﬂ,d?gé ution was stirred at n for 1 h.

The reaction ur e was conce ¢uo and conbined with 40 ni

Et OAc and 40 rmH.qM ﬂefdag/mnt(mydromhcthylj'mnaqumts | ayer was separated and
washed tw ce wi.th portions of EtOAc. The conbi ned organic fractions
wer e washed V\ATEMSZE)&’WOSHP'E‘PHW of sat' d NaHCO3 and brine and coned in

vacuo. The r esilgl grgg.h SSf%%WWH{?%@WP%x*W@%%%@f%Fr ound- bott om f | ask

equi pped with a condenser i-PrOH and 35 m of 1
N KOH {35 mmll)z-cmwnheaﬁensdoﬂd’rkﬂ-tmoxa&yd:ledodeeater ng for 1 hour, the

reaction solu coe.drnv tak in 40.n . of vvater and
washed twi ce béM%Lgaﬁ’Fﬁ 10t Himgtiy a% h@lﬁ)‘amf@tﬁ‘r%oqeayer was
acidified wt Iq-mq@fgrsl-llgll,@pgi té%éﬂ%ﬁﬁ&é ant precipitate collected by suction

filtration to give 3.00 § (87%yield) of an off white solid. (M+=389 ~5)
The fol | owi ng Sating cafersito aamqmemmctaturalechsodmbmgndrssummmr Exanpl e | 3a:

B (4 Ryl oxy - Bl CY Sl 9k 20y ChRS Ak In S RE R et o S B RGR: ©
6- (4- Pen?)Yonﬁb@ﬂrfdstgrcgseakﬁ’@Bpﬂor%L:Dueﬂ-:%?’h(i'é MR octndr i ysibgidtl abord. 6- i 0

Exanpl e D oxo-

1 3 di pr apypodpedsamsl cpnmttrmﬁwgm ﬂwrdepmd mo;mgl(s)
b| cycl o[ 3. 2. 2]1‘9}(}?,%&59.‘8#%%?%&)%)% §89€cr d) (M++ = 403. 30) Exanple 13d:

[4-(2, 6-Di oxo fetrahydro 1

H puri n- 8-yl ) IFTqRGefefs2o R odtiGtandforth infradéddspeifosagpy] et hyl ester, (M =
418. 15) Exanpl e 13e:

8- (4 Br on- bi AR offers 1o afesueted topalyeflecmnge.pr opyl - 3, 7- di hydr o- puri ne- 2, 6di one

: = 425.
8- (1 Aza- b| cyﬁ%?%qg?%%ﬁo?t?/?e)cgfc\??%ﬁ propyl - 3, 7- di hydr o- puri ne- 2, 6-di one)
(M= 346. 31 NMR-rdfedd to\tudletrqproter) ridgfets R6eHaned spEoReseben themicat sHifts arr e

2?%282??%%' 7 BBBP LA PSR Rhe Suzuid , F o33 - 12 NAV 2004
psi refers to pounds per square inch of pressure.

[a]p?’ refers to the angle of rotation of plane polarized light (specific optical rotation)

‘at 25° with the sodium D line (589A).

MS refers to mass spectrometry expressed as m/e, m/z or mass/charge unit. [M + H]"
refers to the positive ion of a parent plus a hydrogen atom. EI refers to electron impact. CI
refers to chemical ionization. FAB refers to fast atom bombardment.

The phrase “pharmaceutically acceptable” refers to those properties and/or substances
which are acceptable to the patient from a pharmacological/toxicological point of view and to
the manufacturing pharmaceutical chemist from a physical/chemical point of view regarding
composition, formulation, stability, patient acceptance and bioavailability. ‘

Pharmaceutically acceptable anion salts include salts of the following acids

methanesulfonic, hydrochloric, hydrobromic, sulfuric, phosphoric, nitric, benzoic, citric,
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WO 01/ 34610 PCT/ US00/ 31058 Sandoval -Ramrez, J. J. Ned Ch~~m 1997, =I0,
4396-440.) on BCC protected ~, 6-di am nol- propyl uracil with subseguent BOC
renoval from 4N HJ in di oxane. The above coupling -cycli zaltﬁd“\ % ocol
was t hen \egahawd to nmake xant hi ne derivati ves. Exarrpl e 1®Cgm500/31058

3- (2- Met hoxy- ethyl) 8-{4-pentyl-bicyclo [2.2.2] oct-1-yl )-1-propyl-3,

Zdl[ gy((:lrzo an f-ﬁy‘?ﬁa‘?ﬁgé?%a“@%ﬂééprop%h% ”E’g%,% Ha(%c {CH)COOH

H purin- &vydr}hug:ys:dief{nzdab&]eoct ane- 1-carboxylic acid, (M—I+ 405. 63) Exanpl e
13i:

3- [26{ ﬁ- (I\j/bt hoxY/hpmapyent pairngreuser, the iyt 9ff sobventy apest are yohumséralyme (¥/¥)- propy!
3,7
4. (3 '[2y<2°NE §§t%ﬁ§%u§3flﬁ*f§f#w‘5 0 fpeBs R o o8 solid o b YR o- 11

urin- yllg“kgqg;,y/ebnﬁ&(&q/&}oct ane-1-carboxylic acid, (M= 481.2) Exanple
13k:

3- Met hyl - 8- ( 4-Rudat;Cibsiabisyb Ibepzy] vheteabe phenyl ting isppipnallySubstithied drith- qnertone- 2,

6di , 7387 ~ 131:
4_|[gf1(e4_ Wﬁk&gﬁ&e%w)gr?'g’%%%-l-propyl 2,3,6,7-tetrahydro- 1H purin-8yl ]

-bi cycl o[ 2. 2. 2}, 0etHy: 5&!@&%&3}& hhereathe @hedy%ﬁgxs‘b@néﬂal@@ﬁﬂﬁtﬁtcﬁm one 1o
4-[2, 6- D oxo- 1, 3: bi s- 3tr|fluoro opI 67tetrahydro

H- purl n- 8wc]=h510@§7&¢r8[<ﬁ qrcin}ao%k%%- eth greseminthusgmegnplepyleny| o
13n: 3tr|fluoro propyl) 2,3,6,7-tetrahydro-1
H-pur| n- éhy)fﬁ'nb Fé{lgblsdlg%ggg[ ane- 1-car boxyl ic acid nethyl ester, (MHh=
511. 3) Exarrpl eRJ,\B(H C| 5 alkyl benzyl where the phenyl ring is optionally substituted w1th one to
3-[4-(6-Oxo- pé oxo-éb&}gj-tetrahydro 1H—g i n- 8- I

bi cycl o[zh@eélr@cby Ow e WheRa gnghReare Both prgsert g the same olecule,

5, 6-di am PLaRYbr & QX 0- 2 3d|hydro I H-pyrlmdln4one) pr epar ed
by a Ilte?l%%arngoegt?ocggurre gcobson) K. A; Kiriasis) L.; Barone, S.;

Bradbury, B. AR4isEhransl benzy) whebathegimenyl ng is mmmahlgasutstltutejdawyh ope tojthree
Neuneyer, Chem ,1989, 3

L3p. (e odtox Yl p Fip ko R SR TR G$ b U SaG gajécple uth a8 Eampoinif P! ©

H‘ pur| n- 89@* th%f%%toc[e?dxﬁerghomé}ﬂi.l é}é%bihcpré’ééhﬂn thd'kitre hdfechi) theyom
6- di am di propyl - 2t hi oxo- 2, 3- d| ydr o-1" Hpyrim d| n- 4- one, pr epar ed

by a | it emastedifferentedur e (Jacobson K| r| asis) L.; Barone, S ;

Neumoyer | 3 LR ispRy B raplyl, E“?%&heen% SR s ds Braes o

14 -34- £op e ef) RPGrd the Gafde giélecul & the
|propyl Zﬁa:]%g Hy%;((}a’t rQ,aﬁygng ﬂf’l—fﬁr?rl} @Byﬁ@%%o?%ﬁﬁ&nﬂu( 2) octa; Ay

e- 1carbo-mystibe difFerantret hy| est er

4- (2, 6- Di oxo- 1, 3-d P

H puri-n-8-yl) 1% léyccclﬁ'ioz?"z(y'é (gﬁ{o r@a@ﬁé cgf%oxylv?hgr%%'sdo (lEgrzanPﬁ S{O( Ci 50
g, 3.86 maRyl) was conmbined with 60 m of MeOH, and 10 drops of coned H2SCa.
The reactl on sol ugafn mq/z?,‘a brought to reflux until consunption of starting
mat eri al “ceasele 1S ﬁE}OS vvas t hen added until neutral pH and~the
reacti on m xt cgpcuo. The residue was taken up in Et OAc
and washed wt sat CI) br| ne, and dried over NaZzSQa. The Et OAc

sol ution was c’bheﬂ:rsmmﬂuummwxx}pukbny.l, RNOGCFP7% yiel d) of a white solid.
(MH+=403. 13)

8- (4- Hydr oxyrreEﬁﬁg&lcﬁi%be% ng Grogipo apd is Q-5Ox PRenI-N Qi R-S92L . F)EB: pur i ne-
2, 6-di ongpﬁg §,|Zcﬁ3lg,ogrsdzépd| propyl -2, 3,6, 7-tetrahydro-1

H puri n- 8- P bi Cycl o[ 2.72. 7] oct ane-1J carboxylic acid nethyl ester (Exanple
14) { | .Wgesdor the ARICnOfING ADtq piidompobn@bt h Li BHd {0.379 g) 17.4 mmol),

141 4. THF h |
VeCH (0 141 M neividfp mﬁé‘-‘?@ﬂif Pt PRy hicht menh Rl el SEStS indidfpg'l © Ve
added andrelib@idik xi #nel tlestEtow red@dtions inl floreAAidilgatiGs ralé, 98liNceastninEt QAC
and washed with 1 M HC1l, sat' d NaHC03, brine, and dried over NazSGCa. K The
Et OAc sol sadium rephsorptieretn Kidnaya Assivationypladenosine geememrodudesheart rate, Fpiuces

solid. (M shedibh eir’ooc)ity%r@blfce} gontracnhty_. These, and the other effects of activation of
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4-(2,6-Dioro-1,3-d ipropyl-2,3,6, 7-tetrahydro-1

H purin-8-yl)-bicyclo[2.2.2] octane-1 carbal dehyde To a solution of 0.092 ¢
(0.24G nmmol ) of 8-(4-Hydroxynet hyl -bicyclo[2.2.2]oct-1 12 MAY 2004

yl)-1, 3-di rggél -3, 7-di hydr o- puri ne- 2, 6-di one (Exanpl e »rnistoBioss Of

CHz Ol 2 Wﬁ’éj d 0.125 g (0.295 Mol ) Dess-Martin periodinane. The reaction
m xture was stirred at rt until the oxidation was conplete. The reaction
sol ut i opdeMasint irédeproesiintoiven organs apd mgmolrregelsuocv prbcnswsa HoweMeadhese teffestat * d
NaHC03, bri ne, d dri.ed over NazZ$S Clz sto ut. | 0 eQ(tconed in
Vaouo | beegmeahassce it §48) GRUaFabE. T renaRnE anaeti PR g 5 )
Exanpl e 1 eatilenPdfl dadd 564500 cahe rcvcntcd

3-[4- (2d%plﬁ"tl§§!n1b°3dj{8?evm%n%ggJﬂg ﬁf?@? tetrahydﬂrj)l(g);gll—l- purin- @p 2( bi cycl o 2. 2.
2) oct - 1ayd/bRgested withaidehodine reseptpt pmgop}stsnocladearmoandmoms fLmnag edby éses nmol )
was dissolved in 12 m tqu ne and ) (0.5 M
in tol upresyncef @nahmm\ﬁg@"%ld’éé 't&’F‘BE)\?ﬁ‘ dkﬁfﬂq@“@tg%’k ’ﬁade(}”S é'@ri}?NE&After
an addi tion 2QRd/er &Q@%mbﬂdxﬁﬁnﬁﬁaﬁﬁb ebut @re not '
4-{2, 6- Bfa& Llfag g}ﬂeﬁBsuQe %Gdu%%q?etrahydro 1

H- pur i nq{i@iyedd) wyxgésn@e hmdmcamxm-p@hnmnd@hwéatm hemaehaginshackemdeact i on

was allowed taq vvar ure
was cond@ther ﬁaf%ﬁ?lfﬁ ‘ggtSV\fg%Pr%?ar&(fgg?fgfag?’ F gfso %&%{Q&}&aﬁg&b %& m of
wat er aq&ggagr}dxs&d&sl(é eHoamehial zisf.rﬁﬂ;i alérgictlugy ikedised)i andGaay diskabes fomcuo and
redi ssol'V reaction mxture in 15 of water, Extra ed ter | ayer

thrice whith @dretic treowmeandissndiated (g, aca@laad £heogicepa| faibyedse and

Coul oot e BESERD! haeBeRpr ?%g&{}ridvkﬂ_‘_'_rﬁgs!eg?%éhoaégia&n&ﬁ@&s&sé REYeslighd) of
3-] 4- (2«% Paamralm 3a:ﬂager p&y—b&&(e%eﬁro]aglaﬂ defioit) heerikkal jbrain nraemp,dystexiascl of 2. 2.

2] oct-1 pr opi oni ¢ aci

3-[4-(2 lﬁrpaagtx\atylmgi eiste 5br)¢pxs pave gl l;:epélp}c%pnt)pongnclsme receptor activity, Other

H-purin ®. 050
et o epbing b SR el O adenblibe RRENY S i apaiit relebul§, 050, 9)
reacti Orhtgﬁ,a%félud\é/@ﬁﬂibﬁ @suites, hxeemtallapa&, mantlfalurezassbeidteshwish aeditionalder a

bal |l oon o0 as. After 2J1 the reaction m xture was filtered and coned
to give ﬁu@ﬁvt@mﬂf‘i@ tes, a)d ethmBa.whi te solid. (M = 417.30) Exanpl e 18a:

3-[4-(2,6-Di : e
L3 (250 oxghopaf), BRRBHs Pk daciuiel sl undionticntotigty Biesntol

]oct-l-yl] 2 was nmade in an anal ogous manner. (MH _
431 36) J4peasERdnt adéhosine A, receptor antagomsts for example, can elicit a diuretic response

[4-(2,6-Di 1, 3-dj 6, {-tet d 1H- hol[ 2. 2.2
| bt ane-aheadganipired Moms Andaa Rophde MR Rrab e i Ipaigh et 19l 0 20
g (0. 227 m& a% rfsrafoPofAdeysside x%cq:lt&rafﬂ&‘gbnﬁls?wx& t?adlﬁbﬁa’:lldmdemcs]dﬁenuate
puri n-

|cyc o[ 2. 2. 2] oct ane- 1-car oxg}lllc acid (Exanp ?% . 039
(0. 257 mmak@dmﬁorsaﬁgigmm@rrﬁ}mtw@nm@nmdj@ed ma@nmal@wre@csfn@e)c fefe; 3, and
2 m anhydthogs are app311cable or'e\:ﬂfamplg(mjedematous conditions, such as congestive heart

:fallurc and ascites.

Administration of the Adenosine Antagonist Compounds

The compounds can be administered to an animal (e.g., a mammal such as a human,
non-human primate, horse, dog, cow, pig, sheep, goat, cat, mouse, rat, guinea pig, rabbit, .
hamster, gerbil, ferret, lizard, reptile, or bird). The compounds can be administered i.n any
manner suitable for the administration of pharmaceutical compounds, includipg, but not
limited to, pills, tablets, capsules, aerosols, suppositories, liquid formulations for ingestion or
injection or for use as eye or ear drops, dietary supplements, and topical preparations. The

compounds can be administered orally, intranasally, transdermally, intradermally, vaginally,

.23



WO 01/ 3610 PCT/ US00131058 acetonitrile was added 0.103 g (0..270 rrrmlz of
HATU: The &Sao‘i}s' a1 solution was stirred at rt for 16 h. The 1r7ed4z°tY|Eﬂ

m xt ur e ConeBNtrated in vacuo and conbined with 10 n ECHASOYBWSE 0 n
of 10% ci tr| c acid. The aqueous | ayer was separated and washed tw ce vvlth
10-n por tinnasuralty, E@hculafipcouecdi| rechlionedRme ‘“ﬁngl

10-m port)ons of, t d NaECIB and brine and %%Eg%to:rgﬁ\?%{g% res r}ant
solid was @issHrg} Drpramﬁavmnsedwmyrwonof MeOH and 5 M of I N NaOH and

stirred for 16 r ed _in vacuo takenu in 10
n of water, andgp ua—r{hﬁl‘gdﬁ? \%\nmgg&ﬁ? ICH%P#* ?Jc:qu LOBpneloRcyish a ma@ﬁiﬁé’&ﬁs
| ayer was mediffifg pHamatéutmambdlpHﬁhoﬁl(ﬂgtiin&ohﬂﬁr\ﬂtfbﬁ%th&rﬁﬂ-ﬁeﬁé’sﬂﬁe ﬁeaﬁ'fﬁgé ed

by suction filtration to give 0.094 g (77%yield) of an off white so
(M- _ 4e0liurgtic ﬁéeﬂcﬁt’?‘b\fﬂfrﬂj‘a@m?pwnﬁl@@@mh@@on RCIATSIRIDERFO dHledranner :

Exanpl e 1. /-tetrahydro-1H purin-8-yl}.

bi cycl of 2. %ﬂbl] oéég%%-ﬁa ?g&%%ggfrgfnpggg%ke{% i‘fﬁﬁe q’iﬂ'}?t&% no- et hyl ) - am de,

( MH+' =459. 17) Elermi/mtib&bmll be further described in the following examples, which do not limit
0X0 et rahydro- 1H

{[4-(2, 6-

puri n- 8- y%%?ct?PEP E?{%Btdéﬁ?ébﬁ E‘a‘i‘b&lﬁWﬂ am no}-acetic acid nethyl
ester, (MH+ = 460. 3) Exanpl e 19c:

3-{[4-(2, G Di oxo-1, 3-di propyl -2, 3,6.7-tetrahydro-1H

purin-8-yl)bicycl o[ 2. 2. 2] oct ane- 1- caBXAMPLESN no} - propi oni ¢ acid net hyl
ester) (MHO = 389.3) Exanple 19d:

{[4- (2, 6-Di oxo-1, 3-ai propyl -2, 3,6, 7- t@i‘—@ﬁlid-ro 1H purin-8-yl) bi cyclo(’> 2. 3]

oct ane- 1- @%mﬂuhloﬁﬂbi%?&lbﬂcﬁ bEt-P-S«l_/)Qﬁ-(iM?'t ‘lf“} rO-P‘E@?J]%b, Nero[2.2.2

1-[4-(2, 6- D oxo-1, 3-di pr opyl etrah

] oct ane- | - car bdmyqlpfppﬂe?-(tdﬁﬁe’dwmantﬁa)dw;7cd»h3zdrd-punHe-NM&h©A€) 0VEiz9.3TDCL3) : 8
=0.84 (t,. 3 1,92 2.44
(1 i e Sl B Sl R Pan g F @?«ieﬁ)

19f: hexanes 4.70 ml) was added, followed by 4-oxo- cyclohexanecarboxylxc acxd ethyl ester

8- (4- Drrethylamno th I-b|cyclo[2 2. 2] oct - 1{)rop 7-di hydr opu
ri ne- 2, 6- ->h@melyif mi) ansbthe gactigrymistere vG§ slowly warmcd to RT an stnrred at RT

0 (4212 Pl S5 i QAR B HE GO AL hs Mok B o
4- (2, 6 D dilated vathdwateogmyd extrade® witht EtOnzh fithe @rddidldgériva3 dyiel Eh&&’&ic@ﬁ@at'e’d 2] oc
tanelcar Xyl cid (2-am po-ethyl)-am de, (MH= 431. 06% ngle 20 -37
WO 017346 zctim?g PIFSSYsET g)g:jg@pgg@gg romatography (2:1 hex/EtOAc) afforded 1.30 g of _

8- (4- Am ngeelye gy@dgé&d&d&gﬁf‘, 1- yI) 1, 3-di propyl - 3, 7-di hydr o- puri ne-2, 6-di on

e (4-{2,6-D oxo-1 7tetrahydro|
ngﬁm( g g yl)- thtswbdm(@%mc&m mhiol)ozaghhsmm bfae"d"mﬂm aﬁit%raq( Eeqarmie
s re of cone or

reaction H?‘Q]ingzm 6@6% éf{ adeﬁ’ﬁ reAHOR Miyure Way stired @t R fer Wﬂlcﬁ ‘mﬁs

ggbt (l;rzat ?gh@réﬁ&ke Zlemxﬂf 10 % dqPcithd atidlamdt &kt@biell With ERFAS THY drfani@laydr &M=

2-(R) - [4 fue @ﬂzﬁQ@)@MP—M@I-Z 3,6, 7-tetrahydro- 1H puri n- 8-yl ) - bi cycl o-

2.2.2]oct- 1 Iy

b2 (- A mo- bi 208 BB R BSofved ot acsrip aghvsids (b andse Bavader 3 b i on
Ex | &ag BolkB@o BT dhd2bfcemntrat t hyl

Fagt a? rerp az,d ﬂﬂeg%om ofR’ |€loa3&f ni tc%il ?géré%ﬁgmmr}gﬁ ‘lijl\rme&{)h\s/a%s%lmdl héﬁ%&g& f o¥

2 h and cWashed with sat’d. a;aN 3 boine.rAried (Ne2 SR, andrrohckritrateda Purifieatibri hye

over ni ght T omeloBEBRy 2 EBATeR) sftwdld i foppupe. PRER LAsEn o ni of

water, the pH of the solution was ade_Qo 10 and the m xture extracted
twice wt of CH2C 2. The water |ayer was acidified with

ortio
conc'd H (%marﬁ'éy‘f'e&ﬁm -IyebB3rilipeapyl-dol-dihydoo-puyinedd:64dionef i | trati on to
give 0.024 g (29%s¥ made
in an anal ogoug-(Pn(I‘gndr:g’kcm 2 %yl‘? Z&éaa%oéw& 291 ?\gﬂé}pte%aﬂp‘goq% purin-3-
2. (S-- [ 4-Y(P4thyDranyecyt]chestmembytylis 2idEetiylicttr dbyahigle 1) 270 mg, 0.55) ol
H purin-8-yl)bicycl o[ 2. 2. 2) oct - 1- yl oxy] - prop| onic acid M—& %
Exanpl e 21 b:
8- (4- Isopropoxy bi cycl o[ 2. 2. 2] oct - I-yI) 1 3- di propyl - 3, 7-di hydr o- puri ne-2, 6
~di one, (MH 403. 13)



Exanmpl e 21c:
8-(4-Allyloxy-bicyclo[2.2.2]oct-I-yl)-1, 3-di propyl -3, 7-di hydrohﬁurlne 2. 6di
one, (MH+ = 401.11 ) Exanple 21d:

[4-(2, 6- Ia, 15 dipropyl -2,3,6, 7-tetrahydro-| H purin- 8- gtrRiseo/$losg 2. 2. 2] o
ct-1-yl oxy? acetic acid) (M—|+ = 4109. 08) Exanpl e 21e

L T B i
2-j4-(2, % ?X?BJ-ICSC%%M'\L%B %hifPed/atRet BW@BP Thle next day, the reaction was

H purin- bi cycl o] 2. 2. 2] oct yl oxy] - é propionic acid, (M# =
447.17) -q’.&Snche\zI@'m}l AGYOCItR amd\ang@@trmmd wsbcE/t &95§h¢zmmlcéayznwgs

3-[4-(2, 6-Di ox dro
0 pur: . Goprapi e R B cedsite and s P AN S pratv wet piified s
anmpl e
3-(R)-[4- rgat&grgghygl %hé’fjgtr%‘?)% 2,3,6,7-tetrahydro-1H purin-8-yl)bicyciof 2
32( 2]So§:t i ylonébd puredial (30 mg; QﬂZOl(x}uﬂ;I)gvagzﬁ;ss?Md E)(@H]zﬂ:b(fizmﬂ) and Et;N (1.2 eq)
e

H puri n- 8"’§FI ﬁdgF%;%ﬁﬁ[véasih"Z’]dleE?w by i °nb‘iﬁr‘§1F¢lc(?Qcﬁqé T}ﬁ\ﬁglicm%%af %ed at
Exampl e 3t for 1 h and thcn qucnched thh sat'd. ag. NH4Cl and extracted with CH,;Cl,. The organic
3-[4-(2, 6-D oxo- 1, i pro 367tetrahydroIH-pur|n8yI)b|cyc o[ 2. 2.
] oct - 1- yllmyoy]waZ(dSedr@EﬁmS)mdﬂ@mmt@mém d, MH' = 447.32) Exanple 21k:

Vost Syl oxyy hede :”\Hﬁeﬁﬁ?%“éféﬁ?déveaaiﬁ?’ﬁw&@ SNl e 2
3-[4- (2 G e Qvak s@rrdd Ble’DYér—lZ harfd, dImtdatwmthQOQndhkmtddm&r BiOAX.cTied of 2. 2.

]oct-I-yloxy]-2,2-dine pr opi oni ¢ acid, 461 . 32) Exanple 21m
[ 5- (2 6- Dirgauc laysr mdmsgﬂNaﬁ@e) en¢cqr@s$%9dj\a@f1emdpend ESSuse )Punﬁcatlon by

D 01t oL3of CLARN ol WBCHI Bl 36 Bl 0Rteh 1ol © 21 1

H purin-8-yl)bicycl o[ 2. 2. 2) oct-1 -yl met hoxy) 2, 2-di met hyl - propi oni ¢ acid,

N DN

N

l

H NMVR (400 MHz, CDC13):8 = 0.86 (t, 6H), 1.15 (m 6H), 1.45 (m 6H), 1.58
(td, 2H), 1.67 (td, 2H), 1.84 (m GH%_még(s 2H), 3.38 (s, 2H), 3.90 (t,
2H), 3. . - -1H- -8-yl)-2-0xa-

3-[5-(2 &Moxokqlégﬁlatg?%@l%]@pmpgl 2'3 Gez rt%tﬁaqydroll_lé tljlplnns gl)yzl c)ng:l cvclo[3.2.2
] non- 1- yllﬁxydlolatbb]ooMqlmenhgﬂ es(dv‘H+ 447.32) Exanple 21p:

2-

2 (2R)2) E};n(i glg@‘]}é’oﬁi’%@g*dl pro YH? aflﬂﬂqﬂlﬂeﬁtr ?{cﬁjro 1.l - ue,rzé?rxlrespondkrpl cyci o]
8- (4- Pheq%n d@h%‘twe%@or%}%)t@ﬁﬁ established! prdcétivipé emﬁeknéﬁa:@l&:nmreuwwm%uawes di

one To a ution of
8- (4- HydrS;mykeblsc?/me Edition®] Bus ketalderivatia i (e.di81 maof) was dissolved in

di hydr o- ur| :
addod 27 YERUE TR g BB o S PR LY R E E T 50
added 40 whd digdol¥ed ihlof THIBY &il) &l dddleddo mm?c) ahdnBUIAC2.80 ml]2.51M sol\mnum ned
at 10C overnight. The reaction mxture was diluted with CH-Cl~ (5.n) and

washed wihexanes, 4.516q) mas addeg; Adterid ioon, the ketal saletionwasadded and e g6aGHPR | f at e
d t

o o uC St Rt GO 15 1 R St EhloPothaee (PP p 205 sl Sndies
-39 - 12 MYea%ﬂSﬂdMl@r@&hﬁWﬁﬁ&dl?@RﬂUSﬂﬁerd@mﬂ wmqnemdd mmheaqugN:thBOC

e O dnd gaties SBIRS, Ui RAR < IAY T VR e (B S and Care e der s o))

1 NHA (p géc)d r{ﬁ&@u&r 'I’?Eiﬁcaiﬂﬁ‘x mao¢ﬁ¥%(Mﬁeﬂﬁt@ﬁc)om&dmwmﬂ

concentrate vacuo to a col orl ess was purified by colum
chr omat ogineepingdiat®. G, 1: 1 hexanes/Et QAc) to afford 11 ng of title conpound

s LS S (e 0T 20) el B iEial 83" ="
[4-(2, 6- [}?m)lﬂ-z 3gdb RRPRN ad%e@uﬁsn?aliﬁ%é:ﬁby&‘e@ayéhwaﬂs&uY"TlKE fe¥@lon 2. 2. 2] o
ct-1-ylsulfanyl']-acetic acid) (M 30 Exanple 2

{
[ 4- (2 6- Dindstorewd-stiirmed @pQiC for 35 @iin and menavaymedquﬂJrq@drsnne@fwll)tbuléy@ﬁéhen
[2.2.2] oct-1-yl]-nmethyl-amno }-acetic acid, (MH= 432.31)

-25.



Exanpl e 22c: [4-(2,6-D oxo-!, 3-di propyl-2,3,6,7-tetrahydro-1
Hpurin-8-yl)v. bicyclo[2.2.2]octane-1-sulfonyl)-acetic acid, (Mt= 467.31)
Exanpl e 23 Met hanesul foni ¢ aci d 12 MAY 2004

4- (2, 6-di odi propyl -2, 3,6, 7-tetrahydro- 1H purin- 8-yl
bi cycl 0[2%9%34 -1-yl ester To a sol ution of 50 ng of PCT/US00/31058

8- (4- Hyd 1)-1, 3-di
i yar o porS eI BHSRERBaDFiEasi o5t u8 Nt 10 e i v
ai Tded ZOQTE faSSthe {ﬁg \%%Bgﬁtrﬁﬁa% %ﬁ&ﬁwﬁt%@e‘j{ ool ed tn an ice bath. To

this was met hanes P¥ and the

reaction m xt ur'ﬁuképl (1360 8,00 mueolwahdissolVee 1d§}&£di:h Ofﬁhl)}hﬂd TsOP&.3
concentrated in vaé: ,ﬁ and, . the. resi due taken u t OAC and washe 2;( W th
‘T

dilute HCF4 waggdde @GF@&‘N@‘W?@PSWWM Ob‘lf%h Nasoshemdileted adth The
Cott d (TR gha baNEd with RAELETEE S, TPe Hanblc oyl ullatied RSO fund WM 1

4- (2, 6-di ommcﬂmaeditququkheZixf&sﬁatEdtﬁmabydr o- 1H pur| n-8-yl)

bicyclo[2.2.2j(f‘t i .ester Togso ution of 10 of :
8- { 4- Hydr oxy- bi dnafmal yas fissplved in THE (60.ra)) prdpl | Nggﬁl (30 ml). The reaction

di hydr o- pHﬁkﬂ @uﬁsxmeegsmgﬁémoﬁ'h 3% 1 §a@u&§ mp\le Jvas%%cfhgrblo m) was

added 40 ~L Et3N an e reaction mxture coo ORI To this
was addedemmmadgwxdi EtAci(The arganid Ryei204s di¥ed Q4,345) Shd¥oheeiioféBlads

t ol | f hl dt t kept at 10C
over ni gt oS e GHTAFHCR o HEbeaHTaR (1 i B AR EEeAcd 8 heaken up
in Et CAC apekyRshafadve wﬂabgqgw}@x\gghtyél}{urg}ec? | e organic layer was dried

over NaS04 and coned. The resi h acetonitrile to afford
mg (54% of lptﬁerqmi-ﬂétcg'ehychlo-(pmma -)- 3;7 dlﬁb)dro-lﬁnmmlz,ﬁ dibne (5.30 g, 16.5

[”2[2”212 oot o el B AHE e i i o 106 Gy el 25 MR ©

8- (4- Ami n 6160[m), 2 ed) Wes adkied] -bis-
Sl pger)ll%?géfz Olr2, oﬁ? adbe ﬂ:ﬂéwe"dwtﬁéaﬁﬁoﬁs&nvangfgf tf)l?” dine

chilled i hydmwm@mawglphmmnqgﬁ addmal agdthe reagfiommixtareesas slowly waithad iode

(0.28 mo 4 10 ..C. Two nore, aliqugts (22 ph
and 50 L#)r afnﬁ(rl’reg’ganesubi{cﬁlﬁﬁ{ c‘ﬁfe '?ef‘ﬁ%ay Zeagtiof yas gued}cfa ﬁll?g Féa®%ion to
conpl et onmcnaﬁmsdzioanvamdmnuaewmaa@pm%ﬂhﬁ@&@dnm'Etmeuorﬂe%rgéﬂx@u}eﬁ

yel l ow oi |l which was taken up_.in EtOAc (10 m) and washed twice wth sat'd

NaHC03. ( 5Was §riedandconsantraigd S‘NdﬂGFd‘éGHdl peeswie. Purificgtiomby chmematograpiie(2: hyer
was deied | 1ized fromacetonitrile
to affor dh%(O%?%&Q?O%%tpgdég ?age ’?mf‘%é '. The fol |l ow ng
go[rzo?gds wer eTmi eperediata(9ahg awad dn;m:xetdmraﬂ@aqrm ?ﬁ?mb and wld;:rgd Na(l)H[ ) 5 s
0XO0- et rahydr.o urin icyclo
]oct —1-yl @,93 gL dﬁ %eﬂ&%ﬁé@lﬂ"ﬂﬁ“ﬁe e EF'”“@?\/HW” ‘Eﬂg’?@?})z“éiaﬁwiﬁ tbébwo led
[4-(2, 6- QOCK'Paﬂd &1&&@%&9“502%3 &trZaE&CvftﬂlﬁY@Af Fhe organic la)éfr w%ed 482. 27)

H puri n- 8- %bl cyclo[2.2 éoct 3/ fanoyl | - acetic aci
Exanpl e 2@{@ 0.) and concentrated under reduced pressure. Purification by chromatography (2:1

3-(4- (2, 3.6 7-1etrahydr o- 1H 8-yl) bi cycl o[ 2. 2. 2
Joct - 1y L PR pToRkR B FoBo RSl EMANG. ot hyl ester, (Mie 564, 10)

Exanpl e 25d: 4 nlod % I
I—I-plrJrP i n-8-yl )g'lﬂézx gfof%sghtgiﬂggtatmrlgu P g%éo?%ﬁpb%ﬁgﬁg%ﬁé@%%g W)c aci d,

(MH= 5 50NQ@)ﬁc|(:9<§}ﬁyaseadg§@ and the reaction mixture was stirred at 70-80°C for 2 days The

i pur | - et PBPEAH R ufy b MEYED et cxrrs sl

388. 32) Ex‘gﬂiﬂh tayeSlvas dried (NazSO4) and concentrated. Purification by chromatogra
3-{[4-(2, 6- D|oxo 1, 3-dipropyl -2, 3,6, 7-tetrahydro-1H puri n- 8- % |cyclo[2 2.

2] oct - 1- yfF af&f@ﬂd‘?‘& m}gqfrih%b%mnmér (BS"L4E®i d net hyI ester,
(M= 578. 3) 41

Example 4
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12 MAY 200 WO 01/ 34610 PCTI USO0/ 31058 Exanpl e 25g: 3-{
[4-(2, 6-Di oxo-1, 3-di propyl -2, 3,6, 7-tetrahydro-1 \
H purin-8-yl)bi~yclo[2.:~. 2]oct-1-yl methyl]-sulianmoyl}-thi bﬁhﬁﬁé-@ car boxyl

icacid, (Wb bydw 604 24) Exanpl e 25h: )
{4-(2, 6- Dvgéo 1, 3-di propyl -2. 3,6, 7-tetrahydro- 1 PCT/US00/31058

Z'égu;g;] 8+ y@pﬁ géogygle%hﬁ ZZJX%CEIc%cIXHZ%]ogmyII) 1'[;#(%] ei§3u’|7-fd?lr1]\l'dcroa;§:t;r?ne-§ 6- -
1, 3-Di propisne-{4- [ (t hi ophen-2-yl net hyl) - ami no] - bi cycl o[ 2. 2. 2Joct-1-yl }-3,7

-~ di hydro purine-2,6-dione To a solution of |00 ng of
8- (4- Ani no- b| cyAsesE 2cig 1R dediono-y 3ydiprogyled. 56 Jpgtratadm- 1 H- purln 8-yl)-2-oxa-

car boxal QSBT3 A AR S R sk Bl 3 ol gy pd sty al
acetic aCIdénameJ(@ﬁbmg @Izsmmd;mssrd@s@%@wmo%%bdkzt@)ftiom@'B eq) was

Conpl et e conversion occurs over 24 h at .rt. The reaction m xture
quenched added 2 aplwiondn Aamlof Hald Timerwact;on mrli{@lwarsdnbhanl{a'ofméht Taeed in

vacuo to aff an

acetonitri ?aC?lP "ﬁﬁnﬁgér‘ggaigﬁ'ged%h( |“f’&‘ I-Stﬁ Qlfpﬁ-?f yﬁb‘)"'as The
fol | owi ng dﬁ@de&bS@S) wwnwmaﬂeﬂdm’rcmmipﬁhmUFheﬁEﬂﬂﬁﬁg résiRieVR pdffed {
[ 4- (2, 6-D oxo 7-tetrahydro-

I pro
oot o 6 by ressksyt SR Colingis CRION ket fhede popnased | MS(ES?, 3 k=
432. 32) Exanpl e 26b:
8-{4-[(1H 1 m dazol - 2-yl nmet hyl } - am no] - bi cycl o[ 2. 2. 2] oct - 1-yl } -1, 3-di propyl 3
, 7-di hydr o- purine-2, 6-di one, (M= 44gxafifhle Fxanpl e 26c¢:

f)|4c§/<2:| g[ ? (z)é(z)ﬁ-é&gw%l § F’%iﬂiﬁ'ﬁzvi”égﬂl_&rtagéa%ng;a?#nl;g%r[&g)ﬁglmaﬁmlymtane-
%?3 bur | AR B B N ) i e vae 17 h S propyl S, Tah

1, 3-Di propyl - 8-A(c4m{ {u(ml ﬂn(apkdecxce;wdmnpwm 6,Titetodhydm- it gurin- Sy bpa- 2. 2] oct 1
I( ? l[(%grﬁ)%% >7| ms gﬁct)&:‘?ﬁsgl’éil’af:‘f‘étjag?gQﬁs%;&%%gglg%z]ﬁéi 2cptalg ) - 1, 3d
r y6 Ddén;l(gdd;& GITrﬂg'fEﬁfxgsogveg'ngﬁ'?ﬂelto??ﬁseyé_ﬁéa%@of@ﬂ?}@bﬁyrgﬁgw'ﬁs {10

H puri n- 8n38))\&a5@§dﬁdcﬁe‘lﬂ t P@lﬂﬂ mxmramamtjnm R for b& hz dhe reasition nfikture=

p
2
pur
494 34) 42 iR VIR0 ALK 208 REHAR00L210% ExaipLe 28 e ( |
H-pur i-n- 8o»3féahiv 1%»(@@ ba§ dried NSOy lanid |cBRdehirhtbd aRded Peducl® ple¥ture benzoi ¢ aci d,
anp

8 | e 261 :
(1 Di Sr)opw sTbarqu’(ﬂgms:m ~was\disselveg in Loam] eidyle @Bk and KGO (AS0ahe . was2] oct - |

MH =

3-
%'g ot { (PO S BB Eaf bPl, TS8P S RorF AR RT. 25 oy opy
5-{

8- (4- {
i prd i
[ 4-(
u

, 7-di hy8ho -quas then &,hﬁecdwnh ¢1,0(anbitextradted With EEXA0PTRe dfdanic layer was dried

H pfjfl n- 8%?’9&1@'@ %Pgen%rao X ?é?rdﬂ%;lFM a?aﬂg‘%/q?l{\’%&'f‘(]h%%)f@aw b#o¥a-aci d,
(M= 520pZ0210[2.2.2)0ct-1-yl)- 1,3-dipropyl-7-(tetrahydro-pyran-2-yl)-3,7-dihydro-purine-2,6-dione.
' This material (320 mg, 0.7 mmol) was dissolved in 8 ml of DMF. PDC (1.0 g, 4 eq)
was added and the reaction mixture was stirred at RT for 18 h. The reaction mixture was
diluted with 3 ml of 10 % aq citric acid and 20 m! of H,0 and quickly extracted with EtOAc.
The organic layer was dried (Na,;SO4) and concentrated under reduced pressure. The residue
was dissolved in 10 ml of H20 and 20 ml of CH;CN along with 1 ml of TFA. The reaction
mixture was stirred at RT for 18h. The reaction mixture was concentrated. The resulting
residue was purified by preparative HPLC using aq. CH;CN to afford the title compound. :
MS (ES") 391. |
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Exanpl e 261:

8- (4- Cycl opent yl ami no- bi cycl o(2.2.2]oct-1-yl)-1, 3-di propyl -12 MAi 80r opuri n
e- 2, 6- di oxe 01/84618= 428. 38) Exanpl e 26m PCT/US00/31058

8- (4- Cycl opent yt am nonet hyl - bi cycl o[ 2. 2. 2Joct-1-yl) -1, 3-di propyl - 3, 7di hydro
-purine-2, 6-dione, (Mht= 442.56) Exanple 26n:

8-{4-[(1-Methyl - butyl am no) - met hyl ] - bi cycl o[ 2. 2. 2] oct - 1-yl }- 1, 3-di propyl 3, 7
-di hydro- puri ne-2, 6-di one, (M+= 444p&hplEganpl e 27

4-[ 3- (4- Hydr ox phen ) -2, 6-di oxo- 1-propyl -2, 3,6, 7-tetrahydr o- 1H puri n- 8-yl
] bicycl 8¢2-(2. 6\2/]) i:é-djpmybbigﬁn t?"abb'd!‘GFH{apm-ﬁtylbh-omh -bk€ychg[201.2)oct-

4-[3-(4 I) 2, 6-di oxo-1-propyl-2,3,6,7
t et rahydrlyghtll&%'u'?r}(% -yl]-bicyclo[ 2.2.2]octane-1|-carboxylic (Exanple 131)

(0.022 nmol )  ign4CHiZ&GDRy hethyilt )-oxoBib Rio[R12. BodlL My QY- @ipRINe- &%Iapj, ded |
m of 1 Mboro;(trlbro)rln deyli I mmimlo %—l %D th g@rggctlon mdﬁ? was
al | oned 2olxddedibydrprpuriaed, %pm yawaﬂlp@zedzacnordmgafom probédsirg ouﬂanechm

t hed .. T d
br oduct TRXHELE 4 CEE ARl dsibvalk (LB s RAEE e ek s S o G f o
acet oni t aiohg with the DesstMdatimgeagént (iaﬂeastee 593 thgl (Ve ﬂﬁ‘%e&%n miR@rd wht OW ng
conmpounds . vvereﬁ)r pared_in a sim|ar manner. Exanple 27a: 4-

3-[2-(4- niylL) Tha 1egqtion migtuzg wagdilyted yithggisodiug, ssxlfvte {eM)angdr o- 1

AT b L bt e e R L
H puri n- Bedutdd premé@[ﬁozdﬂiemtﬁehyhxhtenacd)myl ic acid, (M= 391.12) - 43

WO A /3~610 1 lAP~ 004 PCT/US
4-[ 3- (4- Hydro PisIRaRTEh was i‘siﬂ?ﬁgj%g’q&f@nﬂ@@%'&ﬁ%%a YRAFE | n- 8y |

- bi | ? 7 27d:

BN L h“%&??&@’%s%‘ﬁg‘?%? PRIS(Ep B 73 4 it Hissofvid eyt FHES T |

|2—I-7pur i n- 8ncy¢do{éd 1©y0°Oe(nd. KHPMS:(0-3 MMhPhMeQMGJHLPwa?adﬁed( s migtBard S0as Exanpl e
e:

8-{ 4- Hydstamdaasuoc%fpb[@mzn @}ddbcnaddyd)ot@cpgmpqn nild:e@kq:hwmnphe)remmm] 1pr opyI'
-3, 7-di hydr

4-{3-[ !2 %‘4 gvg\? %gxg;l- i o eny WP i ?I)Ch%é%m SSQE 2. é?hﬁ%"df‘éfa@“} Vith rahy
d(r)o 1H4p|g@m¢28’{'15{é brgg?xgy@}eo%gsnanéﬂ (g?tﬁw,gagd g@;&d@gﬁgﬁbac ?gl d To a sol ution of
~ X - 1 OX -

2, 3mg 7-t et raﬁf}ﬁf‘ggi‘ﬂgﬁ %"sﬂ%ﬂ) 18s0lye Vb‘l ay of EHf]@éﬁanbOﬂp ﬁ&ﬁma@mgda@é-l d
(X e dq ik SuABT 0 RBUS 1 Aok el ks SRLPTANG Byt N
[ n St haneﬂ(;ra(:tbdmn)h EtDwse. r@bﬂ:cbrgmnc Heiyzit wasedried {Nag8@.H mﬁd atbr&ﬂn:cr?!edl ?ﬁtgﬁmdntz Be
crude product puri e 0 ra to_ affor 9
of des:or@(jprﬁ?ﬂ'gﬂﬁ I"? ﬁf&ﬂsy'éﬂ Qg)‘eﬁ'?\#g“ﬁg i‘%ﬁﬁé%&%@%&@ (S 24 pt- eggr (ed |/?1

a. simlar manner.

Example 7
3-[1-(2,6-Dioxo-1,3-dipropyl-2,3,6,7-tetrahydro-1H-purin-8-yl)-2-oxa-bicyclo-[2.2.2]oct-
4-yl}-propionic acid

3-[1-(2,6-Dioxo-1,3-dipropyl-2,3,6,7-tetrahydro- 1 H-purin-8-yl)-2-oxa-
bicyclo[2.2.2]oct-4-yl]-acrylic acid was dissolved in 50 m! of MeOH. 10% Pd on C (10 mg)
was added and the reaction mixture was hydrogenated at RT under 55 psi of H; for 30 min.
The reaction mixture was filtered through a pad of Celite and the filtrate was concentrated

under reduced pressure to afford the title compound. MS (ES™) 419.

Example 8
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Exanpl e 28a:
4-{3-[2- (4-Hydroxy- 3, S-diiodo- phenyl) et hyl] -2, 6-di oxo- 1- prop& % ? 5, 7~W
t et rahydro-1H purl n 8-yl }-bicyclo[2.2. 2] octane- 1-car boxyl i £24 Yd 0
718.50) Ex
3-(4-{3- [ %”(ﬁ/ roxy 3-i odo- phenyl)-ethy(]-2, 6-di oxo- 1- prpggquog(sgpﬂg Ttetra
hydr o- IH-purln 8-yl }-bicyclo[2. 2.2]oct- 1-y|)-prop| onic acid, (MH= 621.08)
Exarrpl e 29(A6{DiogoDibaipropg-243 HiTeteahed - H{%}urm-Barﬂm\yhinmldJBE-]guctane-l-

p- 8-yl ) - bi cyclo{é .2.2 ] octane-1 carboxylic acid am de To a sol ution of
200 my of ¢¥d (’2)' xo0-1, 3-di propyl -2, 3,6, 7-tetrahydro-1 H purin-8
yl ) -bicycl o] 2. ] i Ln 5
)b cycl of 2 ggéesgﬁfzt%g%‘f&c‘}@ibﬁzxgobﬁn@@ bddléﬁﬁﬁygiﬁgcx@%or{ﬁ?eremlﬂellh,
N, N- di i sopVépisanakydidiand. Hest J.dihegt il985at38 r1t7015DDel.’EQ EnWn Tsﬁmﬂtmth?. J14ndr. Hf 0.5

added | 5 etemabig: R RRIFTR e BRI O ot asd) ahd SEREBA- 44
12 NAY 2004, B3I 84530n BRTHA S8R SHorSice oaly 7v0 .Y‘@ﬁb‘idtew 410g30%

citric aci 3 and brine. Dried over and coned in vacuo to
afford 802&(4‘1945(74(5%94@mmpku1é6;g9 irdaMF (@ﬁ/ml):wasamy 1P®J5hﬁr7e82_3mnol 3.1 ml).
2 g?oﬁg‘ n_g.grg %I ad C Gl P %éhgp RJI' Y whas toRochtRledRY he 3 uerp% AR DME Ne- 2,

4-(2, 6-Di rehd%e dvaardmmk/e@usmﬂc&ﬂtmheadwah 1N, i5% BaHCO;, and brine, and
yl)-bicyclo N SéOCt ane-1-carboxylic acid am de (Exa le 29) (0.129 rnnol)
g

in THF ( dﬂedmi o. diltradonianskevaperatan followed by ﬂﬂslmolwlygmmraphu: conpl ex
0.284 | et
ot 1 uced Ftngans:P HADREHARE plelichE bidticdhrey 28 1SRl O 5 £ATP ©t &

brought tgv#xA wo%)cancerowm{ 4d%).n vacuo and t he residue taken up in 1IN HC1
and washed tw ce WtWeg é_? ~ 8 and washed tw ce h Et CAc,
dried over NaSOOLHtP eﬁ] °¥%’ldf418mybbzé riptrabysirg-PyRmigiiNe (M4 ~=

324.31). grb%@@'ﬁtf}éﬂoi?#l?o&m@ Réfndeyle HLiBleAY bside @.z@shh&tg@bgsiﬁpzo%H p

a rip-8- yY‘f bic oct ane- oxyl1’c acid Using t rocedure
descri bedNaOH (260 méX mdeMe@H (10.Cmal)i svas Sirredendakfludedeshi The ﬁeantxoxﬂwemooi%m
10, 1826, and Kraus, et al. Tetrahedron Letf.. 1978, 445: Fil

Vii.-H efoom tenzper@rg mmcomwgmeéo regioYs ﬁe@% ﬁs.aaglfevwgs apigified dh

oct ane- Lyt oHe ekl GERureBHH BOWe MR dorbih EbAMISuBAS WAL ed to

4- met hoxymet hyl ene-bi cycl o[ 3. 2. 1] oct ane- 1- carboxyllc acid ethyl ester.

Fl ash chr mmtedgvxdeyQ apd bnnngxndndtlbd (lM%@l«l)ef lﬂtyatloatahé evipoxativodoliovwrd bed pure

' duct ~3C NMR (100
vy ooy syeise ansse KELE pfRyidea mrotilcf IS #% 8be Sarfa. 275050 50 () 29.(97
(t), 3i. 1§4§(§B§“§§§9@2’r(‘0ﬁ-ﬂ 180%p6 (t), 34.61 (t), 34.85 (d), 35.81 (t),

43. 18 {1) 47 (s), 50.77 (s), 59.b3 (q), 59.69 (t), 121.04

(s), 121.44 (s)) 137 18 (d), 138. 16 (d)) 177.60 (s), 177.63 (s). Using the
procedure described in Exanple 50, 4- 9X nmet hyl ene )
bi cycl o] 3. 2. 1] oct ane- 1- car boxyl i c aci ester (3.84 mol, 0.86 g) was

conver t edgi(g-Hydrokyz,6-Bioxuarieydod.34 0{:71]ﬁd}eiéb*l)GB,Bbﬂpydpy@wJCJhdyefdwhrme-t er
(0.81 g, 100%. TLC(silica, 20% Et ~O hexanes. 20% PMAI Et OH vi sual i zati on)
R~~ (t|t|é.6c®npe>und) 0. 29.

A solution of LDA was prepared at -78°C by addition of n-BuLi (1.8 M in hexanes,
1.7ml) to a solution of iPr,NH (3.61 mmol, 0.506 ml) in THF (25 ml). After addition, the
LDA was aged at -78°C for 45 min. To this was added slowly at -78°C a solution of 1,3-
dipropyl-7-(tetrahydropyran-2-yl)-3,7-dihydropurine-2,6-dione (Example 52) (2.78 mmol,
0.89 g) in THF (35 ml). After stirring another 1h at -78°C, a solution of 8-o>§a-
bicyclo[3.2.1]oct-6-en-3-one (Mann. J. et al., J. Chem. Soc. Perkin Trans | 1992, 787 (2.78
mmol, 0.345 g) in THF (5 ml) was added. The reaction was stirred overnight with warming

to room temperature. It was quenched by addition of saturated NH,Cl and extracted with
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]

To an ice-cold solution of 4-fornyl-bicycloj3.2.1 )octane-1-car boxyl i c aC| d
ethyl ester (3.85 mmol, 0.81 g) was added sl ow y Bones rea% | .

m.). The reaction was - 4~ 12 MAY 2004 WO 0113610 PCTI U stl rred

at ice tawpenatade 20 nin, then quenched by addition of iPFHIFSOW?108§ed with |
HzO and extracted with EtzO (3X). The conbi ned organic extracts were washed 4

wi th H20 F_gﬁ)ﬁ THe! d&&bﬁﬂe@orzﬁm@eﬂfab@dve(rw&@tﬂ withishiufaaéd MM ,E0HOvaRoséid, on
provi ded Vi'scous Ollﬁ bi cycl o[ 3. 2. 1] oct ane-1, 4-di carboXylic aC|d

1- et hyI em’delmed()MgGOg) Biitearion end evapgratio fefowed by flaghep wmashFmalperaphys. ~3C

(), a1 gt BOREFHCh it oyl e Ko by G374, 15 ™
38 10 (d(espa. &Si/f?u);s QMG 0, 2650804654, 34305 BRIONS) . 49.0 () 60,31

(t), 0C, a solution of DCC&OSMin
CH2C1Z, 5.5 mjro wasluaomeﬁs {ohydrexy- &Wé'rblc‘dﬁlo[-’z 1Joct-6-en-3-yl)-1,3-dipropyl-7-

o).t BudbetiEny oy Gt By msa e e et 5 B Sl ot Wz, 2 7,
Sm). Af °ﬁsot ffd’ p ,ﬂgp,@@(ﬁmg)mndg{cfﬂ,ml)h%é@cﬁﬁlMIOIfFPv@e%‘ 0l45anmd!, DR 23egiove

solids an trate was wash Wwth ~%citric acid gtedp?acg)
and dri edin(c $odjon. Ffter Sdial toemnismperasisertht reasnop; wasaugnchedhyad i)

1009 ES 2
bi c;()cl 2[533%2@}%93%@(:?“%)“572‘8%%;&@%? @?éT%ﬁq&@?k%ﬁd%@paPniongg hyl ester
(2. ~2 MolarwlenBtCic ard shtE. NdRCO}.) Thesrghnie akteattsvwiért whhhdd With q-m amdmr)neand

stirred at roomtenperature 3 d. The reaction was. congc ?#&A enove
THF and tmcmpae(Mg%sFm:o&@pﬁa&maatwntnﬁowed@r?@q g a5 @ toam.

i ritie f 71961 and
then pr oms IR R DB B O D o w
H20, br| n@@ g 3 4849 (IM¥BI54)62, T0.46,1781T907I anmmasﬁ;@%\thoadsyna%dwdrziduct
(0.48 /? vOsi ng the procedure described in Exanple 8,

bi cycl o[31251l?dét7e§ﬁe 1, 4-di carboxylic acid 4-tert-butyl ester (1.89 mol,

0. 48 y 3 M r; {7

0. 48 911 420 1 *3553yoh br BBashane dods HEA 1 MR IGAA pesirepybivon:
(ES+): 463 e@ggep&pymuem)gs hhysroputne-2, et (D96 rrimolEQ&ﬁﬁlgé er1 I'THF/
S-(6-am no di gxo-1, 3-di pr. .

T 50 ¢ bR g, pas e b RSB cronsk Bt Setiopy s fised  room temperaure 4h

] oct ane- 2; m[?cii{hlgf? %%ﬁdeﬁu?@ﬂ ¢ &r?ﬁéss boty i‘esﬁﬁ:& Q¥as buﬂﬁicﬁbmérse phist HPL@as

converted uct , 700 A sol ution

5-{2,6- di pmdﬁng’%pxﬂxdpctc(@@w'?g,@%)? MEh(A9P MHz, M@MS@BWMO 8 @pchid),

i 12 (5 1 Gar s SRS | 92 m 2 2 s G IR b 8- PO )20

the react kg & (RIDEBHOH, a@)! £20(by 8eE), 4 Be(irss tHRMARRE(rhiPLMD.t o provi de
separation of t e equat or i al (first band, 0.010 g) and axial (seeond band,

0.010 g) acid isoners. HPLC ( 10%to 90% MeCN (0.1 -46 12 MAY 2004 WO
0113610 RCT/ USCO 31058 TFA)/H20 (O | gk 19 YMC 120 A/ S-~ ODS- AM col um,
100mmx 4.6 nm |.~ mM/mn: RT. (equ = 6.49 min; RT. (axial) =
6. 7~. ExagpniseHydroxymethyl-bicyclo[3.2.1]oct-1-yl)-1,3-dipropyl-3, 7-d|hydro -purine-2,6-dione

To a solution of 5-(6-amino-2,4-dioxo-1,3-dipropyl-1,2,3,4- -tetrahydro-pyrimidin-5-

ylcarbamoyl)-bicyclo{3 .2.1]octane-1-carboxylic acid methyl ester (prepared as described for
Example 8) (0.714 mmol, 0.30 g) was added LiBH; (2M in THF, 0.54 ml). After stirring
overnight at room temperature and then at reflux 90 min. The reaction was quenched at
room température by addition of IN HCI, diluted with H,O and extracted with EtOAc. The
combined organics were washed with saturated NaHCOs, H0, and brine, and dried
(MgSOs). Filtration and evaporation provided product (0.20 g, 71%) as an oil. MS (ES")
415.15 (M+Na, 100%), 393.5 (M+H, 48%)
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3-[S-(2, 6-Di oxo-1, 3-di propyl -2, 3,6, 7-tetrahydro- 1H purin-8-yl)-bicycl o[ 3. 2.
l]oct-1-ylj propionic acid A suspension of Y 2004
3-[5-(2, 6-Di oxo-1, 3-di propyl -2, 3,6, 7-t et rahydr o- 1H puri n- 8- yI’)1A

bi cycl o\, 8-ofadeh@ct - 1-yi]-acrylic acid methyl ester (Exanpteusg)sipss 58 nmol,
0.25 g) 310%PdIC(50%H20 0. 029 mmol, 0.062 Qg) |n MeOH (20 m) was

PK?L‘JSE”%;F%S‘ ofReB s AR b SRS PR SRR AR ST, o
g 0. é%zgcg xR Y%- @1? cgiy(lj Q|2|J4-Q&aﬁﬁ50 gﬂ'ﬁﬂqldh%(y'l)vdxdlh‘& S B RInd 1] oao%? in 20%
I prop

di oxo- tetrahydro-1 H purin- )-bicyclo

[3 2. 1] ON4OH- (QJO]mbra@élMﬁQIé(Hb@ aﬂ}r\ywxrreégmcbneﬂwmnnm Tl@rw@og)«vasn THF

m d h h
enct i bréed ©aARE i at B koot BAmBE M OfBe Bobye Bl T°
aci di fi eglidifkh GI3R-ivkith ABHCHEd théirextrBiied WiR Et@AE e Thé eofeifiedEMOALY . The

sol ution was concentrated on the rotovzﬁ until solids just began to

separ at eextrttsevere Washadrith setyrated NaHGChelif) and hrineasrdidriesl (MeSQer Biltmsiopect ed
by vacuum Fly%{;%éhg%fol owga W ﬂt\%ﬁ B}rgmgfoénlaé}%' J_@tg %Qh 3. aét%&tf—thFé%% ileg] 061

sol i ds vRRideE desired pfod
g9, 329. tltTé&,ﬁfs\Aine o«mgrm 0)C3GhIL ' NMR(mmMm,czmcbor)u 21)«941 1(14 (q)21 25
2k

21. 31
gg) 32 (t30. 26423) 1. 7(1t()),,-’h a(4e1)5(t)4£7 ﬁ%(tz R 4913()635334 t§)45 é742§) A6 1(‘4 150 90

$12, b v A0 7o TR (O as 02s (ATRARY Tt s B, RARE L

rin-8-yl)bicycl o[ 3.2.1] octane-1-carbonyl ] -am no}-phenyl acetic acid Using

t he procedure described in Exanple 8, 5- g 6- Di oxo-1, 3-di propyl -2, 3,6, 7
tetrahydro-1 H purin-8-yl)-bicycl o[ 8% ctane- 1-carboxylic acid (Exanple
8) (0.02 3 - L 6Edibgs-thvstigchl ori de
(0. 064 WEDAB(&OO?S ﬁmﬁgg%g?}:tgﬁ prog celt eﬁylttle conpo%urild (0.0134 gq,
489% as %m)oi hen-@tf-yldx)dgtceneaﬂdrs M5 (ES*) 536.36 (MrH) - 47 12 MAY

o (2 B oo Ta aab BN SO o 3 T et . 13632381 Scipropy-7-
purin-S- % a@@(@&b%ﬁsi&@@&@p%ﬁ@-@%@iﬂm 9P{0. 06 ol 25630 %Nam d

nmet hyl e was treated W th Li CH
(0.22 m THFqR nﬂmwané;ieﬁmh%@% énswsqn @rDémanoloO&Oab 2 tm@m@msmeesu due

dified H 2 N HC d
g(r:lgalnl Icgre\ﬁé‘l?‘g’\?é% '1&8%@53?‘1% ‘b’ﬁ“é‘v"a‘b? I%E‘%fg%cemy]&t rat | on and
evapor atz@na lafaa&ﬂ A:ﬁenevmés@cn&aw& héheB wii Jatithte@ NHYC)\und exfrivtedlesi r ed
pr oduct 055 ¢, as a mxture of diastereonmers. HPLC (10%to 90%
MeCN (0. mmwm:(@xl oT e ourmtripgd organissnwae washed vdtbebrng ang dried, svigﬁmn X 4.6
T e s o i B s prb G (BbPY e BRREY W b A ! N

anal ogous§!

(IRS, IS, W@jﬂs (MBHRXO- 1, 3-di propyl 2,3,6, 7-tetrahydro- lH-purln 8-yl)
bicyclo[.3. 2. 1] oct ane- 1- carbon | ] -am no} phenyl acetic acid_Exanple 34

8 (4- Hydr oXy- m@ii-moo[qf {2‘[3]5&!9"%191d1Pf8P)d17p@6WVd‘Z9PYm§r3‘I}/’BTz@3’QﬂrtF‘t‘i@Wfr% di on
1 H-purin-8-yl]-2,6-dioxa-tricyclo[3.3.1. 0*"Jnon-4-yloxy}-acetic acid tert-butyl ester (0.10

mmol, 0.059 g) in CH,ClI; (1ml) was treated with TFA (1ml) and stirred at room temperature
overnight. The reaction was concentrated to dryness and the residue purified by reverse
phase HPLC to provide product (0.0036 g, 8%). MS (ES™) 435.13 (M+H).

Example 12 .
3-[5-(2,6-Dioxo-l,3.-dipropyl-2,3,6,7-tctrahydro-1H-purin-8-yl)-bicyclo-[3.2.1]0ct-1-y|]-

acrylic acid
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Usi ng the nmet hod described in Exanple 8, 4-hydroxy-bicyclo[3.2.1]octane-1
carboxylic acid (Kraus, W, et al. Liebigs Ann.Chem, 1981) | D, 12%&6) (0.50
mol, 0.085 g) was reacted with 5, 6-di ami no-1, 3-di propyl - 142 MAY

pyri m djine-2, 4-di one hydrochloride (0.50 muol; 0.132 g). vide the

desi red“f:f? B’d:ﬁ‘g{“ (0.u81 g, 44% . Using the nmethod descri blé‘éjolpg&%ﬂé l e 8,
4- hydr oxy-bi cyclo[3.2.1 ]octane-1 carboxylic acid

(6- ani no- 2, 47di tonf §i(Ribehgxo-1.3digrony k 18 Gahtettalydpysi Hapuhina@-§hy | ) - ami de

0.21 I . h {red d . S 361 . 36
(vier) . Bsipl b dloched RSB0 A8 et B) (o 5L B o banT & ml
o 0B R Ak i o R385 ot ur
deri vat miewas adtled-iBi.NEh{3ctomnol, 4857 mOThe 13816n was siédAp@ringhilaURT0/1810~8

trated und d | fi [ h h 1:1
Pox/ £t NS SEPBIEER 2Cinb PmBRS TV LMF il S AR Ag RIS | (5. 0
9) was gl wigkl INTHED Sardl. NaHC hatidrsise, &ldEdriwadMesO, ) i@&aldgﬂﬁn@ eq) was

added. The reaction m xture was stirred under reflux for It was then

cool ed evaporatigncroyided-preduaiiq. 7o lsgxcontamiprrel withDME: M (EST) #52.63 EMORD. The

organic | aye | eng concentrated to afford 3.30 g of the

nonot osyl at errlo\r%t,asg’}%gi%gé g%ﬁ%& r%b"ng g"spﬁg{}’e&?i&’ibyﬁ?alfb‘}“wﬁa?f was

di ssol Vﬁféy@:lﬂgﬁﬂlldctzm‘c-lmxgﬁdadi@ﬂﬁﬂm&yhﬂ&hﬂlﬁniﬁc @0.230merb), 0MER gdded. The

reaction mxture was stirred at 60C for 2 da&s?_. |t was then diluted with
mn

H 0 andTél (Bank) et- 1§ € wasadivg.a sphaionrof did B Adein THE Mesmbd Adkarladdition, dri ed
(oo o pefion 5o P B AL 8 f o Dadotl M tBten ) e o
s adqueRlly HYR: dealhiaf om0 AR 00 MO IGRIAS (03D 0 o
at rt f Jhe Suspendion was stirtedibriskiyosetnigin ailernfiliered thrangheCelite t insirigGhe fladite
ol o ST b RIS oraeeseabh ol v v
714 i A TH KL e B (Vods G R e ol M I T TR MDY
g. 3 eq) was Tadcsedution o trsméthyli posphonbdcetdte (.3 10, mill, X564 (= THF (Hrml)ragact i on
i 1 Ofvee REAR SN RIS o HoMEs Okl fioE S EREE SPEIe B ned
The. aquedaSh B ERE S IBRAT dhiolv E9 it ML ORRLPIDMINHE, L0t Wi th

Et OAc. The.ldsqarek Geirbyldehyda (0. i29 mehol,NBG480g))in THF Qank) evisndtetslowlyafAfierd 920
myg of the carboxylic acid deri ' .

t , . .
D Vi ny FUBT,QYCRR &l &1 5103 8mprraiire, the tractionoyss guenhed drithriataraied NH Gl anga
1€t o0 i fin SYOHE T vl cd e RATASL U sl REACOY, b, Sae

manner as before to obtain the correspondi ng xanthi ne derivative)
1, 3- di propytied(NIgSO,). Filtration and evaporation yielded product (0.119 g) contaminated with

I 3 D) prisgt AR oned 8, M DB G QAL ) 7 72 i hydr o puri ne- 2
, 6- di one A solution of 3-[5-(2,6-dioxo-1,3-dipropyl-2,3,6,7-tetrahydro- 1 H-purin-8-yl)-bicyclo-
' [3.2.1]oct-1-yl]-acrylic acid methyl ester (0.129 mmol, 0.055 g) in THF (4 ml) was treated at
room temperature with IN LiOH (1.1 ml). The reaction was heated overnight at reflux. The
reaction was cooled to room temperature, diluted with H,O, acidified with conc. HCI (pH 2-
3) and extracted with EtOAc. The combined organics were washed with brine and dried
(MgSQy). Filtration and evaporation followed by reverse phase HPLC provided pure product
(0.010 g, 19%). MS (ES") 397.24 (M+H-OH, 100%); MS (ES") 413.01 (M:HE. 100%)

Example 13
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(400 ng) 1.08 nmmol) was suspended in 8 m of dioxane and 1 nml of a 2.5 %
solution of Gs04 in t-BuCH was added, followed by 3 nil of Hﬁ((é)ﬁgw‘ 10

m n, Nal 04 was added and the reaction m xture was stirred at r r3h It
was t hen wplogssdowi th H O and extracted with Et OAc. The oP@gaiSeo/3ia§er was
dried (Nai SCa) and concentrated to afford the al dehyde -49 WO 01/ 3.i610

4 (2, b ai BRE DI a2 £ TER R - purin- Saprhiewsig 7 o1

bi cycl o] 2.3p8tAfd #¢i8- 1- car bal dehyde. This material was dissolved in 8 m of
THF and net hyl” (tri phenyl phosphor an Iineiacet ate (720 ng, 2 eq) was added.
The reaction nixestEehayxmyre of 2 54884 mme}) of iayclo[3. TRjoctanes 4ndiFarboxyijc was

dded .sol ution i t he. resul ti ion_m.xt
tirreq oftid moy A dsfts 89 o Bled HACRNE S PliahtR) oo e AR IE 215 "o
or galni;: |§Iﬁ)éﬁé hwt%_éc}dbiri@@lsﬁleaﬁlfég&) n@f6l) 6ONEGNAREIBM| hrthydfduo hekiafiilenvaef t he
acrylate derivatl ve

3- [ 4( 2, 6-atidest3-76, B(LR MBI of HATS, The eaeptiansohsionwasistirrad sty for 1oh. okke bi cycl o

[2.2.2] oct=d:vl]. i ' ] i al,. ' i f 95%
THF and 5‘%’?]—‘#% &ﬁ%ﬁﬁ@%h&@?%ﬁagﬂgﬁ%ﬁbﬁ & raggléﬁgﬁk %1“3%? %qel s

hydr ogenat % cltric acid5Thpaiueots lyerfveas Bparated aed washedlitwive Wittt 4kl parsiohs bf er ed
L oo ot BOAPL el e alor bR e SR Leprpoin s RSy
419. - 50 : & o .

3-( 2, 6- Di %“Sob’ﬁ"%aal}{ﬁpé;?rgggg? Wzg,"g gﬁ%%glttﬁﬁwr‘g?fﬁ purﬁ’@g?él @ggoax#gnt%oinﬁg 1l-ca
rboxyl i ¢ Agskadqdipped mothet @pdensemmwithamiderSoE}S b of PP esd 85 (i of O KOHmM

Ad d Chenilegh, bstituLi .7 | s/ in 100 i of dry THF .added
O ( 10g) Caampiaid BERES taehif B hsdhie o ibounasie readhnnbs ol e calied im
filtered %{}%‘Qﬁ?&f&b W 40NmiTdHvdte X R0widhkd anide ﬁx%@-mﬁﬁ@rﬂox?é offt8$j0),.(Zhe 9

each, 1.7 romstep 1 was treated wt h el ght different diam nes
(8. 75 mmoiquebusdgyeri wasaeRliffeaowmith concisk HChand thg agspltant precipitate collected by

4- Am t hyl - ylim d. Aft i [Wola! i
wmohed w titeRRrrakos o 2R 7P @) P REDAE SR b0ReY, S35 i)
and dried. Step 3: Adamantine-1, 3-dicarboxylic acid (3.5 g) was taken in

DM (20 M) DIC{ 1.3 6 ml) was added and stirred for 1 hr. The resulting
anhydr i deThabllawargicarapaupds werginrdein AR 8ralogoRs menBer esi n was shaken

overni ght . Next | daVe |Nfy&BR)-BicyRS(F 3. boRt. 891y 18R pytid R aVEro-purine-2,6-
© ione, (MH"= 361.15)
Example 13b: 8-(4-Pentyl-bicyclo[2.2.2]oct-1-yl)-1 ,3-dipropyl-3,7-dihydro;puriﬁe—Z,G-dione,
(MH™=415.19)
Example 13c: 5-(2,6-Dioxo-1,3-dipropyl-2,3,6,7-tetrahydro-1H-purin-8-yl)-
bicyclo[3.2.2]nonane-1-carboxylic acid, (MH" = 403.30)
Example 13d: [4-(2,6-Dioxo-1,3-dipropyl-2,3,6,7-tetrahydro-1H-purin-8-yl)-
bicyclo[2.2.2]oct-1-yl}-carbamic acid methyl ester, (MH" = 418.15)
Example 13e: 8-(4-Bromo-bicyclo[2.2.2]oct-1-yl)-1,3-dipropyl-3,7-dihydro-purine-2,6-
dione. (MNa" = 425.22) :
Example 13f: 8-(1-Aza-bicyclo[2.2.2]oct-4-yl)-1,3-dipropyl-3,7-dihydro-purine-2,6-dione,
(MH" = 346.31)

N-3 alkylations of the precursor monopropy! uracils were performed by literature procedures
(Milller. C. E.; Geis, U.; Hipp, J.; Schobert, U.; Frobenius, W.; Pawlowski, M.; Suzuki, F.;
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(3X25 m)) CHzClz (3X25 m) MeOH (3X25 m) and dried. Step 4: 1,3
di propyl -5, 6-di am nouraci LHCI was coupled to the resin from ghenad 2004 ng
PyBOP, N-nethyl norpholine in DVF overnight. The resin was washed with DV

(3X25 M) ) wdléfB#163X25 mM) MeOH (3X25 ml) and dried. Step ﬁ%@godﬂgssr esin
tom step 4 was added 2nil of KOH solution (7.5 g of KOH in 20 o( wat er .

MeOH THF 10: 90: .10, cC nd, he t 60C overnight. Next day) after
cool i ng to%g?v"‘i’g?% ﬁznj'véé’[eaﬁgmq&;ﬂhﬁwéﬂq"&@kﬁr?ﬂ?) QFIHFDTQQQM)&WCI =
(3X2ml) and -gop§aradiftvith 8Ehgaq V4 | ollin By ! for 1
hr. Tfie res?ﬁ?\%@sﬁf‘i I tler edﬁgwﬁgscﬁgﬁalﬁd%%y&{ gl.lmggdr?bapgzé‘%s%o &ég&)p\}\}gg
renoved by -Spelizativaprotaied wee thed ¢aplnysd th makd xanthinedéghva@eswat er 1: 1 (2m)

d | hi 1d zed. yduot h terized b . Ma ES+ 533). -51
T3, B G R P ki B TR 1T 1 35
3-(2,6-Di omc?;gggs_gq,}igg-gjgydim?& G(mgqg@zhydr o-| H-purin-8-yl } -adamant ane- 1-ca

rboxylic aci m nonet 6yl - benzyl am dé Fol | owed the procedure from Exanpl e

36. 3- Ami ndixapipjd 13udr[pHErVetboxaethyld-db-dioxel gpopyl-2\H6 $-éttH$dros B purimGil e
38 . . ,
3- (2, 6- Di 061082 4i21pessr L-carbonylis apidy IMER 40543} pur i n- 8- y! ) - adanmant ane- 1- ca

rboxyl i c a@Exdmph BT - \ . 3 e -@i:@@’ e
36. >1/ 3-Di ?m' noprgsg]éﬂgz \%M&%ﬁl}g% égyggvkﬁ/gpggﬁffggg‘a%%ﬁfo& anpl'e é

3- (2, 6- Di 0Rcl-dihgdrorpuringy.6-diope AMH=80730)dr o- 1H- puri n- 8-yl ) - adanant ane- 1- ca
rboxylic acid -{.4- 1, N0z by Qpyl.) - pl perazi n-1-yl]-pr -am de Fol | owed
t he %'r oc edExgmﬁ:feofﬁé-iﬁ-i?)éﬂ%ﬁhog{?@ee@§-Eﬁyﬂ§,§p@5§1 I]ynfgpﬁg&%ﬂn@MX 'lh'
propyl ani nguias-yaikyclv[ 2L QfoctaneMassbdxyliS acia YA Exgimpl e 40 _

3-(2, 6-Di oxo-1, 3-di propyl -2, 3,6, 7-t et rahydr o- 1H puri n-8-yl ) - adamant ane- 1- ca
rboxylic a&xample 3K aw%ylc%r64~aﬁwlyblmiq{¥ﬂ)l]@gtdl—sdbréapymwénﬁ-diéy@mbpmma,ehe
procedure fdfo(?m AP h §ﬁ 4, 4' - Met hyl enebi s(cycl ohcxyl am ne) was used in
step 2. Mass E’n( + 66% Exanpl e 41

3- (2, 6- Di 0EmamhpR- kil pt-{Ha{4-M2thoxG-phetyd)-2, 6ickoot prdpylin 316, Biettahy e URMpusing- 1- ca

"hoxyll e 1bicyclof2.2.2]octane- 1carboxylic acid, (MH'= 453.4)

Example 13m: 4-[2,6-Dioxo-1,3-bis-(3,3,3-trifluoro-propyl)-2,3,6,7-tetrahydro-1H-purin-8-
yl]-bicyclo[2.2.2]octane-1-carboxylic acid, (MH"= 496.98) |
Example 13n: 4-[2,6-Dioxo-1,3-bis-(3,3,3-trifluoro-propyl)-2,3,6, 7-tetrahydro-1 H-purin-8-
yl]-bicyclo[2.2.2]octane-1-carboxyiic acid methy! ester, (MH "= 511.3)
Example 130: 3-[4-(6-Oxo0-1 ,3-dipropyl-2-thioxo-2,3,6,7-tetrahydro-lH-purin-—S-yl);
bicyclo[2.2.2]oct-1-yl]-propionic acid, (MH"= 432.98) from 5,6-diamino-1 ,3-di]:;ropyl-2-
thioxo-2,3-dihydro-1H-pyrimidin-4-one, prepared by a literature procedure (Jacobéon, K.A;

"Kiriasis, L.; Barone, S.; Bradbury, B. A.; Kammula, U.; Campagne, M.; Secunda, S.; Daly, J.
W.; Neumeyer, J. L.; Pfleiderer, W. J. Med. Chem. 1989, 32, 1873-1879).
Example 13p: 4-(6-Oxo-1,3-dipropyl-2-thioxo-2,3,6,7-tetrahydro- 1 H-purin-8-yl)-
bicyclo[2.2.2]octane-1-carboxylic acid, (MH'= 405.04) from 5,6-diamino-1,3-dipropyl-2-
thioxo-2,3-dihydro-1H-pyrimidin-4-one, prepared by a literature procedure (Jacobson, K. A.;
Kiriasis, L.; Barone, S.; Bradbury, B. A.; Kammula, U.; Campagne, M.; Secunda, S.; Daly, J.
W.; Neumeyer, J. L.; Pfleiderer, W. J. Med. Chem. 1989, 32, 1873-1879).

Exarpgle 14
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acid (4-am no-cycl ohexyl)-am de Fol |l owed the procedure from Exanpl e 36.
Cycl ohexane- 1, 4-di ami ne was used in step 2. Mass ((ES+ 5111)2 MA?zz[l{lki r 12
MAY 2004 WD 01/ 34610 PCT/ US00131058 Exanple 42

8-[3-(Pi Rﬁb%i[ﬁ-ﬁﬁ’o 1- carbonyl) - adamant an- 1-yl J- 1, 3- di pr opy| p@r/ts6b/31yse o- puri n
e-2,6 dione owed t he procedure from Exanpl e 36. Pi perazine was used in
step 2. Mass &)ES+ 483)

S (5 & b g 6-Dioserd OB IR I ek Sxashy i BuripsSatl)-bitvelof F 2RERETH ne- 1- ca

rboxylic ac the procedure from Exanpl e 36 Step 3. Rink
resin was® bgﬁﬁl nstegﬁhgq\a@mgﬁg resin. Mass (ES+ 414). Exanple 44

3-(2, 6- Di oxo- I4.@,,d4mnmq&yj.>-cﬁp@pﬁ 23 16ét-ueaﬂ;ydroeW-Iﬁupn-r&-yi)-ﬁrcytlb{hﬁé]mtﬁxmde 1-ca
e LS@S&&E’@ 20 BXaTaPIA S S0 S5 Ra Ses GBS B, &0 AT of MeOH, and

di pr opyl

| Isgpr g%angq $ If gf?:&%‘ab‘r ﬂCS(CESH% I%-En@( PJlﬁ}FHﬁC\L%sV@&Jg‘EYEU reAGH uHSl d&sx‘ﬁﬁbﬁéd’of

8- (3I :—Iydr%mlﬁghmﬁnaﬂiddmm}]'gMﬁﬂmcg%wﬁifugcmﬁgwhnﬁlsmggwm therreaniofd, 6- di on
e Foll owed the procedyre from e Ss +

5- (2, 6- Di EuLe vgaScﬁom pkF| vaguo ﬁfcfn?é‘fer‘éwa‘fea@ EfOAC and washedwith s d

purin- 8- ykéﬂ%tﬁon sl é\@dﬁéﬂ%@@maﬁ(ﬁaﬂﬂé’ﬁi@)&@sﬁ@ﬁ& was conc’d in vacuo to give

Bi cycl o[ 3 ane- 1, 5-di carboxyl'i ¢ aci d nononet hyl ester (900 ng) was
taken in CSPEHOTBielt)of aowkbitesolid (MHT63.42N7w1) and 2 drops of DVF were
added and stirred at rt for 2hrs. After two hrs, solvent was renoved by
rotavap. The residue was taken up in 20 m of CHZC12. Di am no uracil.Hd

(1.25 g)) and diisopropylethyl am neflanfplely were added and stirred at rt
overni ght. Next day, the reaction mXxture was diluted with water, extracted

Wi th CHzC8i(4-Hairbxymethyhbisytiol3.2. oreltyBuiel-disaemp3, 7-dily drorrusine-2edionerhe

sopr opanal - water 3ot LEBRFAPY g REEANGE e Vs e D L
carboxylic acid methy! ester (Example 14) (1.40 g, 3.48 mmol) was combined with LiBH,
(0.379 g, 17.4 mmol), MeOH (0.141 ml, 3.48 mmol), and 100 m! of THF and the resultant
mixture was brought to reflux for 18 h. After cooling to rt, 50 m! of IM HCl were added
and the mixture conc’d in vacuo. The residue was dissolved in EtOAc and washed with 1M
HCI, sat’d NaHCOs, brine, and dried over Na;SO4. The EtOAc solution was conc'd in vacuo
to give 1.15 g (88% yield) of a white solid. (MH" =375.50)

Example 16 ,
4-(2,6-Dioxo-i,3-dipropyl-2,3,6,7-tetrahydro-l H-purin-s-yl)-bicyclo[2.2.2]octa-me-l-
: carbaidehyde N

To a solution of 0.092 g (0.246 mmol) of 8-(4-Hydroxymethyl-bicyclo[2.2.2]oct-1-
yl)-1,3-dipropyl-3,7-dihydro-purine-2,6-dione (Example 15) in 5 ml of CH;Cl; was added
0.125 g (0.295 mmol) Dess-Martin periodinane. The reaction mixture was stirred at rt until
the oxidation was complete. The reaction solution was filtered through a plug of basic
alumina, washed with sat’d NaHCO;, brine, and dried over Na;SO4. The CH:Cl; solution
was conc’d in vacuo to give 0.057 g (62% yield) of an off-white solid.(MH" = 373.30)

Example 17
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overnight. Next day after cooling to rt, solvent was renoved by rotavap,
diluted with water, acidified wwth 1IN HCI. Precipitate forrrefmsﬂ‘ltered
and dried. Yield 900 ng. Mass (ES+ 403) Exanpl e 47
8- (5- Hydmox 9y | - bi cycl 0[ 3.3.1 ) PCT/US00/31058
non-1-yl }-1, 3-di propyl - 3, 7-di hydro- puri ne 2, 6- dione
5-(2, 6- r 3 B L nof v -

Dsqthz% ISroGlbn Wrogyi32.8.67- Eeﬁfahg@%d]iﬁ in-gyehigvsloz 2 2loc1ytls |

purin-8-yl) - bi cycl o[ 3. 3.'I'] honane-1 car boxyll
THF (25 atr)vthIelBi THF ( 1 M 3.5 nm) was added and stirred at rt over ni ght.

Next day th hed it h S
rotavap, Di | ulBIROiERRIE AHA N0y 8l et A FRDAS Citarat & TAENREd wi t h
wat er, Digjfihe 8 'csslreeveserwaém‘@nﬁmns ?%rl‘g?n‘?%g“ﬁgf%dﬁf*%@, CycﬂdQ(Frgs (ES+

389) Exarrpl e 48 8-{3-[(2-D nmet-hyl am no-e

] non- 1- yth}opimﬁ,t\dhxﬁﬁ stinyihg 8yef 5dnimydﬁrfcerpuraddmeri’al@ﬂdmﬁrz\eOSPepo 300 g (0.805
8- (5- Hydroxyrret hyl - bi c%cl o} L on-1-y 0_) 3-di propyl - 3, 7-di hydro
pur i ne- 2menolyphkkampied %zPéO%Qa AHIPTAPH L. 346, TR IR0 Hypum:r&ed)sos (844

and ti.rred o d tional
o unt obe @?%?-nﬁ E‘S‘é“%‘é%%‘és W RUE I B0 rPlckibh S BURVEL B Vel 0T
m Xt ure sebwds ttu'te&'lcfoMéh Fhéaydactieremixngre (was @OndTH Jin ddtslo WREO D edichitiel N HCI )
e i 2 1 B S Sl S RIS GBS 5 £ o
5-(2, 6- - 3.1
o o E’ar%*?rgéfeﬁcy&*e"@ 4 9p¥dond anit Risdifd RUIRARRH | S ol AR CERel 5 1 1O
et hane- 1watedilayai theicé A@thri’@}ml et owsoof HBDIAC 10difigd with cdnod HOK arﬂt:eﬁl]ectedcr d

dded and h
O 1t od BieEipretsyloEtieh Sivaion BRTOT0 & UL oAy (oo e | o0 over

MISO, . Thgdael WAt =wps gggnoved under reduced pressure The crude product
was purified by Preparative HPLC. Mass (ES+ 459) -54 WO 01/ 3. a610 Exanple
49 12 I\/AY 20Q4 PCTI US00/ 31058 3-[5-(2, 6-Di oxo-1, 3-di propyl -

3,6, 7-tetrahydro-1 H-purin-8-yl)-bi E%clo! 3.53.1 ] non-1-yl) acrylic acid
S-(2,6-D oxo-1, 3-di propyl -2, 3,6, 7-t -1 Hpurin-8-yl)-bicyclo[3.3.1

] nonane- 3442 laabrdsaba@a(p?r&ﬁyum m&sn»‘aaym 1H-p -ézﬁ)-mc}clo[sz ppleenwhy-D
0- phosphanyl i dene)-acetr c acid methyl ester (61 was added and refI uxed
over ni ghpropienic agi¥dy anot her 460 ng of Triphenyl -0 0 phosphanyl i dene) - aceti c

w0 water (ondy CRRATYa e PR E3 R ah ot Pl s b EbR ARt A (210
Sol vent  yascrydi mmdc(Eumdplre 17 (ueSEck) was skissoleed B § wiled MéOM anditemnbingd wifk,

extracted with e ate (3X25 . Aqueous | ayer was acjdified with 1
N HJ. an80 Qitsroééb%%%t FHAF O%esrér ‘{@S@@s@d threp yimesivath Ny ad *nalzskeae%nd

gonge?t rgﬁ%qg;%“?&gofg?z gﬁg?%§% &E%g[cfeﬁtgr?grh Wﬁ filte¥dd and conc’d to give

H puri n- eo;av)gm'kswldma'swmrqmmmm frﬁﬂ@ﬁbbnr c acid

Er E)ﬁr .(ﬁ g*ﬂm °a|8?:y’c [‘gkﬁé @O%X%ﬁaﬁf'wrrltﬁ%ﬁf/'% a%)al ror TH-awin-Ry)- was
hydr ogena&:?@lo{ bJe8t- PlyESERethyRbrobfhi O A & Wt nidde ieRiankIdgdus matther. @MED =Dsi

overni ght . Cat al yst was filtered thr ough celite and the sol vent was
concent r&3b&0) Solid was purified by crystallizing fromether Yield 1 S ng.
Mass (ES+ 431 )

Example 19
{|4-(2,6-Dioxo-1,3-dipropyl-2,3,6,7-tetrahydro-1H-purin-8-yl)-bicyclo[2.2.2]octane-1-
carbonyl]-methyl-amino}-acetic acid

To a stirred mixture of 0.100 g (0.257 mmol) of 4-(2.6—Dio.\'o-1,3-dipropyl-2,3,6,7-
tetrahydro- 1 H-purin-8-yl)-bicyclo[2.2.2]octane- 1 -carboxylic acid (Example 13), 0.039 g
(0.257 mmol) of sarcosine hydrochloride, 0.143 ml (1.03 mmol) of NEt;, and 2 ml anhydrous .
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Exanpl e 51 5-(2, 6-Di oxo-1, 3-di propyl-2,3,6, 7-tetrahydro-1

H purin-8-ylr9-oxa-bicyclo[3.3.1 ] nonane-2-carboxylic aci d1§tﬁﬁé

1, 3-Di propyl -7-pyrrolidin-1-yl methyl -3, 7-di hydro-purine-2,6 290638 ny)
was takewoeysdsw THF (10 ml) at -78C. nBuLi (0.88 m, 2. Wstobvemme) was

added slowy. The reaction m xture funmed orange and stirred for 30 mn at

-78C. i I LN 3ml of THF, .added to
t he re?é cegﬁ'ﬁﬁx E’?gmgg)l P& )7 6\%%% § A@drﬁ*}% re%cI“SWS'f/l Wéﬁﬂf%cf and
stirred f@br 26 lir The ?aaaxdnaﬁmmewwwﬁcuﬁmwm g attiedmindt Wik 10 Eoard

extracted wth et hal acet ate_(3X50 ml‘)g Conbi ned organic | ayer was washed
with 1IN &d 10 mhek 0% gHEC Brid. nEhe gycews lpyesrwassapadated endyashed twisg with 10-ml

Concent s A e BRbined Bl AR SR O e

1:1 ). Mass NERIO36dd bririeed 2onc’d in vacuo. The resultant solid was dissolved in a mixture
8- (1- Hydr oxy-cycl ooct - 4- eny 3-di propyl -di E%dro purine- 2, 6-di one (

180 ny, ¢f dm! et MeOH nd;gml PﬁLNrN?QHGFQS%@-@( 16 5. by reactipn solwiethWas monoxi de
bubb | 01
e o ne oS L3480, AR B 8 1 R o Rl AL U o (TR 0701 1)

cl ?aar Sf CBI&%E Hl’tﬁ:aqeémsrla)érwssmﬁﬁed\/a?]throemmlmdelﬂehxrelammeplrcpnpamure
Diluted with water, extracted w et acetate. Ethyl ace ayer was
washed vfQ wcwatbérsyctm ftHBﬂ%O@%Y@O 547 Esiaof 24 @%M&M@hén@r’ll t he
crude prggyl was purified by silica gel chromat ography el uting W|th et hyl
acet at e: hexar?e ( 1:1 ). Yield 120 ng. Mass (ES+ 419). Step 3:

5-(2, 6- D oxo-1, 3-di propyl 2,3,6, 7-tetrahydro- 1H-pur|n 8-yl)-9-oxa

bi cycl e[ 3. 3.1 ] ndnane-2 garbo li¢ acid. neth ester (50 ng, fromstep 2)

was t akehhe fplloweng eampupds yergypiade juan analogous ‘and stirred at rt
overni gh arh??ét J trﬂxgafbc 5€, .diluted with
wat er ang ex ellg??é ﬂv\\f«?ﬁbx\gf 3 e ac t‘(aitjejgd%ue us Fﬁ-fg?ﬁ%/asg acidified with 1IN

HCl, ext bmyd:leﬂ 22 Johtane- rh'gphrbamehqaﬁtcai @Bd(mﬂryﬂa)mxn&ﬂiyl)mnido,r(gﬁf =45pdyer was
hed d Q f th | t
oo Eitae 195 UAN D BRE BrERroR] go ot AR PO BYRer . Nese (ES +

405) Exappy &ogb 2]octane- -carbonyl -ammo}-acenc acid methyl ester, (MH"™ = 460.3)
8- (5- Hydr oxy-9- oxXa- bi cycl [ 3. 3. 1) nhon-1-y -di propyl -3, 7-di hydr o- puri ne-

2, 6-di onExamQJeﬂJPQr-Uﬁﬁl- 2:5-Bipxedi3- dipmpylilar%?mrahﬁdwdd{-nym-@ =Ylhri ne- 2, 6-di one

Elgigng?) 3@6.}(@% Wﬁi%h-gﬁg] gé‘g%at %ﬂplﬁﬁf ‘rdcmftaﬁue“"é%]ﬁge &% st5:VIrlr2d

for 30 NERard Ie-1§&Q[4@6lmieﬁ$-mam ropy M2, 81657 -{etr@Rydve] HuprirtiB 94! ved in 3ml of
dry THF, addféd to the reaction mﬁxture Stirred at -78C for 30 min) slowy

war red tb‘CFQIOQF?dZ]@FFaP? -dfapeRY iagino} -aeatc pdddMB = AF6POY e was quenched with
sat chhx?rﬂgle%é A &dsm&xla £ h}%@%{?&%éé&ﬁ?@@% 3‘199.@%1 ed organic

| ayer was washed WI IN"HC, "wat'er)” and b over nhydr ous NazS04
and concbmy:rla@lelﬂ]oﬂaee-(tfcatiben;dﬂ-pmwtlmwabcqnbnxyﬂmacidp‘d—l NMR ¢400cMHzm, el ut ed

‘6“1526%%%&9— §§4 REIA0 D des i, oeD; 156 %8 ' 615, 1784138 (m, 140 2id4 T T
[53(3 ? i)%)%g g) car b@w-]bl %921 ﬁ.ét“e]tsrqm%ﬂ éw;jp?mensgrr)él ?)rgcg)élﬁrgl g)r/glmo
t he- exanﬁkmﬁxaﬂf)l%mmlmlqmmmomethyl blcyclo[2 2.2]oct-1-yl)-1,3-dipropyl-3,7-dihydro-
purine-2,6-dione, (MH" = 402.08)
Example 19g: 8-{4-[(2-Dimethylamino-ethylamino)-methyl]-bicyclo[2.2.2]oct-1-yl}-1,3-
dipropyl-3.7-dihydro-purine-2,6-dione, (MH'= 445.24)
Example 19h: 4-(2,6-Dioxo-1,3- dipropyl ,3,6,7- tctrahydro-lH-purin- -yl)

Exarqgle 20
-37.




Cycl ohept - 4- enone was used instead of Cycl ooct-4-enone. Mass (ESt 347) Step
2: 8-(1-Hydroxy-cycl ohept-4-enyl)-1, 3-di propyl -3, 7-di hydro\/\g;”pgnﬁﬂf 6- di one
(50 nmg) was taken in 10 m of MeOH at rt. Carbon nonoxi de u

t hrough ¥wipeo1ldaé¥d for 10 mn. PdC 2 (25 ny), CuCl Z (58 ny)rCrrsvoadessd and CO
was bubbled for 3 hrs. Stirred at rt overnight. Diluted wwth MeOH, water
and precgp(l t%ﬁé-ﬁi%%ﬁ’.‘@ﬂd‘ckhtﬂf d.d Ffdwnb 7cfih{drR-pul¥hidD ¥adiohemoved by

rotavap, the-residué s extracte et hyl acet ate Et hyI acetate | ayer

was was hed Wi f4a(2p6rDiod0- b idipspparid3 dﬂrtet!alwﬂe?r-llfli@m -ylrbicgeloBoheost-d atl-on,

added anasiamiects Beo| 257 LR R bl RS aetedlides B A0 wh SpgBe.

rotavap, y4 g?(g ﬁ?"lﬂd@ré&?{%ntrﬁiﬁ%}e%s'c&déﬁ&ﬁéd ﬁ%cﬁﬁﬂomﬂde&id@c&m@hwdsh et hyl
acetate | cl:frrfL Aqueous | ayer was acidified with 1IN HCl, extracted with

ethyl acehaardifXcapnitile by/affordSt&gre (THgkas awkitesalit IHF36092) ne and dri ed.
After concentration the product was dissolved in ether and filtered through
a pad of silica gel. Concentration gave 30 ng of the product. Mass (ES+ 391

) Exanpl e 54 Phosphoric acid Exam le 21
nono- [ 4- (2, 6-di oxo- 1, 3-di propyl -tetrahydro-| H ur.in-8-zyl£..
bi cycl o[ 2(R)- 124 &;G»mom-]lﬁsgpeqpyl-zﬁ 6 7-tetrahydro-l -purin-8-yl)-bicyclo-[2.2.2]oct-1-

8- (4- Hydrox cllo 2 2 2] oct-1-yl)-1, 3-di propyl - 3, 7-di hydr o- puri ne- 2, 6-di
one(Exa’h‘ﬂ '?d%‘?f ng) 0.5 mmol ) was dissolved in a mxture of 1H

tetrazol e (35§. (%mﬁaofﬂ‘f@c)o[l 0.2)6ct1lylpd  3cdipropyied, Ddikydid-puriec? 6 @isde of dry
nmet hyl ene chl ori enper ature di benzgl di et hi_mfhos&)ﬁoram dite

(a6 e i i (0iR0 g;&aé%mmwa&mm@g%wam SupleotiiR 2tegnd eq for

i i ur o Q20 g ofeoayL iy ThERBHER R Rt By I lB0RATER. 308 | 10
m xture Masidi miNtee vf/&rcoﬂd‘iﬂ'fuhedicuﬂﬁnml{bl&§&ue wistiffied badthes stk of & 56% moﬂact ed
three tines wi¢h CH C 2, and the organic_ |ayer was vvashed wat er .

Evapor at $obwiiaransd)-§3hg LiGR oyermebh o Shmsastion qaixkure e sons d gyacyo, taken up in

4- (2, 6-d r y/ Y 2
wo of 1 3561 SEOPREEBE PER A wtalhn SRR R0 pht BzhRefe K wice Wik

whi ch vvas.nntﬁonimemﬂﬁ;l-lm uThe wbmotwemgami&ﬂed:whbbom’&}mimdmwmlﬂmgphor| c
acid di benzyl est 2, 6-.di axo-.1, 3-dj pr | - .0, (tetr x Q

i pur | n- megyaREJened possstn Slfiph o ewEodB g o S3MBent  at ed
in vacuumto get 280 ng product. M5 (M+l ) 621. Phosphoric aC| d di benzyl
ester-4-(2,6-di oxo-1, 3-di propyl -2, 3,6, 7-tetrahydro- 1H

pur i*n-'8-Yhe fddioswng cjrapaingd3 wete-madel in@s apalogens mhnsswl ved in a mixture of 15

Py f ouenBePBRE S A BRSO P P ke AP RSk o o 1 and

sol vent ¥Rscis)anPfoel-e91dxy - propishi¢ &5d,qNeWas37 eprystal lized in a mxture of
met hanol a?nd Dthh agg't aI’VIe to get 190 title product ;yl eld 869

( M| 44@-}@13%%68 5-'5150propoxy-b1cyclo[2 2. 2]r<r)%t- 1-yi)-1 ,a-dxpropyl -3 d1hydro-purme-2,6-

4- ChI or Qs Eﬂ_rran thyl} am no] - 5- sul f anoyl - benzoi ¢ aci d
3-[4- (2 %‘ 8%8 o- 1| gél propyl -2, 3,6, 7-tetrahydro- 1H purin-8-yl)-bicyclo[2.2.2

] oct - 1- yEkarhple2il @W(@A}Vlybkmbﬁcyem[hﬁ 2Joow1xtl )4t ,8-dipropyl-3,7-dihydro-purine-2.6-
3-[4-(2,6-Dioxo-1, 3 ropyl 2,3,6,7-tetrahydro- 1H purin-8-yl)

bi cycl o[d_’loﬂei]\'%t foi/l pr opi on| C aC| d (208 ng, 0.5 mml) , sodium

bi car boné%@né{%%fll)ﬂrpr ﬁ% -BIgrb) b %@m;glg c’iﬂGa lﬁﬁh&hﬁ)ﬁm ungjy rogensul fate (

17 ny, wat er ( omsth ne (5°mM) was stirred
vi gor ousb,yyab[zaz.“?.]oéf-ﬂqﬂoxy]}acnm acidp(MHO =48d8) on ni xture was added a

1 owed ESERSIZAF o THEPar i O Heror BT - PEp SUSIPLL AR o
coupl e of_ ﬁoyﬁ_%,hydmpgﬁﬂamgcd,g,&ywm&ssgmr ated and washed wi th brine. The
organic extracts were dried over sodiumsulfate. After the sol vent was

renoved Enamalc@df 2 He(2@Biakoel daliprppyli2,3,6 3-tbyahydtariH-phimedrai)ogr aphy on Si &z

usi ng et ) uent to +2 yield 86%

3[4- (2, 6 @-Ij 2fge é%ﬁ?‘%&%@? me Ye‘GP’?PPBFraéﬁ@WB‘( ﬂ—é)w)n 8-yl )-bicycl o[ 2. 2. 2
]oct-1- yI]prop| onic acid chloronethyl ester. M5 (M+tl 465) To a sol ution of
4- Chl oro-2-[ (furan-2-yl net hyl }-am no] - 5- sul f anoyl - benzoi ¢ acid

-38-
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( 142.5 ng) 0.43 mmol) in DW (3 m) was added triethyl amne ( 10 ng, 0.95
nmol )) and the m xture was stirred for 1 h. The above obt ai V4 onet hyl
ester (20 , 43 mmol} and Nal (130 ng, 0.86 mmol) were added to the
reaction ?ﬁ%‘g‘ The reaction was |l et go at roomtenper atPLﬁTéUW@F%tht

The reaction mxture V\%@ %centrat ed down under vacuo. The -58 12 MAY
200 WO 01p@mpe 81 Cr 8ot Paass b 1dsyPRile. Wad ey iier Hawetnterieen Et hyl

acet at e/ enfys ed and was purified under
col um. c\t/;@ o2 %E@pg{ g'?m‘(g]o 'g)?éﬁorn C\t/ﬁa IQIF]{; célcg)rrpa)f)t und (190 ng, yield 58% as

whi t e sol Exampt®e Mt:13-{OR[K-(&6aDinixe- 158dipropyl-2,3,6,7-tetrahydro- 1 H-purin-8-yl)-
1- Car boxy-3 6, 7-tetrahydro-| H purin-8-yl}

bi cycl of 2b lQ)’é?Bczt2]%‘:57F‘?’F%Vﬁb‘l‘%ﬂ??%%ihﬁ'ﬁoﬁﬂré@oonyI }- pr opy! - anmoni um
trifl
2t er t - BRI, 2 Iz S B oRe T el 28 S P et i b i
SUE ?n[g (l?;:fcélﬁ[gmg)}oﬁt-%w‘p%ﬂﬂ:@m}g‘Ifg?jlagzdggt ﬁHI} ester was made b
sl g 2 L EARERIE S0 GG D RTP o Dot ool teuabidiod F pwin byl “ester - )
3 4- (2

: 6(7 &%&ﬁggﬁgiﬂ%&?}% @We)thyt])ipéofc?ng[ 3(:.1%.1\5?0& - l)7 ]-propionic acid
((:erjllz(cj:rl g;ry}}:%x/d(m;gsﬂgk)s-?-tm Bydxani, B}d;pr?p}d-'?m?& 74tﬂrdBWo-D$@hﬂg€_€ﬂb-ng in LG 1

at.r ure for in prep. )

get the tRIEYRC é%ﬂ%B%Hygé%#K?gq ﬁl P(%H‘%Pﬂ*‘%&)%?}" %5‘{‘{7{\45 576)pExgrrpI e 57

- Car bOXyE%nf;;}Je 2{133L[4 (Q% lﬁmdqupdllpm?pyﬂv,e [ORhralyd3o 4 Hiphifif-8 3y dr o- | H-purin-8

-yI ~ bic ) oct - % propi onyl } h dr azi nocar bonyl) propyl - ammoni um
trifluor oblaméQ[at-e'Z]ACtni'XlOulf]e ,afdlmethyl-pmplomc acid, (MH" = 461.3

3-[4-(2, 3
bi E:ycl( o[ %Cé[m [5d %)6 ?Il?é/ o-ffﬁl éprggyl ézgg yd‘iﬁ’l_g}qlrjﬂr’f‘lﬁ‘%g%léxanpl e 18) (208
ng, 0,5 nme}c)o Bmﬂjw&ﬂ%xﬁ]hcetwudagdﬂdd%mhyl nor phol i ne (56 ng, 0.55
mmol ) and |sobut I 'chl orof ormat e_( r;g.[2 0.55 mmol ), and the  m xture was

ep

stirred fléxan:pth wyidtai, %@w@bbx@mr 36, MrtrahmdmyIH@yne-rS --100 mg) 0.75

The 1 cactvoriorr Pt Ralr i Ba kG pap s thbo i I uifgp e ol ™

respect i vebge (tf 6H) B $5 gﬁtsm d. @f(mUBH?rl ssa(wczmanm ttae2Meyisdysh, \@Z PYz d,i ed
by col um_chronat ography) followed deprotection on (CHZCI 2fr 3 to get
3-[4(2, 6-BillpRIBLs gﬁé}ﬁ‘ypﬂl P&, ZI‘i/)et rahydr o- 1H puri n- 8-yl ) - bi cycl 0[2 2.2

MY 2 110 b R S R PR S B2 G S M B s
basi fi-ed iyvcld[B A yombiyhexylpraporidiscis, V- s 24T3Wnhydri de procedural as

b ' ti j t -t en: b I t di d
LU er - DRSS i 2-EOr 5 Ra By or SRR Sibe SR iAg- | FBpBBUtY  on | n

CHz Cl =1 f FfeycS[S P2k PBhopidlic Ldid | (FPOURRNag) as TFA salt. NB(M+1 550)

Example 22

8-(4-Phenoxy-bicyclo[2.2.2]oct-1-yl)-1,3-dipropyl-3,7-dihydro-purine-2,6-dione

To a solution of 60 mg of 8-(4-Hydroxy-bicyclo[2.2.2]oct-1-y)-1,3-dipropyl-3,7-
dihyaro-puﬁne-2,6-dionc (Example 13a) (0.167 mmol) in CH,Cl; (2ml) was added 27 uL of
pyridine and the reaction mixture cooled to 0°C. To this was added 40 pL of triflic
anhydride (0.24 mmol) in CH,Cl> (1ml). Maintained at 10°C overnight. The reaction
mixture was diluted with CH,Cl, (5 ml) and washed with cold 1N HC], sat’dENaHCOg and
brine. Dried over sodium sulfate and concentrated in vacuo to afford a yellow oil. The crude

triflate was dissolved in 1,4-dioxane (3 ml) and 100 mg of phenol (1.08 mmol was added

-30.
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Exanpl e 58 [3-(2, 6-Di oxo-1, 3-di propyl -2, 3,6, 7-tetrahydro-|

H purin-8-yl met hyl ) -adamant an-1-yl] acetic acid Fol | owed {§leMmamgspr ocedure
from Exanpl e 45 usi ng (3- Met hoxycar bonyl nmet hyl adamant an-1-yl)-acetic acid

i nst ead 0?3 | o[ 3. 3. 1] nonane-1, 5-di car boxyl i c aci d nPIMER00B1058st er .

Mass (ES+ Zf ?MCExarrple 59 .

4-(2,6-Di,oxo-l. 3 di. ° - s ' 18d car box
iE O~ Ry by el QPY0Clovernfghl - T fedliedefichirt e inclnvdidc GWORBARY bie

4- ( 6- ami A9 tdkeh @xiorethyd ackme OFyhl) yaghe®, wiith BN el F mi)ppat! diNaHEO05 (5 ml),

yl car banoyl ) - cubane- 1- car boxyl i c. g%l d rreérlpél esgeéﬁ)(mo 0.966 nmol ) in
MeOH { 20NHE] (am)eandehaing. e greanic Jaysr Wes drgd@yes AP Hi Songentfted8s i t i ng
turbid m xture : j ol reaction

m xt ur e YAE @@nﬁ%rg%}gggﬁlﬁfV%dﬁgﬁygélg{gg\?mh{%%%g\;@h I(ﬂstgrlé?ﬁ i ce chips and
aci di fi %@xmesﬁéﬂ@Ad? fpuftcié 1 ae ofitinle compowordas atwhitesdliHWVH FH37 283 uThé ng - whi t e
precipitate was collected, dried, and washed with_ether .{éo iﬂiv a white

sol i d ( elowipg cpempunds Werkprepamed in a-halogRrsananer after SAROHCAINEOGHR ¢, 6H),
1.70 (m_2 P é.83 (m 2H), 3.99 (m 2H), 4.08 (m 2H), 4.27 (m 3H), 4.38
(nm 3H) MR ES (M4, Exanple 60

8- (1- Hydr o~cynet hyl - Cuban-4-yl)-1, 3-di propyl -3, 7-di hydr o- puri ne- 2, b-di one.
To a stirred suspension_of _ . u .

4-{2, 6- drample 222 {64-81RiP3 | 3-4prerylcd 3 e die pRprRng -yD-

yl)-cubane-1-car Vi WA *2@3s/wpl ) and HATU (1.1 eq) O.288
nmol ) 1%‘:}'&&3[5?#1%&”4 y%\‘ﬂ% a(c\%gé;aca ed H&%fgg}; base ( 1. f eq, 0.288 mmol,
37 ny), ExeaiplyR2b:§i-(2Dioxbhk3disepyl-23¢, htstehydreridbperndur e was stirred
for 3 h and NaB 2,0.eq, Q.522 muyl.. 2 2\ ded in one portion. The
mi xt ur e WexslefgiZr ]eé‘-#-as‘rl-%ﬂhyjﬁm'{‘?}a?fé*“ ?l%,(%o\l,\%é'ﬁ\?t h the aid of an ice
Path ande sl b ety cliexeonupRRy RIS RRalblrcoRgRITRYb HO - The
resul ting pal e yel'l ow precipitate was collected, dried, and resuspended in
MECN.  Af bieyclo[RiZ:2]Joctgne-gaulforyt]-amierigaaid, AMEP 62 12pp~ PCT/ USUUI 31058
overnight the material was collected and dried to afford an off white
powder (50 ng, ~2%. MS. 369 (MHO. Exanple 61

4- (7-Benzyl - 2, 6-di oxo-1, 3-di propyl - Bxdaingle Z3 t et r ahydr o- 1H-purin-8-yl)

bi cycl o[ 2. 2. 2] oct ane-1-carboxylic acid. Tq a sti rrﬁd soiﬁti o ¢ 1

of 4- [ ( 6- Mutianezylonic agis- 4-(36-digxedpd AipropylP, 36 Tetetrahydrosl H-purin-8-yD-

pyri-m di n-5- -benzyl ~carbanoyl ] - bi cycl o] 2. 2. 2] oct ane- 1- car boxylic acid
net hyl eEFéF‘XLZL%g]%ﬁé‘?I'Yng‘ﬁg mmol) ini-ProH (20 m) was added 2 N KOH {4.0
eq, .%3. 37 moir) akollitith of 80 ehgt dfS-@eidydroxnydigicydlof 2.2 ontelsy hdat-diprenyl-Bef-1 ux for

26 h. The cool reaction mxture was concentr at LN vaguo tosgi

sem --sol dittydresputine-2.fratongdExampled 42 (Gl ¢ el @réﬂﬁéz @F‘ba‘@?“eag{dgﬁh #ﬁ “35?513.
The aquequs ase was_ acidifi Lth . n . fogrd a white
br oot i ¢ BBN SR e et e sl 4y FERAETTL HisGafpaceqalri or € B
Exanpl e ﬁ%xhan ulfonyl chloride (0.26 mmol) and the reaction mixture kept at 10°C overnight. The

)
4-{2,6-Di oxo-f, 3-di propyl -2, 3,5, 7-tetrahydro-| H purin-8-yl~bi cycl o] 2. 2. 2] oc
tane- 1 ¢ eeabtdniminturs Wwasi qepcenirateddr yqqug@ngﬁ]eggqlqms enupin é/tbAc and wasLed

4- (2, 6-digxo-1,3- di ly5 2 5 z $@; & donc’d. The residue
bi cycl of 35l 9@%&%@5@5@?-bﬁ’%%ﬁ%%%ﬁ%i{ ‘2%86&3%3%%??‘% NBOH L30T ves
added hy@;agwthmm Asenivdlelioaffoid 36 m@(56%) of pife whitd solidXBHE) 4380 a
solution of NaOAc (trihydrate, 1.5 eq, 6.45 mmol) 890 ng) in water ( 10
m). The resulting mxture was stirred at rt overnight. The m xture was
concentrated in vacuo and the solidg.ggLdug Was suspended in water ( 15
m)) collected, washed with water am%(—d%'e_d'to afford a white powder ( 1.4
g, 84% . TUhidnexpéulfshivvasidal-E:6-divad-1iddipnepylr2sh6s7atetnahydro-Elzpryin-8el):
[4- (2, 6-Di oxo-1, 3-dipr o&/I -2,3,6,9-tetrahydro-1H purin-8-yl)bicyclo[2.2.2]0
ct - 1-yI | bieyslolP dSI0ctl-YhESHRE. VB 404 (M ~F) .- .

To a solution of 100 mg of 8-(4-Hydroxy-bicyclo{2.2.2]oct-1-yl)-1,3-dipropyl-3.7-

' dihydro-purine-2,6-dione (Example 132) (0.28 mmol) in CH,Cl (10 ml) was added 40 uL of

Et;N and the reaction mixture cooled in an ice bath. To this was added 100 mg of p-

- 40 -



Exanpl e 63

3-[4-(2, 6-D oxo-1, 3-di propyl -2, 3,6, 7-tetrahydro-| H puri n-8-ybyw iﬁﬂfl o[ 2. 2.
2]oct-1-yl] acrylonitrile. To a stirred suspension of :
4- (2, 6- dvoxes4618- di propyl -2, 3, 6, 7-t et rahydro-1 H- puri n- 8 PCT/US00/31058
yl)-bicycl o[ 2. 2. 2] oct ane- 1- car bal dehyde (535 ng) 1.44 mmol) and -61 12

hi AY 20%1@&@@%@6&&1&@5«@3@%&25& {eyaRaR kil mqootmmte[hqrapteu i
chloride ( I.2 eq, 1.73 mmol )|nT||FQI30m at 0C was added

KHI viS (1B1utelWas QooF deinaacip apd he reg %taktemtlp me‘Et@Aﬂa)nd wrastaect X ithi dngnm xture

vas, St BN Lk Dol kP b B s OO R e S i futiea
sat ur at e ReteRRMR 1DIF6H mhgtmm d%%ht@ﬂtdt(hﬂ{mouﬁ phase was

extracted with EtOQAc (20 m The conbi ned organi ¢ phasés were washed with
a saturated aqueous NaCI solution (2 x 20 m), dried (MySCa), filtered and

evaporated to give a solid residue Ehat lwag purified by radial
chromat ography (2 mm plate) using 5 n CHClz as elucnt to afford 425

759 - L L N M i~
et s
{ 2- [ 4- ( 2meéthRinesaifomagnide pr opyl - 2, 3, 6, 7-t et r ahydr o- 1H puri n- 8-yl ) bi cycl o[ 2. 2.

I RER I T SN o SR S

2] oct - 1- dth}dr@rpmﬁnem,s fiohe (E w)l, @R8&mol) in 2 ml of pyridine chllled in an
3-[4-(2, 6-di oxo 3-di pr 7-tetrahydro-1H ur|n8 1)
bi cycl o[@e@za@e]rcb@thwasﬁcﬁc yL@fﬁmqmames%frm qﬁ;mde 02 )BQ‘Vncwepiquoao n )

bal | on cRlRRPcROn Tes T PoRiRet 7 i cOt) & etantniony bdicErverty « or
St 11 0, UARALAN e ORUEH 1 HEIURS, dRRRED il ALar kgl LRlthe and

concentra I*n vacuo to give 100 400
VHz, CDGiffgrd a&'eﬂo@&tl(whmlm oiasi eaken tp upE@Aaq (16Hh1) add E'SSKemmﬁ'Jd)wxih ard(t, 21~

1.67(m2 , 2H), 3.99 (t,.

ORI PPN A NN S ML R M

anal ogoug, %Pﬁﬂrcon@ﬁaﬁ'@h%ﬁ@ysmllmcd from acetonitrile to afford 27 m (22%)as a white

4- (4- (2, 6-di oxo-1, 3-di propyl -2, 3,6, 7-tctrahydro- 1H-pur|n% - bi cycl o[ 2. 2.
2] oct - 1- satid-MH 7 4 38.08i a‘hnﬁqllwvmegqmpqunnswememmdam mntﬂgeumbrmcr
{2-14-(2, 6-D oxo-1|, 3-di propyl -2, 3,6, 7-tetrahydro- 1H purin-8-yl)-bicyclo[ 2.2
. 2] oct 1-yl]-et hyI} phosphori c aC| d diethyl ester, Ms: 509 (MH+. Exanple 65
-62 7 1 Exdrhlbléﬁ@% 0% %Mﬁ!@tﬂ?@ﬂ?l@@ﬂ&é@ﬂ&dro-lH-pur1n-8-yl)

4-(2,.6-D oxo-1 E 9-tetrahydro-

H puri a- Bicyalp2s). %L?él'b‘P’ UE@?)@HEH@“E&E’HPBSHF@V(M@ =$89.85ktirred suspension

I(EI]j pﬁr |(ﬁ %‘&él cyc% (192609%3‘]506%d%répf’?carédﬁ%yar%%ello@upﬁgn(84512) ng, - 1. 03 nmol )

in CHC 3b1(;?<£!o[rzl22]oct3b4y!sdlfmbyl]-hd:mmacnll (¥H&n 4B2.27pat h, was added POC13
(neat, d the_ resultin al]o to reach .
anbj ent E%&F#&r-’e[%hs& F@ d1PF°H¥‘2gﬁ§1"FE%B'§FQV5\ﬁﬁm“;EF‘u ¥was poured into

t F?]-n,ﬂ X Pﬁ-ﬁ'ﬁ%
\s\gt 5;at e@%ﬁg ous O\sﬂglI gtslﬁg%ﬁg ﬁﬁ‘l’? 3? 25?.’%3‘9%%@%12 04 §( tered ana
concent rExadpheriSdab(fb(l & Djoxcel,3-dipropy:2, mmemmmmem 84y])-95% . Ms: 370
MH+ C . ‘e
E4 ()2 GEE‘:gaB&fﬁglo&t - L Ispifpmoylisthiophengs2:carboxylic 4¢id (MH = 83020 cycl o[ 2. 2. 2] 0
ct-1-yl ] peghple d8EyNF4-(7,8- IﬁoﬁéJlr‘Lﬁﬁro%yEDQW-%aﬁ{/drBﬂtﬂl mmtet W
tri phenyl phosphoni um chl ori d in TFH F (60 n1) at -78C
was ad_deblichlQBIZJZIOthﬂmeMI%maOGS@%WmNCI VHena$8.32) ni) 5 nmol ). The
fesulti ng, 8bl 39T {fato YRR A blpRebyR2 341 etk BIRRL A Pl Ry 5 N and a

sol uti on"®

4- (2, 6- dbn@ﬁ o[2. B2 P I-gy¢thid}-Sulforfoyl ptiviahede-Q-carbdxytit Acid-mydthylisey M2 2. 2] 0
ctane-1car aIdehyde (372 ng) 1.0 mol) in THF ( 12 n) was added over a
peri od of7®® ninutes. The mixture was held at -78C for 6 h and all owed to
reach anblent tenperature overnight ( 12 h). The reaction m xture was
partitioned between saturated ageuous NH4CL ( 100 m) and Et OAc ( 100 m)
and the aqueous phase was extracted witdj .EtOAc (50 m). The conbi ned
organi c extracts were washed with saturated ageuous NaCl ( 100 m),
concentrated in vacuo, redissolved in THF and concentrated to a vol une of
approx. 20 m. To the solution was . added an equal volune of 1 N HCO and
the m xture was stirred overnight. The m xture was diluted with Et QAc (20
m), the aqueous phase was separated and extracted with EtQAc (10 m). The
conblned organlc phases were then mashed mnth saturated ‘ageuous NaCI (2 X)

R A £~/ AN\



- 63 WO 0113610 12 NMAY 2004 PCT/ U500131058
[4-(2, 6-Di oxo-1, 3-di propyl -2, 3, 6, 9-tetrahydro-1H puri n- 8- yI)| quzh(ﬂ[Z.Z.Z]
oct-1-yl] acetic acid. To a sol ution of 2

[ 4- (2, 6- dv@wo34616- di propyl -2, 3,6, 9-tetrahydro-1 H-purl n- 8-PEITJUS00/31058
bi cycl of 2. 2. 2Joct-1-y|]-acetal dehyde (170 ng) 0.440 mmol) in t-BuCH (10 m)

d 2net O SR7iN Y/ I '~ d of
"oe bat h EXREIEENE (40 550 15 BiiRbey1 20 Pirduanb QY AR ol R e 2 1 BT
sol uti on weecléfl/20dect- 1-pintettnd Ps fanioatit-thi@mesd- aicﬁfb@xﬂvﬁcxdi (ME=03h4034)14 h
t hen concentr at eghl n yacuo. The resulti n@ﬂ%{;laé resi due was ﬁgl’tl ti oned

bet ween viexaspl¢ 2 (2 gridioxprt ndipiepyirey yreddkpymedeylivas aci di fi ed by

col 1 ot o) TERRA AT eab a6 RN e i A, R SRR 508 e B whi te
powder. ~H NMR (400 MHz, CDA 3); d 0.91 (t, 3H), 0.93 (t, 3H), 1.63 (m

2H), 1.77 (m 2H, partlally obscured)) 1.82 (m 6H), 2.01 (m 6H)) 2.32 (s,
2H), 3.95 (m 2H)) 4.07 (m 2H), 12%@,—_@ . Exanpl e 68

2l oot - 1 BRI fa@*ﬁh@faﬁhﬁi%‘g@f’éﬂ& gt gghabbars! of>-2

{2-[4-(2, ﬁmdhaz@dxoﬁedl propyl -2, 3,6, 7-tetrahydro- LH puri n- 8- yI} bi cycl o

2.2.2]oct-1-y1]-eth hosph d diethyl est | !
ot 25 hasomteb el URohesT bl donae Tpeiefee St 3:‘1%mwb8m )

| dt I t Th
?esﬁrfl ngggf‘%glpﬁ)ll}ltgg?eé \d}ggc @i’ﬁqﬂ cte I(gl2§ @olﬁ%ﬁ%g%ﬁ%@%%~ H NI\/R ((3400
MHz) CDC &)—bo:éild&hﬁdh (@oélmokjﬂmCHzt:lzp(Bmﬂ)mas@d)i)d 3 dBdps (of gla’&H) acetic4gid and 8H),

éngpf 2r 6{.80 mg o} sodl gacetox;mrogydgnde% 47 %m:ol) Compgcte con ersxolnzéc% sbcgvg 24 1.

8-[4-(3- gwmr @fegay@mm&waghae&hzd Rhth2mdd etlandt M3 A %E 28 Heflhdy dr o- pu

ri ne-2, 6di one a so
of . 3-[ 4- (ﬂ\gﬁed\oemat&d - vilicpe wmfford a3priéss @t whith dvas-piitifipd friom éhytdjous

cool od 1 cassisni o aIL R i WRoD e bl o 0 Bim 830388 the bllrae e, "5, 0

mol ) . The,simnbd Wk & 1@ SRBshreP reach anbient tenperature and
stirred f‘gornqa perlodﬂg%ﬁ%o lﬁ Fo wng&r{ﬁe addition of MeOH (10 m), the

m Xture was concentrated in vacuo to afford a white solid that was

di | ved at h dtod

" vacuo. EXHERE ghe (Ao ofbroBed Sebir R BbPYIERE  esul ¢ ng. whi & o
sol i d waxewégﬁﬂbhwynhémwmﬁh@I\racé& &id, QM3 2m) (86%)  of 2 white
powder éb was al so used to prepare: d'?xl e 69a:

8- [ 4: ('2- Hyxaroply 26%:1 (4- [ Hckmidagop-2 7 Imgidy - axnlqublsEyQOBIZpZ]@syI-YQ b 3cipRYbpur |

di L
ge[i ?1 IGO d(5}>1<yo olpgﬁ%l ﬁ WOQEEQQ? qéa )[rahydr 0- 1H-purin-8-yl)-bicycl o[ 2. 2.

2] oct - 1- yEtanpslopéarjdsd ddeoi'mlfB-dl@I‘qiyl 2)3,6)7-tetrahydro-1H-purin-8-yl)-
3[4(26d|ox013d|propyl ;Nﬁ_trrahydro 1H purin-8-yl}
bi cycl o- [ picycloge4logt: VWQJ&CBWFE‘“ d I, 1.22 mol) and HATU {1.1

1.34 TEY. L)
T50- ol EXgyle 26 SR erP?ﬁP‘e%II‘fI%MI’%a@%ﬂ? R R
h, excessdihpdrorpuang2, delMlc,lﬂNﬂfwmelOM 0 mM) was added and the m xture was
t d 4.h d
Fesul t1 ngbruBH abe et DYt R BthiRe v elPel ming e B e iger o
m) wth jhe. ﬁv-@ugar@pmneb@@dldre , MAT=k70.91f he transfer and inprove

solubility.” "The aqueous phase was extracted with CHZCh {2 x 10 m), the

conbi ned Exgawlpéﬁféﬁa(ée{sf(%lmldm%ﬂmmﬁ) &nNOH-IGICﬂQ)ﬂ}‘)bICBOlOfW? 2]ontt lepl)-1,3-

ggl\/gSQOg())/() f.I I teg[eg fxﬂx_@o-\ﬁ%&% f%e-éixo (mf«u045'[4%59| ve an off white solid (455

Example 26g: 4-{[4-(2,6-Dioxo-1,3-dipropyl-2,3,6,7-tetrahydro-1H-purin-8 -yI)-
bxcyclo[2.2.2]oct- -ylamino}-methyl}-benzoic acid, (MH" = 494.34)

-42 .-



This method was enployed in the synthesis of the follow ng cddMAYdI0h
Exanpl e 7040 01/34610 PCT/US00/31058
3-[4-(2, 6-Di oxo-1, 3-di propyl -2, 3,6, 7-tetrahydro- 1H puri n-8-yl)-bi cycl o 2. 2.
2] oct - 1- y|Bxabfle R6ht 4-6H[442.6-DibxyH1 >~ BipRpYPIAME, Hestrabfiiro- R ufMelyp).; Exanpl e

7

N- ( 2- OyandiBiRR2: %Ioftzll‘(yb“%b)(ﬂ -850} -methyylrbepapic i (M=t $a8:Hhydr o- 1H puri n8
b 469

y{I 5 BRI 291 D S GRAR A Gl 3 (mw%anom@I@md[ 2.2

2]0 ane yl)—Eard)bydd'b}ptmmncﬁ}-dﬁn&]xmﬂ-ﬁ#mbggyr| c acid nmethyl ester, MS: 504

(2 [4-(2, ?XBF@I%?@ $-@r{fFupmpr2-yimpetiylramino]-ateyiaid bbishicio(2.2. 3)@t3t Hi- ey el of 2. 2

ﬁ‘é."ff B e L R e ST S
{Hz g IIi I1 _286-',xeme2&1~; é-gtgﬁg;ﬁpmo:ta 1? 61p?c;p§y!312,|l3¢7@7~‘gé(')tfsth o- lH-ggfué 8yl) To &

soIOuti on YI"IfIf 2%%861 YIF%‘JI? 'i“%hydIlﬁ‘I'G’b‘Iya*Ilsu °glc@°1%q( 51928:26) 1H- pur i n- 8 yl)
bi | of 2 1 I

ol T h R 1o 0 2o Py B Y itob TS - B i

was stirr guriag- Zi&dmer(M%lﬁ‘IZMﬂdh ti onal TI\/BBr vvas added and the reaction

was heate The ,sol vent in vacuo to give an

or ange sog'xgl%\%% éII PFWIBE @I%II’QFIS IOEI)gEII?%TIrXI}TIA?W‘IWOMEaF/- The
mat eri al ﬁ;@@d.g@)d, (TE " 8l fy 3 sgpt er and dried (20 ng, 77% . MS: 453
(M) . Exarrple 23 5 ]\%tméZGDloxolSdlp opyl -2, 3,6, 7-tetrahydro-1
H purin-8 yampb.%épcﬁo{@ (b tbutydrhine}-methyl}-bitycial@l2. Aoyi- tytjons Ampropille. A
sol ution ¢f,

N-(2- cyang e‘IlI-I{/‘IIm %I'lrInﬁ (gdxgn&(ggg 144§6c?)propyl 2,3,6, 7-tetrahydro- 1Hpurin-8
-yl )-bicyclo[2.2.2]oct-1-yl]-propi onam de (500 ng, 1.06 nmol, 1.0 eq)) Ph3P
(2.0 eq) 2.13 nmol, 560 ng), TMBN3 (2.0 eq, 2.13 nmol, 245 rrg), and DEAD
(2.0 eq) 2.13 mmol) 371 ng) in THF ( Bxample 23s stirred at rt for 24 h. The

t I 2.13
ol ) and” Sy L HLy BreRal a8 Iorﬁ'ﬁﬁy Eare eSS B Bl £ on ves
quenched higy¢lnR. b.athctam-odrbmﬁmmdleous sol ution of (NH4)ZCe(N0O3)6 and

extracted with EtOAI: g&onbln g/?nlc extracts were washed with brine,
dried over MySER2SP Ytiog0f & edlpxyrpheaylid.6-dicxbf lprdpul-2,5 $cBus

LC,¢
af ford SB‘I‘%W%E’I DA SV Ay ) Rt E e PR .03 o)
1, 3- Di-pr opeCla(3 ml) coaled-intagiry iz ticetdng bith etdsyaldliedi eyl Af AR broR kisrbmidey/! } - 3, 7-

?lzh)[lg r ?ga@h&ngi in giitéé [-)I:rI;g &ﬂcﬁOI %ﬁ,‘g&{} ‘?@taiIQII‘SFQrtB compe to rt. and maintained for 2 h.

H puri n- 84fi¢rthisaime d{e&e&t%h@zﬁkmk Whd | rile
(150 mg, 0,30 mypl). Ln THE (20 m) $ e inlary e dihieqeneahifil PRORD T © ng
m xture EAYOSRIPEY @d”aétlsqli’t°¢ gﬁcrg:ongcn@rgn@m;m vazuednd mormalbzeirﬁoxﬁmbétaﬁi&ﬁld tod t h

CH~Ci z ( ified b careful addition
of conceﬁatrat gg%ﬁt‘;@ﬁné‘gﬂﬁf sul E’?“Iﬁ?ﬂ‘??ﬂ%‘f@&ﬁ& P°BB S WERPPIRPRsHGINE 12
MAY 200 PGmilatiSaenrgt058 col | ect ed, washed with water and dried to afford 55
ng (41 %9 of a white powder. MS: 441 (M+). This nethod was al so enpl oyed
|n the synthesis of: Exanple 73a:
1, 3- D pr g4y 0, oct I di h opur
i ne-2. g a4t OnePIIIC HH {41IP ﬁwyoég gIIQr?er)b§§}'ﬁ 2] é %IOXO- -propyl1 2%,3,7 tetrahy roy P
4-14-(2, @um&eml}iblsyaio[ﬁrbmbtaﬂ: B—cSanxyIQiicﬁIilMMH"iIerwjl n-8-yf)-bicyclo[ 2. 2.

2] oct - 1- t C sol

20 2 Bt Y1 3B gioR el Lo Blaxonkpransl-2.6 Trtewaedsor - purin--y1]

bi cycl o[ BidcRI[D2t2]actiihd- 1 Ry \rﬁt_ ter (45 ng, 100 prol) in THF
(4 m) vvas@tréate(I wth 1 M!IIIIII\CQI‘II(a ;II]ch Pﬁe resulting turbid solution
was stirred at rt overnight. The soI ution was concentrated in vacuo diluted
with water (2 m) and acidified by the dropw se addition of concentrated
HCl . The resulting precipitate was col Lggted, washed wth water and dried
to afford a white powder (35 ng) 81 %9. MS: 431 (MH').



This met hod was enployed in the synthesis of the follow ng cop®diard2ils
Exanpl e 74w0 01/34610 PCT/US00/310
3-[4-(2, 6-Di oxo-1, 3-di propyl -2, 3,6, 7-tetrahydro- 1H puri n- 8y$1). E/)anssl yl]a

| B 24094-
grhl {C zagl Dx%el 3- d.m“o?ﬁ@*""?m"ﬁy'y tégt(?%’fﬁzl PEOPY23:f T ey rp- Wi-oydinsst 2. 2.

2] oct - 1- y|yilpl@cm[%yéﬂwar@obca&rboedﬁacaﬂrb\dkry#mwee)d MB: 458 (Mi~; Exanple

(e puri n- 8. SRRy 74 S GHeAR R P b Sosoicprosiadia- ns: s

(MHO,  Exangtrgh 1H-purin-8-yl
2-[4- (2, 6- Di BhydiolL1L purin-8-y1J-bigy d°[6222]t°§ttlrgﬂféwm‘i‘ﬁaﬁ‘&r MHE= 49512 eyl of 2. 2.

g] ?gt[ |4 2/|11€:s44n@l28’7e &(‘@Hvdmwamghagzaz]m ﬂ)?R-rEZ-gkhydlrﬁ)E;s l)ee ,mllb o
~a ro- urin- I CyCl O
2. 2] oct 2‘?%?]‘ e@%l%ydf P ggéj% gﬁﬁ’gxf}%& )ac?/d VB: EOO (IVF| ~; Exarr%l e
7

4- [4 (2, 6-Di oxo-1, 3-di propyl -2, 3,6,9-tetrahydro-1H 1*urin-8-yl)-bicyclo[ 2.2
.2]oct-1-yl]-but-2-enoic acid) Ms: 425_4M|e_§ Exanpl e 74g:

3-14-(2, 6- dro- 1H- 1)-b | o 2. 2.
2 oct - 1 yi e BB SR Buchd oy -2 el aBPIWOPWéB?%hthrghﬁ%%ylc O[

01/ 34610 E»mﬁpsql}zsncyalowzﬂﬁ%emm i 9a

8- (4- (5- Hydr ox tgc}/gtl azol 3- y&_) c cIo 2.2.2]oct-1-yl J-1, 3-di propyl -3

, 9-di hydro puri ne $oi3n roxy- phenyl)-ethyll 2,6-dioxo-1-propyl-
a0 2] octans {STabRE RN "ée lﬂ%@#ﬁ%&rﬁ Rl dod (Empias2 7o)

succi ni mi @é.107 nina))in Vatdy lmmll Aaind n oil
bat h at 6gC ?or g,ﬁlnh.a'l_'h(e rerztg?i olrrllf asﬂo\?gglﬁion?vew)o?n%ﬁggh?ﬁ% :

al | owed t §okugien of 80 me %fneldim ¢hHTgpmad) i stanol((2.161) €The rBactiénmiintyre Fasny) Was

added. Th t i.l_ bat Et 3N (.(2.Q eq, 0.44 mmol, 44
Ty vias | adqad el vadahbidnl o crod (BaRie punBrdiey epriai(s hrameimianiy 4o vas
heat ed at afford Ibmg@@%hofd&s&ed:p@lduéteaﬁl-lm'5927‘89} ure was evaporated in vacuo

to afford a solid residue that was purified by radial chromatography (2 mm
pl ate) using a gradient of 2-10% MeOH in CHZC12 as el uent.

Pr oduct - ¢ nd concentrat ed to afford 3 1
g (26% ggégdl\l}’h“?tggeééslgf&gﬁg%wéﬁa%gwg fe P8 owi ng conpounds were

pr epar ed Enaranleé’rsaﬂrd&d% (Wydmxy H@ﬁpﬂ@-pﬁéﬂy -ethyl]-2,6-dioxo-1-propyl ,7-
3-[4-(2,6 X é‘ﬁ? 1 L? gtetrah ro-1 pur|n8 ?bIC clo[2.2.
2] oct - 1- y‘?aﬁy o %ﬁ“g ﬁ% E&%@PQ% ostansxdydarboxybic acidetMibl = éé% &0) Ms: 472
MH~;.  EXaBRArBplé D8b: 3-(4-{3-[2-(4- 3-iodo-

3 (4 (2 oo e 0 (i (3 [2(4- Hydroxy-3;iado:phepylcethyll:2.S-dioxe- LPAPY B3 1 of 2. 2.

75c:
8-{4:[5- (4- Met hoxy- phenyl ) -i soxazol - 3-yl ] - bi cycl o[ 2. 2. 2] oct - 1-yl } -1, 3di prop

yl -3, 9-di hydr o- puri ne- 2, 6-di one I\/IS EBhfplddd-; Exanple 75d:
: ox0- 1, 3-di propyl - o-Tet rlaﬁy"dro 1H purin-8-yl)-bicyclof 2. 2.

3-[4:-(2,6:
2] E)c't ( 1- yH E%PTR/P]‘Q'ﬂéoQM@PJé m&ammajwdco-mwmwp -bigcRi2.2[MoctdRel1{ M1 ~.

Exampl e 76 rb id
3-[4-(2, 6- 58’)‘(’61“‘" é?‘p‘)‘?eopyl 2,3,6,7-tetrahydro-| H purin-8-yl)-bicycl o[ 2. 2.

2]oct-1-yl] t hT@plsoiptlomaﬁmibmgkfsqsmansdx@n} ldigtdsyi2.§,83- @H?:h
Na2C03 (4 lgﬂ a 20%9& iﬁ“ TI—EOX& m ) was St i ;ﬂrae Vi gor ous ﬁoﬁ%‘) ar}rr?g and
3-[ 4- ( 2, euptsydel 6‘3' arpoxylig a?ldt(&(arangcdrad(@_ﬂls mmol) in 5 ml of DMF was
gg(rj'eg STH&C@Q%/ g GfIERA PUZD 888 i) hnd bqprh%t‘ﬁ'ﬂ d8sd ropynahyl amihe. Let ot

rt for 30 min. Added 2.1 ml of 0.5 M NHj in dioxane (1.03 mmol) dropwise over 5 min. Let

stir overnight added .5 eq. of 0.5M NHj in dioxane (0.5 ml). Added EtOAc and IN NaOH

-44 .

2] oct - 1- yqe}rah:sctsszdibpwsi%wg)rb@xs}b[m Afpict Lpbk-prybionkd aid, (MBI*=462Q.08yHO, Exanpl e



resulting pale yellow solution was stirred at rt for 1 h, evagomnayeslf 0
dryness anwo01yd61d n - 68 12 MAY 2~0~ WD 0113610 PCT/ USOOlmﬂﬁg)om@.{geo
overnight. The crude material was purified by radi al chronmat ography (1 mm
pl ate) usi gildtp%MeteHvigheSoEE 199G rR! AR Lat Whi tre. S ng,
55% . NB: 4322p(M-|~ ). This nethod was enp % B—I(EBi %'edabsnynr?t H%éel °V5fr\§”1#39

fol | owi ng ¥shgangidiin weambo affrd 0.9 mg (40%) ofpure prodUCtW 388.34).

4- (2, 6-Di oxo-1, 3-di propyl -2, 3, 6, 7-tetrahydro-1H purin-8-yl)-bicyclo[2. 2. 2]o
ctane-1-carbothioic acid amde, Ms: 404 (M-. . Exanple 77

1, 3-Di propyl - 8- (4-viayl -bicyclo[ 2. 2. 2] -l ) - 3, 9-dl hydr o- puri ne- 2, 6- di on
e. To a stirred suspension of nethyl W‘%‘H‘éﬂw phosphoni um chl ori de (1 07 g,

g 8 mm:) §- _frf:1 Wn(oz?eth?'rbmclglmﬁectddyibd JadiBropyl(3, 'ﬂ-d?lyMnguh?féf!‘@-dlgném m )
et o 1 or S8 S PSS i h 0 e s
ot ane. 1. Corbal Aot dar (o e dolyligadie sl ExmblE Y (0. Sl ML Pl 2 2
per| od of ™0 "Yﬁsrﬂggég mlﬁ%ﬂr%%&m Oﬁllj\dr’mmﬂa—m\mﬁu (0.284 mmrmgfrﬁlo(vlylz
Th d t d NH4C
(2o i aiohgfle el VRBARRh ot BRBRICRC IRIGERCER: 4 53 Gdnaacipmend ot onc
(20 M ). THuencmdbiitiedo ml@amemaamtmcbmgwo%ﬂ@s@ h@@nc\éhtmec? ah %&Iﬁﬂmﬁﬁ@“ous

NaCl (50 rr1) dried 803%@ filtered and evaporated 1 n vacuo to afrord an
oi | that wesidygiaken bR imh{N Hicliaad V@ﬁhedmwgvlﬁpﬁglz@a AdjugiecpH)~ &anchg.'ashcd

gr adi ent eS| 1 q . Product - co in actions

wer e corrbl ne %Vglrtl% concedn}%crg;?gdﬁ? P gctqlfbv%ﬂog%éﬁﬁg ﬁgmﬁﬁﬁ"/e)e fmgpe Vs
371 (MHO. (mmﬁ)m ¥B.

2-[4-(2,6-D ozo* |, 3-di propyl 2,3,6,7-tetrahydro-I Hpurin-8-yl)-bicyclo[2. 2.
2] oct-1-yl]thi azol e-4-carboxylic acid ethyl ester. A suspension of

4- (2, 6-di oxo-1, 3-di propyl -2, 3,6, 7-tet 9r 1H purin- 8-yl ~

bi cycl o[ 2. 2. 2] oct ane- 1- car bot hi oi ¢ ac (20 ng, 50 p,nmol) and KHCO~
(8.0 eq) &68,9Pinxo- 1,ﬁ-dipfbpytyZ;ﬁ,e,Humlmdlro-ﬂéﬁpungcﬁ-ml&icycfdlp R1)0ctarozl et hyl
br onmopyr uvat ed‘&ﬁ nﬁ 150 ~nol) was added neat via syringe. The resulting
pal e yellﬁwt%‘J £RA6W was stirred at rt for 1 h, cooled to OC with the aid
of an ice bath[a,-mgtthe cegurggqg&,g Y 0 4 1)
and (F~CCO%@O (4.0 eqﬁz ng 5 dﬁ"‘h?.’m’%"?e&ﬁqk .r\ggggéleﬁ? "21@?? Bn
was d¥i 38 end mal Perrahigoer Bdt0|1878r|445uF1¢1pp&ﬁ NGB @pall gt ed

d. .
phases web LRt SR et 53?? SEe-ipelor er o -CRppREIAP & SR at e
irr vucuommglel. sd)lgl)lwa@lomed)w4-Heﬁﬂ>x§>hﬁeﬂx?lih@-|bxé§@fomtl hiyca(:béx”m? %{, te)

usi ng 2-5% CF( i as eluent to afford a white Soli {22 8
MB: 500 ( est%(g]l&; &nepmatography, eluting with 10% diethyl ether/hexanes provxded pure

cis/tr apsl)x%d(x& ©ey, ‘69‘(«1}3&5 élﬁ)ﬁ{ﬂ' (Rt Pewzgso%}qrﬁr b@ﬁw (ﬁﬁ)ﬂgﬁb@&y ‘added

ester (11) A mxture o

over 25 nihit ég), 19.16 (8, zzmmaamlxt)mmp@) Qs:gsqgrmpymynnm ijrﬁlsl 1),42 m)
in dry THE resultin mxturels

stirred at? ggg% go% é’g' #eﬂl t#é’tlgé‘)fﬁ&é%@b 5P§7a(él)dé6f7Tl(AJ $9.63 (@759 G81(t), 200
n) over 29 .04 F}kexlTZil A4\is$ 137 1BYaE 194, }&E&g g@dso-r(:w 112 @q%ed 1,4

di met hyl -cyci o anedi car boxyl at e over 10 mn. After
stirring an adHsingdheprogedure d;SCbbcdrchzdampdnej(hanmemex)’&ﬁethpﬂe),e.ZS m) is added
over 10 ngl slip d at -78C for 30 mn the

Ourt bat roiBgeidRo T ERURE DA Rl hatd S Pedder B 8 nGo1, DrRbee) NRSISenYerte
var m ng ttbrxﬂQ}-BﬁQ‘cloByﬂn}mmneﬂL&:ﬁﬁyﬂc ﬁé&leu&@st b8'l HB@% ﬁgsxg&f 2*6%5kI y

F_is renoved undér re UCG pres ur €

stirred f
resul ti ng&a%?(l@%\i‘é‘e%ég/ﬁBMNEt%wwa@h@aom Rit{(title xampaurid) =¢O. 29)0 m). The

o), water (175005 foub ot AR hchrlot o1 Bitiseriasbeui sebbethrbesifta

saline { (3. &5 rhool,10.81 g)rrdas:hddedislewmdmg&@gérw@ﬁ%f ﬁﬁ?ml%‘.‘efﬂe%action was

—
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filtration and concentration under reduced pressure gives tHh@ MAY 2804
conpound. Wx@/dé¥ 80 Bicycl o[ 2. 2. 2] oct ane- 1, 4-dl car boxyl i cpativsowsss hy|
ester (Il11) 5 rr-Buthyllithium (2.5 Min hexane) 313 mmol) is slowy added

to a stirgaekdi xdetempertutd 26 oy, At AFnARd(RAdThionIF IPLOE! ditd THFE (,450
m ) cooled to -30C, under nitrogen_.wl'é}\le mbéturemins str?jg?’e%h#%rgg%kiﬁanangt
-30C and ewvwicied wigh ErQE3X).nThe eambiped ergania ektracts wenetwashedwith H,0 (2X). brine

i s/t i : -1, 4- di carboxylic acig di methyl
cster (11 0OR AN Rl M Aot B F AR oty npa (225 i
1280 mol a,ic'yaongmp]aeaﬂe-w,mouafaraofyu@iatrdqgaﬁylaésﬁpWh@g&ﬁ)@%@ﬂhfﬂ;&ﬁia&?ﬁ‘c

with stirring. The LDA §§)I ution is then added thro a’ trans ne over

1 hour. Tansl squstorial saids: ur@NMR €160 MEte, GDCL)81E. T (Q)f 18.86 1€, 21.0Mg), 26198 (yar med

07 I RO B SR s 3T SaR o 8 o 38 10 A5 0B T Pt r
and ext r asd §ORIS.TE (8924958 (&5 49.6099), B Y1 (1 IR IIDoGgitEXARBOPYGY ACt S arc

washed with saline, dried over sodium su , fT1I'tered ‘and concentr at ed.
The crude prod&it®°G. 8 seluign af PCL(.§ Moim CiéaCGin 8.5 mi)gwaseaddee to & sdletiewopound. 5

(A m e Tard) SES805 Y ecd-SRY U o Rinal O30S R K BBest o1

11, Ex 085 g)28d D 9.03 D! ' i i
a7 e D AL g 0p el D2ab ) i e | gt RELAMIRG b Ferkieh§ 9).

for 18 hotiRT, theereastioniyas filisredi touemaveolids ant the fi6B&O wais \washed eithr5&6 tiede Wi t h

h 150 ) .is.acidified (6 ~ d hl ori
ot dy to Bil-SeupdbyfNarlaR, BNERLE (RaSUU Filichand craepraion visjcet ratcbrbi med
chl or of or@m7&g, 16Q%Fasdreoil: IMSEESI pE23R4 (MMt #BS). due i s di ssolved in toluene)

filtered and cOncentraéke’,d to give the title conpound, np = [69-173C. 5
Exanpl e 82 4- GhFYIHBRHP Pbgﬁﬂqiﬁgylﬂp@tpm-zﬁza)@ébwécm%mbmt‘vbemnldettmlt hyl

ester (V)..B.e¥€ Ridod- 27 R OGE ' |}, I hyl, ester, (I1V,
Bxampl ¢ ST Do feicd 7 EEORBIRT R A0 YR i LR T OHINOR R g e
di r net hy|rbomrtempetetutel3 92Fhe raptiors wasictaentratéd to remmone THE a1l thy agueduy |
chl ori de g0.5125 vol,) . | ssol ved in di.chl gromet hane (0.625 vol) and the
resul ti nd W%%ﬁ“@cﬁcgzﬂ@?égs {QyremRye ReRY A@PRBHSa; heRguens phase was acidified

bi cycl o-[ . b 15, ' | | I t
bet ween 1(§Ht22 o%]ff;g) @?‘gflbl I%H?ér%ga ??rﬁ Wé%rgp@g%ﬁﬁaﬂ% gﬁmﬁﬁd”?‘n@ﬁeﬁ %o('?b\s{?‘%fi rred at
(i Chl o st hane) Tot harol 91 * VI Sual | 28t o B yneer oo acmoreten,

i chl grone e/ e nol :_9/1, visualization Bronocresol green). e
sol vent iyéel@%thg&ﬁ&e@%)educed pressure at 40 to 45, dichloronethane (S

L0 oo At Skt R A Ml AR
'acid 4-tert-butyl ester (1.89 mmol, 0.48 g) was reacted with 5,6-diamino-1,3-dipropyl-1H-
‘pyrimidinc-2,4-dione hydrochloride (1.89 mmol, 0.597 g) to give product (0.81 g, 93%). MS
(ES*): 463.14 (M+H)

Using the procedure described in Example 8, 5-(6-amino-2,4-dioxo-1,3-dipropyl-
1,2,3,4-tetrahydro-pyrimidin-5-ylcarbamoyl)-bicyelo[3.2. 1 Joctane-2-carboxylic acid tert-
butyl ester (1.75 mmol, 0.81 g) was converted to product (0.501 g, 70%).

A solution of 5-(2,6-dioxo-1,3-dipropyl-2,3,6,7-tetrahydro-1 H-purin-8-yl)-bicyclo-
[3.2.1]octane-2-carboxylic acid tert-butyl ester (1.13 mmol, 0.501 g). in CH,Cl; (5 ml) was
treated with TFA (5 ml). After stirring overnight at RT, the reaction was com.:entrated to
dryness. Reverse phase HPLC to provide separation of the equatorial (first band, 0.010 g)

and axial (second band, 0.010 g) acid isomers. HPLC (10% to 90% MeCN (0.1 %
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di chl oronet hane (5 vol), stirring for 5to 15 mn and re ! r
reduced pressure at 40 to 45. Acetonitrile(6.25 vol) is m%%zg?to gi ve

the titheoogmeeend in sol ution. 0 Exanpl e 83a PCT/US00/31058
4- (6- Ami no- 2, 4-di oxo- |, 3-di propyl -1, 2, 3, 4-tetrahydropyri m di n-5
yl car barmgyd )i 0y@. phRTRPARYMCar20-A/S SaODSxAM elaron,d 0detrhxl4.@stmerl. { Ml/miny 71
"12 MAY 2Qp-WO 01/ 3610 PCT/ US Ol_@il_(_)asl,Di am nodi propyl uracil hydrochl ori de
(VI, 1. % (eqpatogabrshabhaues Rnlastohi’brile ( 12.5 . vol), cooled to 0 to 5C
and triethylamne (2.46 vol) is added between 0 to 10C. The mixture is then
cooled to 0 to 5C. . A m xture of
4- chl or ocar bonyl bi cycl o[ ?. 2. 2J- oct aBeamipla3Boxyl i ¢ acid net hyl ester (V,
Exanple 82) in acetonitile is added to the di am nodipropyluracil mxture
bet ween B[3-(2,6:Ddoxorh3-diprenylas on/ tetrakydre- ti-pyriny M?%&@ﬁ@%‘s@yﬁhd
stirred for, 15 ta,20 hours by which time all of the
4chl or ocHPRMIVE Bf'gycl o[ 2. 2. 2] oct ane- 1-carboxylic acid nethyl ester (V) is
consu ;Ted f] TLGA sdégeRkion @mt[aam,elmﬁgm}mﬂagpr%&z,S;G,Btmﬂahzd!gildhp&imﬁgad}-esol
green). The reaction mxture is dilute it t 12 vo a
concent ricwdo-{hadiogtddit-aeryhs add medhy. Fst%?f%mﬁﬁd% (é’gg FH“‘Q‘Ob\);g |g5] 81 L0y ent
i's renoyv, . i : 1 6 vol)

B (SINT O ol 006251 REORA M ) vféihgymhgoﬁgeﬁé@d & 40%psk

and the gani'es are washed sequent| al ithcitric acid ( 10% 3
x 3.12 V&le}niéﬁty driecdmmpléted mattibn(ws filtered theough\Geliys, rinaingrwiggMe@Hol )

d sodi um bi car b 3.12 vl | 3 . '
o r | e dEeeraianGHR AL EBIRARORSY Bs3 8 195 =5 5 gily MS G hy ka1 ABEMERD' €
washed with e *Lt\égu%@%gé%{g-(g,eldim;),sm obﬂez,éssl,w&%hycﬁsn\}Tegmﬁgge,n)-biechd

pressure at 4 Ive the title” conpound. Ex_arrﬁﬂe 8
4- (6- Ani 302, Zjoét-liydeprofioBicchcis mpthyl estez (3436 manalahy e g) ipyYHF(Hl m)5¥as car banoy

D N
Exanpl e %%QOVQ -xr‘?@?Hfg)rhE %q@%o%fs‘ AR viad aBidAHdpHTES Ntk cbRc. HCIBndaPrOH

di met hyl formam de (0.014 '1) is added.. Concomtantl %ﬁoxal yl chl o[_i de (0.291
t) is di saphdded to homogérieityobe bringon was@nsentyated en thegotoxap PRl sglids Welyre i s

added to the 4-chl orocarbagnyl bi.cycl - car ' ' t hyl
cstor (VoesmanptEran) AfFLAn sl R e Rre AR GHl: SRR pPTRAE Y
at 15 t'oﬁ?tﬁag%oﬁ.oﬁns%d Rt Slittle\H,GindlthadedBvithlEt,Of Thésolids were dried on the filter to
4-chl orocarbonyl bi cycl o[ 2. 2. 2] oct ane- 1car boxyl i ¢ aci& Sh}/{ i‘be é%
Exanpl e p@yvideshe demtigawaodurt Qiiﬁsh?%‘ﬁ-om@t%%@@tmgﬁo P@q ] -\ﬁ ah- tion

wi th Brommc ' . 57h i d UETh 3urg, at
30 to 45i s Brarterrha ch At S ATy S 1§ S B,
removed ypders)rEBEaY 4911881 @5.01 (304040451 STAR ()5 be3® (s)s! bleibels) dd8-B¢

addi ng di chl oronmethane (2.83 1)) stirring for 5 to 15 mn and concentrating
in vacuo(®t.40 to 45C. Acetonitriile {3.54 1) is then added (mixture A. In
a separate flask) di am nodi propyluracil hydrochloride (VI, 0.772 kg) -72
WO 01/ 34610 ~ 2 Ir~AY 204 PCT/ US00/ 310s8 is suspended in acetonitrile (7.09
|.), cooled to O to 6C and triethyl &idamplg¢3} .40 |) is added between 0 to

10C (mi xt B). The mi is th t 5C. M Ais added

L Tt kS 2B ssBTs-0 6 Ploft 3diBrh a6 i byd G2 u-Rlrih R |2 29958

and sti rrbﬁ{}cfogi.z.tJIﬁodiM-f-thbdM}il]Chntdo%hehyla@éti6hsidaci d chloride is consumed
(0]

(TLC, dic ronmet hane/ met hanol”, 91 1; visualization wth rom)gre.sgb green).
The reaction rdsingthe proseduredessaibad inExample 8¢ S{2.6DipxodnrdiiaRe#e+8ad under

reduced pressuyre,.at 40 .t It s exit i dolds ,
acetate (& yg’.°21 'f)‘“gﬁaﬁ ?%2{:9818@?}] ?Iag‘rgga%a?%‘?’}é‘?é‘@%@eﬁgﬁ?e%(g?t’?té’wgl with
citric aqygholg)hA3YR)phendighytide hethyldistes hydrotislonide (0.064 mmol, 0.0132) wgre wat er (
1.77 1), saturated sodium bicarbonate (. 1.77 1) and saturated salin 1.77
1). The meactagrte preduge theditincomnenps L0134 & J8Faas a( BIEHE & *a%"Eme?e&So%’i mi n,
filtered, shed, W et hyl acetate (0.568 1) and the sol vent evaporated
under redgggdﬂsr’ \g’s\&uﬁ) at 40 to 45Cto give the title compound. . , Exanple
84a 4-(2,6-Di oco-1, 3-di propyl-2,3,6,7-tetraydro-1H

purin-8-yl ~bi cycl o[ 2. ?. 2Joct ane-1 carboxylic acid nethyl ester (VIII)

4- (6- Ami no- 2, 4-di oxo- 1, 3-di propyl -1, 2, 34#=t et rahydropyri m di n-5

yl car banoyl ) bi cycl o[ 2. 2. 2] oct ane- 1-carboxylic acid nmethyl ester (VII,
Exanple 83a, 1 wt) and isopropanol (4.76 vol).are mxed and stirred under

ni trogen. Potassium hydroxide (2M 4.76 vol) is added. The title conpound
is formed but not isolated. .Exanpl e 85a U : .

4- (2, 6-Di oxo-1, 3-di propyl -2, 3,6, 7-tetrahydro-1H  __
purls-8-yl}-bicyclo[2.2.2]octane-1 carboxylic acid (I~

4- (2, 6-D oxo-1, 3-di propyl -2, 3,6, 7-tetraydro- 1H

~ oy a L T T 1 e



WO 01/3610 12 MAY 2pQ~ PCT/ USO0I 31058 between 0 and 10C and acidified with
concentrated hvdrochloric acid (0.7:vol), maintaining the ignﬁﬁg ire bel ow
10C. The m xture is stirred at between 0 and 10C for GO to 90 m rMales. The
solid i swodlli3¢e0ed by filtration and dried under reduced RSiTE&HABE080 gi ve
the title conmpound. - Exanples 84b and 85b

4- (2, 6- Di oxo- }, [ PRYAS 2R 35 Letd. [03. 2 . -1H-

purin- 8-yl )-'b%‘cség:ﬂ)o?zﬁg Z] oct a@é-?[fc(gﬁ)g%gi 183 élé'ﬁlrcg)yé Y/]3fq’? t?%hy%c[oeblg F and G
4- ( 6- Ani friR § 44 ebioyale<3.3 fticraneytarbior Baninb pipheryy-deenic pyid midinester Y0.0az bar no
yl) bicyclo[ 2 2.2)oct -1-carboxylic acid nethyl _ester (V1) _Exanple 83b,
0. 760 kel PLber Bpmicr? i s teped vtk DNEORA0. 23D far 3t o TR vas 1 e

d it ' ' 2 . i tent
re heat STEE ot RRIAD Y FRYIK RIIGIE akiicls b1 o5 whh INHEGRRFexfgific® o, o'
m xt ur e JwihtE10AcalThewembined orgahick ovetdwhshed With YD, eriné Bndl8ridd (MgS@gded

fol |l owed_by toluene (O. QSiji agg the contents are stirred vigorously for 5
to 15 mi Riliration apdesvepgration gHewespureyerss phesetblds PyHiIGRIom PrYIdFetae desiteds 1)
is perfo t i Ado, l, i u i o]

bet ween 'E’%gg%f (?@éﬁgghsgaci iaf'fdggﬁ \?\/iﬁtf ﬁﬂg‘éﬁggﬁ fg{tpg‘ ?l%‘gcgﬁf}%ec a O?g%EO 562
1). The TFA)VEKLO (& % TFARYME 1B20tABeNODSaAM codinf,di00min Ri4rfmes 1. 8ml/min:
product is cqllected by filtration and dried under reduced pressure at 50
to 60C tRT.gT 683 titie conpound. Exanpl e 86a

8- (4- Hydr oxy ; A} shzedlid 235U = 3a./- di hydr opuri ne- 3, 6-
dione (X, St 2‘5&{6’31@‘\&%&%&& g)ﬂig_ 169?: I pérﬁé%?ﬁa{%llgéogﬁ)ﬂa{xg%rr ahydr o- 1H

puri n- 8- Bxample Spel GRS, 28.7IRp{[Sa(2e6-Dicar- h3sdypropyl 3,6, 7 tetghylira higtmridcyl)d wt )

and tetrghydrqof n (11 val re.mxed upder nitrogen.
Bor ane.t@?Yﬂﬂ&dﬁmﬁF&ﬁ&?&ﬁ’ﬁ%‘%@'aﬂnﬂ? YRR vol) is added at such a
rate as to maintain the internal tenperature between |0 to 20. The m xture

is stirred at 410 to 20 for 17 to 20 hours until all of the acid (X) is
consuned (TLC, dichl oronet hanel net h&Zxampledd4 | | visualizati on Wthen

4 |
pot assi u nganat e hanal .2 VOl ) . dded to the reaction, prior
to heati %5’-3{;33?3{-&%#@913-%3}%g—qfé%ﬁn%ﬁ&l!ﬂpg)l-ﬁeéeﬁ\ygﬁo-pgﬂgg ’%8'0[“8 bet ween 15
and 40 and th (M@ ethb desceitedih ERdhisied, AheGdNRY-Bicilod2.1 ocke-1The resi due
is partiti onegsglgtween et hyl a?:et ate (16.6 vg?%l%/ag?o%c Icoricc acid (1

M 2.5 vairboxyhig acide(KaeuseWisetiahlégbigsAnn Chem., 198 0O romeB 6085 8)

PCTI USOQ 31058 renpyVv. it.h undi ved .sol i terial .. . This mxture is
clarifi e‘da-%ﬁ?a"‘ffﬂé“nﬁ‘egg‘éﬁxa?’“%?Bé%’ﬁﬁ%%ﬁzgépmﬁ'.“F e4'$¥%f‘f’ F‘é@‘f’%’ﬂ%‘?e{ ed(aqueous
| ayer / s Opnbtbl /0. X325 Btol providdihi deslrad grbdidi €0.081 K 4argani ¢ phase. Satur at ed

sodi um hydr ogen. car bonat §2.,5 vol) is added and the |ayers separated,
retaining any%’é‘&%“\ﬂhpﬁd frebegy PR §sthydmxe-bigyelebisg 1 jpsiggrisol i d

m xture | L LW HIIN : Gy Bl QIR _Ont

T or s g B T e b B D eman
phases af0e2 menstod0.08 1 ) wasliconver(ed. 16 theodesired prodbety MS (ES™8 36epa (M. and any
residual solid is retained with the aqueous phase. The aqueous phase/solid
m xture is filtered and any organic in the nother liquors fromthe
filtration is conbined with the bul lExg]ﬁ%&'sc phase, dried with magnesi um
sul phate (0.5 w) for 5 to 15 mns, Tiltered, washed with ethyl acetate ( 1
vol) and3{#€2.6cDioaail . J-dippopxl-2ihiSrtetratiydeatl HrpodnBeyp2-o4@-bicycddd 2282 ]getve t he
title co und. .Exanpl.e 86b

8- (4- Hydt i‘yﬂ‘éﬁpﬁ%'?gﬁ?ym o[ 2. 2. 2j oct-1-yl)-1, 3-di propyl - 3, 7- di hydr opur i ne- 2
, 6-di one (X) ®impPmepnedivabromPieO}cd M B THP) 00)hD) 2vas cboléd teb P@land i 1H

pur i n-S-%/.I ) - bi Cé‘%}%}z' 2.2] octane-1 carboxylic acid) I X, Exanple 85b, 0.82
kg) and €ieasylas vapf 4.8-bihydroxy e ni xed under nitrogen and
borane. t et rahydrofuran conplex (1 M in THF (4.18 1) is added at such a
rate as to nmaintain the internal tenperature between 10 to 20. The reaction
mxture is stirred at 10 to 20 for 17 hours until all of the starting
material is consumed (TLC, dichl oronethane/ nmethanol, 911; visualization W
t hen pot assi um permanganate). Methanol (3.44 1) is added to the reaction

m xture) and the mxture is heated to reflux for 1-hr. The reaction is
cooled to between 15 and 40 and the solvent renpoved by reduced pressure at
40 to 45. The residue is partitioned be en ethyl acetate ( 13.61 |) and
hydrochloric acid ( 1 M 2.23 |) and th& aqgueous |ayer is renoved with any
undi ssol ved solid material. The mxture is clarified and the residual

organi ¢ phase fromthe filtration of the aqueous |ayer/solid mxture is
conbi ned with the bul k organic |ayer. Saturated sodi um hydrogen carbonate
(2.23 1) is added and the | ayers separated, retaining any solids with the
aqueous phase. The aqueous phase/solid mxture is filtered and the residual




pressure at 40 to 45 to give the title conpound. Exanple 87a

4- (2, 6-D oxo-1, 3-di propyl -2, 3,6, 7-tetrahydro-1

H puria-8-y1)-bicyclo(2.2.2Joctane-1 carbal dehyde (Xl) 12 MAY 2004

8- (4- Hydwaymeidiyl bi cycl o[ 2. ?. 2] oct - 1-yl ) -1, 3-di propyl - 3, Bc@iipels R4 | ne- 2,
6-di one (X, Exanple 86a, 1 w) and di nethyl sul phoxide (4 vol) are m xed
and stir ceatentreted unilenredimed preseurai RPunifieatios by ichronebgdraghyy H1onekZEHALS and

triethyl am 42 ) i dded. 1 Xt f | ph t i d i di
et g 42 tgl ke Al m X e of sulphur i o de by dine
nLernal e v bR s ANPGRS0l B od 950 it and

the reaction mxture is then stirre
conpl et e(bga)war added.f Therepactionsmixtyre staa stisreyuradee reflak foreY8eh.NjtRehsIRePERYled

o Bl R SR oA et s o
aci d ( 1dNbd #9a,80),) aril dnasiia! £l 1.966 L8R %%&#&%&Z}'ﬁl&rﬁ%g{a{fd

dit8
vigorously for 5 to 15 mns. 'I:heag(}ases gre separa ¥ gani ¢ phase
i s washed wi t Rhisymermesyiate 64.4Qe.dl 3 7 tnidl) was disdo)ved T 20 pi2FDMBOQngepar at ed

dth i i h i th hydrochloric.acid ( 1 M 10
Tol) TS LHRIREED |1 D) e ERSE I bt S e Sirgadod 60° Gifon2 sl § ne
(5 vol ), daysi drwas/then dilgreé With B 50 ki @itR cled wAth D AOITHR ot

] nd
filtered. -ﬁ]?ﬁ fi Ihe(é ake 1 s washed with ethyl acetate vg‘%m’ﬁe sol vent
i s renmovB@HsAIEH He n‘ﬁ’é‘& (PreeiQq) ad sencenfrated tosffard 3i60e dffbe sdetdtedexdvanivend.

Exampl e 214, 6. 92054 w3l - -tetrabydro-| H

pur irrg_ 8%%?‘:%?1@?0?13?2?%523%6%? %ﬁie)'?'?ﬁ)c%ﬁéﬁ%ag‘ﬁgﬁfi"f( X, ySt ep n

8- (4- Hydr oxynEhisyacetbie¢.60 @, 2.2 ridhol) twad diskdlvad ir4bi I GRVEOR: aqug)@f@wg ne-2
, 6 di one gé Exanple 8, 0.440 kg) and di nethyl sul phoxide (1. NWoare

m xed und ‘ﬁﬁﬁa‘ﬁg@ﬁ%aé‘t'}’?%w #‘gml of Hz0.1Thefeaetionmixture stas gtimed atrt fir D65 1)
is addedy ARy b OXA r i ne. conpl ex .5 k in

di net hyfjhg‘els %%Xﬁgcﬁg;%fn ??R?gétg%m%?%h?g% il 'cggye“i"?#%f"ﬁ‘gbq?’g%r ature
bel ow 30ad cpneentratas: Parificatiqrebachromaiograptly (&1 BIOAG/hEH) dfford@i] 209 driike

tion, g e S L {14 1 for 20 hours. Ethyl acetat
(5 501) T UE e i Bha by oe s et T Usoos 31088 aci d
(1M 440 | Thisrmieiblen20 o, 7. benedlyoistiiied i 20t b Gohcad ddchdflo
Yy |

2o
vigorous]y for 16_mns. The |l ayers are separated and the organic
washed t\)déGe Cff@aé%&aeﬂ}mb °§raﬁésol§hqnp 10 wf of11.AN HDSOAT(2q).oThiErEatibAY €T
n , (ag).oThge y

is th gk ' : ' ' |fate (0.223
o) rlor "ERTHE Nt d & 10EC 61T Thin b PR g TR B0 48 . o s bt o
(0. 440 uilutethweits l,0cantl ek sactodiwith BIOAcU THE CohBihed BfbaRicAgyess e wieli YiftD t©

give the,titl e, conpound. | e 88

cis/tr aﬁiﬂ-@?‘t‘&h{’% ?g‘!ﬁ%x%gﬁ,ﬁg&aiaﬂ%t The aqweops layer was abidifiedtopidilrwBhy | }

bi cycl o[cdne HAlagd ettrachddawith FtGARC! g;fggﬁxl i

4-(2,6-Di gxo- 1, 3- gi pr.opyl ftlébé@%@;[?eet a y&?’ge?}‘% dﬁé& h%azsog and concentrated

H pur i n-t82{fpyd $300pe ob e carbmxylic avid derivativial -siry)-dexabicycl{2.21D)ectiiead- 1 W ).

and tet rcwggﬁé%riﬁn (16.5 vol) are m xed under Nitrogen and

met hyl (tr1 phenyl phosphoranyli dene) acetate ( 1.85 wt) is added. The

reacti on m xtThismiateriabwaetedted with 5%6-diafmi L J gﬂnﬁa' ar Lired at

this tenperature unti E ft heest arti ng all dg?]yg’g dggrgbglgggp onsuﬁ%g’ggﬁh?‘ﬁ

det er ni {RGSARF MRRDCT £ keigredo pbtain thecopemendingamnthinesdedivative, 4, 3sdiprapyd8- of

lithium Lde s j t .5 vol) .is added. The m xture is

heat ed é%&?fzﬁaﬂ%ﬁﬁﬁg%%]%% éﬂ;'fi ?@-’é_}s 053“?%?})'839%%&“ t he hydrol ysis of

the ester is IcoBiprepy-&-tsvinyl-2+oxabicyclof2 Mfoctidyyl)-3-dihpdrel fudheld §Richet O 6

hours) . (I&? reﬁggl an glxture |%Fc0(§l ed to 3~ to 40 and the organic sol vent

r enoved T PEc 38 HImohWaS syspendedn & mlofidigxane and) 1y of 22+51 Ynenletion of Q50§ ar e

added 1 tn t-BeCHWEOMGIc0 Follgued BFY thIST HIOK | AREr 1 Pmit], 30RO} Shal addeltah%d O SO
p

15 mns. The phases are separated and the aqueous ase IS washe th
et hyl afeacHpRIXtULe Wes sfisre at tifer 3 & dovas themdiduted with 0 and extivetetiwitli at e i s

cool ed t - aed difJ.ed: =.1 with concentrat hydr.ochl ori c
e d( 0 E5gReG M oiicTey et vids Kieh ANBIS G andf L apbe BT 5 ariuthy Hichbing ' The
resultant slurry is filtered and the filter pad washed with water ( 1 vol).
The solid is dried in vacuo at 45 to 5% for 16 to 24 hours to gi ve the
title conpound. Exanples 89

3-[4-(2, 6-Di oxo-1, 3-di propyl -2,3,6, 7-tetra6ydro-1H
purin-8-yl)-bicyclo[2.2.2]oct-1-yl} acrylic acid (XIII, Steps J and K)

4- (2, 6-Di oxo-1, 3-di propyl -2, 3,6, 7-tetrahydro- 1 H '
purin-8-yl)-bicyclo[2.2.2)octane-1 carbal dehyde (Xl) Exanple 97b) 0.300 kg)
and tetrahydrofuran (4.95 1) are m xed under an atnosphere of nitrogen and

~ ™~



_T77_ 12 M-4Y 200 WO 011 34610 PCT/ USOO0I 31058 tenperature until the
starting al dehyde is consuned { 17 hours). The m xture is ﬁooled 35 to
40 and a m xture of sodi um hydroxide (0.132 kg) in water O Zdwﬁiﬂﬁﬁs added.
The mi xtWP 0/3p6&0heated to reflux and stirred until the hREIGVS34058f t he

ester is conplete (3 hours The reaction m xture is cooled to 35 to 40 and
t he or géWFH“%N\?e‘?T&zvﬁ'@r‘H\?é 3‘idFPrQ%)ét?oiQtH&ﬁa}i)@rQréﬁ'FE’c”r‘ily&.Vb)c%'Pé@‘e (3.001) and

wat er ( jel aqueous residue and the m xture is
vigorou3%9%gﬁ%%?ggmggf?gg%gpﬁgaaThe | ayers arc separated and the aqueous

| ayer is washgiis miatdmabivaydissobedddh & riPoXTRE @fd fethyT (teipheydshosphatyer i s
filtered, the filtrate is %§O|ed éo 8rto 5 and acidified to pH. =1 with
concent PRYBREIRGEAS EMOTNE.2 ¢ Wi eddesty oThe reaction mixtyre, vas stred a4tk fg 18th.0 1o 5
for 1 h & r btk Lt er i mashed with
wat er ( 839&3( 1?? f:‘iﬁ%‘e’éqggil% é&lieg aé)réisggmlfoh lélggﬁlg)fg?%@aﬁ }g)é téghgi{%@g%n ours to
the titImixarepassdredatatifor d O (The reaction was then extracted with EtOAc. The organic

3-[4-(2,6-Di oxo-.1,3-di_propyt-2,3,6, 7-tetrahydro-|H L
pur i n- 8Jgyef s died g%‘%@%%&@ﬂicwte&%m i-sdoa@s&f the acrylate derivative, 3-{4-

3-[4-(2,5x0X; . - | = e )9 e i 1oulle
puEi nf 8-(§’I-6&lg’i¥%}’(]:3l %ng.p gt %’;F)&'{ tetrdh{iré: 15 éf‘?*é“%ﬂ?é%%%%“fs%&&%ﬁ‘e‘ ¥ 1934
kg), tetacotigaentf uran ( 11.875 1)) water (0.62S 1) and activated charcoal

(i tores Tnatif Fe@ral S SHoNedin gl oo BHF Gha 30 0N 182 B0L B0fay i s
char ged wistaddeRhrd ddle belctioh BdthRMvds hhAegeRatdd Unddh)s03RMot m;rfci‘ri3| H.eTed

t et rahydrof uran/water nixture of the starting material. The flask is placed
under r serstion mixwse Waefikered fueughr pad of Galite arbihe fifthate wag gencentrated.

bl aced SARCARSEEY BHbAALIHPEETRE Lo CHI Bl R IARRARETMS TESD, o

is vigoke@sly stirred under an atnosphere of hydrogen at 20C for 3 hours.
The ruction vessel is evacuated and purged with nitrogen three tines. The
contents are filtered through celite (0.500 kg) and the filter cake washed
with tetrahydrofuran (2 x 0.500 1). The solvent is renoved under reduced
pressure at 40 to 45. Aqueous acetonitrile (50% 7.540 1) is added to the
residue and the slurry is aged at 15 to 25, with stirring, for 3 hours. The
slurry is cooled to between 0 and 5 and filtered. The filter cake is washed
w th aqueous acetonitrile (509 1.93 1)) transferred to drying trays and
dried at 50 to bO under reduced pressure for 24 hours to give the title
conpound. Exanple 91 78 | 2 MAY 20p4 WO 01/3.t610 PCT/ US00/ 31058

4- Hydr oxynet hyl bi cycl o(?. 2. 2Joct ano-1-carboxylic acid nethyl ester (XVI.
Step ~!') :l-methyl norpholine ( 15 m, 136 nmol) and iso-butyl
chloroformate ( 1 ~.0 m, 123 mml) are successively added to

bi cycl o[ 2. 2. 2] oct ane- 1, 4-di car boxylic acid nononethyl ester (1V) in DME
(165 m), cooled to -7C. After about 2 mnutes, the reaction mxture is
filtered and the solid is rinsed with DVE. The conbined filtrates are
transferred to a two liter round-bottoned flask and cooled to -~C. An
aqueous sol ution of sodi um borohydride (7.02 g, 185 mml), in 75 mM water

i s added over about 1 mnute (CAUTION: nassive evolution of gas). After 10
m nutes, the reaction mxture is diluted wwth water (100 m) and extracted
with ethyl acetate (3 x 250 ml ). The conbi ned organic | ayers are washed
with saline ( 1 SOmM x 3), dried over anhydrous sodium sul fate and
concentrated to give the title conmpound. Exanple 92

4- Hyd~oxynet hyl bi cycl o[ 2. 2. 2Joct ane- 1-carboxylic acid (XYIl, Step N

Li t hi um hydroxide (2 N) 2SO0 ml) is added to a m xture of 4-hydroxynet hyl

bi cycl o[ 2. 2. 2) oct ane-1-carboxylic acid nethyl ester (XVI, Exanple 91 ) in a
m xture of THF (50 ml) and rriethanol (75 m). The resulting reaction

m xture is stirred at 20-25 for 16 hr, and then concentrated. The residue
is diluted with water (30 m) and washed with nmet hyl ene chloride (100 m)
and ethyl acetate (100 ml). The aqueous layer is acidified with
concentrated hydrochloric acid pH about 0 and extracted with ethyl acetate
(3 x 250 m). The ethyl acetate |ayerscare conbined and washed wth saline
(3 x 50 mM), dried over anhydrous sodfa ' sul fate and concentrated to give
the title conmpound) NWR (400 MHz) CDC13) b 3.09) 1.72 and 1.29. Exanple 93
4- Hydr oxyt net hyl bi cycl o[ 2. 2. 2) oct ane- 1- carboxylic acid benzyl ester (XVIII
Step O 4-Hydroxynet hyl bi cycl o[ 2. 2.2] oct ane- 1-carboxylic acid (XVII,
Exanple 14, 24.8 g 135 mmol) is dissolved in DMF (950 m ). Anhydrous

pot assi um carbonate (25 g) 181 nmmol) is added to the solution slowy.
Benzyl bromde (22 g, 12.94 nmmol) is then added. The reaction mxture is

. ~~ 5 o AP, . .1 o



and concentrated to give an oil, which was dissolved in ethyl

acet ate/ hexane t5/1) 500 m). -79 WO O1/3610 12 MAY 200 PCT/ USO0Q/ 31058
The mixture is washed with saline( 2 x 200 n)) dried over 1aﬂ1|MMrZBﬂﬁs sodi um
sul fate and concentrated to gl ve the title conpound, N1~ ;U | v] Hz,
CDC13) VQOy861L | 1 3. 28 1.84 and 1.41. Exanple 94 berhitonstoss

4- For nyl bi cycl o[ 2. 2. Z] oct ane- 1-car boxylic acid benzyl ester (XIX, Step P)
Oxalyl chloride (COCl)z (16.5 m, 188 nmol) in nethylene chloride (150 m)
is cooled to -63. DVMSO {18 m, 362 %Ii ji t hen added dropwi se. The
resulting mxture is stirred for 3 and then a m xture of

4-hydr Oﬁy(g%bWﬁlpﬂﬂm{oﬁylzzékoﬁie@m?&F@lH%Wlh-fs-ﬁy-hdamﬂﬁﬂe-f-‘éﬁﬁfox@iw 1)
Exanpl e 9 g, hyl ene chl ori de ( m) is added over
15 m nutaesu-Nmmmamt benzyBomidenut es) triethyl ethylamine (70 ni, 502 mol )

in methyl ene e (30 ad e m, nut e Ex tlon
extrenely exé? Sm aqgerﬁﬁlf’r&hg V\%‘é‘ﬂ ‘?‘ﬁ’émfeld @Pe‘gﬁ?ﬁhvér’ﬁ?“‘gqﬂ @R DIS/E) i
tri et hylapimef dry e was addee CHPADEPihdhE rekie wab Siiukeh ioveiigHt ONexp @by e 45
m nutes and the cooling bath is renoved and allowed to warm up to 20-25.

Wat er ( Besimivps ﬁberadééﬂwmdt‘ﬁﬁl BG4 00 mhendidsedepar ated, dried over

anhydr ous SOdI um suI fate and concentrated to give the tit I e conpound, NWVR

(400 Mz, %sé%z%ﬁonglf’lﬁ ol)jfroE%F ?gfj%']ai 4atcw 1t differe

ci sl trans-4- oxy ar Vi ny oct ane- 1 oxyFrc aci d

benzyl Ql$dnerhcs( . Xs nfheEpS ) iVEHF/(256) |F|rmlnelny bmmp,rmmybmdmebemmm

60. 2 173 dded . d sql yti.
-1 onny 5S¢ ofvaershBHiGE PARraizht B P e washelov LFELE 92 8- MSSE. Exarpl o
94, 38. § ?s;ﬁﬁ%ﬁzmg?iﬁzs &) MEoHR3R25 M) anhdrfedM Xture is then heated to

gently ref for The reaction mxture is cooled to 20-25 and to
this is added saturated amoni um chl ori de é75 m) and stirred for

m nutes. Et hyitem3ehdamantangel , hidicarhonylicanie (S &) avesaken(isSMHI(30 Hﬂ)sDé@ded and

stirred r 1&L ug of
i1 ca Lo poyd Bt in fifed P thl TRO rgtiind ool dde s el bl Yeb Pt o
washed wtepl, El'hélydsuﬁwﬁﬁmd’@)eﬁﬁght( Néxt/dhy tﬁéﬁsm»i'as filbged, iwdshed ethDMF

conbi ned and conce rat ed to ve the title corrpound) NVR (400 MHz) CDC13)
8 7.24) (¥X@ymls Céb 25(3?525 mj) B‘%Pl'!r(%ﬁ?SdﬁH agd gged.. 12 | ~i AY Zpp# WO

01/ 3a610 Exanpl e 96 PCT/ US00/ 31058

Step 4: 1,3 dipropyl-5,6-diaminouracil. HCI was coupled to the resin from step 3

using PyBOP, N-methyl morpholine in DMF overnight. The resin was washed with DMF
(3X25 ml), CH,Cl; (3X25 ml) MeOH (3X25 ml) and dried.

Step 5: To the resin from step 4 was added 2m! of KOH solution (7.5 g of KOH in
200m] of water: MeOH: THF 10:90:100, 10 eq) and. heated at 60°C overnight. Next day,
after cooling to rt, he resin was washed with MeOH (3X2ml), THF (3X2ml), CH,Cl;
(3X2ml) and dried. The resin was cleaved using 1:1 TFA: CH,Cl; (2ml) for 1hr. The resin
was filtered and washed with CH,Cl;. Combined solvent was removed by Speed Vac. The
residue was dissolved in CH3;CN:water 1:1 (2ml) and lyophilized. Products were
characterized by LCMS. Mass (ES* 533).
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4-{2-ivl et hoxycar bonyl et hyl ) bi cyci o( 2. 2. 2) oct ane- 1-carboxylic acid (Y.~C,
Step R) 4-(2-Met hoxycar bony-vinyl)-bicycl o[ 2. 2. 2] oct ane- 1-car boxylic acid
benzyl ester (XX, Exanple 95, 35 g, 106.6 nmol) is dissol v iMAY 2084, |

al cohol / wat er |1, 300 M) and is placed in a Porter pre ile.
Pal | adi u\\&n%o%“éé on ( 10% 5 g) is added and the m xture ?‘:i'}ﬁgoc?%g Bnat ed

(65 psi) for 48 hr. The reaction m'éture is filtered through a pad of
celite and the conbined filtrates ntrated to give the title

57 5. ( 4 iR inten S ibrobtta, g st alarc Miyrin - daffadtiled. o ALY 7

(XX, Secqp3-amivoaiethyleienayladsdé 794 ng) 6.25 mmol) in nethyl ene chloride
(5m) plus a drop of DVF is slow y added m xt ur e of ) )

4- (2- met hoxych?lhBYﬁ?e‘thﬁf’mcFa‘i"Gyfﬁqm) Jamp %ﬁtcgaﬁ@ri%@@wwmamemswq in
Exanpl e ,al. , ﬂgrﬁ) in nmethylene chloride (20 m). The reaction
n‘ixturesl?e %‘#?sge(ﬁor 2 hr and concentrated to give the title conpound)
NVR (400 MHz, CDC13) 8 3.66, 2.29, 1.95, 1.54 and 1.46. Exanple 98
3-[4-(b- Am no- 2, 4-di oxo-1, 3-di propyl -1, 2, 3, 4-tetraydropyri m di n- 5yl car banoy
| ) bi cycl o[ 2. 2. 2j oct-1-yl ] propionic é&&%‘.ﬁ@hyl ester (XXIlIl, Step T) To a
suspensip ehigxdi1 3-apropyle, BeJLetraRyirdi BSdri ' ? ie2: 5
o) e RIPLA L AP AED Se Rl RV A SIP RO B e e Bofhic)
mol ) slavid (3-amind-propylramide bath and to this ias added a mi xtue of

O 1) Exanpliotowe B pScsii mmiainte $h) PaRiicpritans o oshin S0 dr
period _Q\f{askg(ES*MITIE)S- The reaction is then war med to 20-25 and the stirring
is continued for another 16 hrs. Water (2 m) is added to the reaction

m xture which is then concentrated. The concentrate is dissolved in ethyl

acetate (20 m) and is washed with %&%ig.ﬁcid (5% citric acid, 2 x 10 m),

saline ( 10 nm), . dried over anhydro sul fate and concentrated to
gi ve t hg.{2,6-Dioxwd3edipropy W, 6 7Qetrihidrd-DH pyris-8/ylf Ad arhad@he-3 -cakboxy i)
2.21, 1.88, 1. 673)Z 1.,62% 1.’?2, .1.46, 0.99 and 0.92. Exanple 99 -81 12
11 AY 20@¢id{3ria-(3aming-Bropyl)-pinsrazinnloyll-prapy}-amide r ahydr o- 1H

purin-8-vl) bigihmRld2ihe- = FEQRIAM Gga8L _gt;%_ :.H%,j_ g V)1 Skep V)
See Exanpl e 1%%; 3[3%3%'1)%{%%817‘1)%%@% gg'y?-[g,(& , ?t@é}gﬁgﬁ%%#ﬁl ?Efl n-8
yl ) bi cy progylarping]was used yi §tep 3Massi (CESicfP)net hyl ester (XXIV) is produced in
sire and converted to the free acid in Exanple 100 as pan of a one pot
procedure. Exanple 100 3-[4-(2, 6-D oxo-1, 3-di propyl -2, 3,6, 7-tetrahydro-1H
purin-8-yl)-bicyclo[2.2.2Joct-1 yl] E&Qﬂgw}im acid (XI1V, Step V)

3-[4-(6-Am no- 2, 4-di oxo- 1, 3-di propyl-T,7,3,4-tetraydropyrimdin-6

yl car barinmq-ﬂlwtlér@pmmldefi,ﬁ,ﬂﬂyfrpby@m-bﬂrmxra@-iwl{redwan@@pdrcqumliq

Exanpl e . { i 0 2-propanol ( 15 m) and

pot assi &%@%‘%g??e&f%ﬁ@ﬁﬁl 1#%‘yg)§cygi&§§g’.l'm$&'e'h€esul ting mxture is heated

to slightly rRdllowedrthe peocedurefeam Bxathpld186 4,4’-Methydehebis(30loBexylaminié) afas ( 16

m) is added and t%%ﬁur@is washed with nmethylene chloride (3 x 15 m).

The aqudtst’in sigR?- i #98d to pH about 2 with concentrated hydrochl oric

acid. The precipitate is collected by filtration and dried in a vacuum oven

for 16 hr to give the title conpound, HPLC anal ysis showed the purity was >

96% Exanpl e 101 cis/trans-1-(2-1 odfxample)dlcycl ohexane- 1, 4-di carboxylic

aci d di St el (X kxt ure. of . .

ol 51 tr aneC DISREE- RO LB e 1Hopupinc agrmentsnedd-eacherviln

ester (|dcicﬁgdaﬁﬁhﬁ:-2§hlol§’ax§rl)£amide 2.12 g), sodiumiodide (8.88 mml, 1.33 Q)
20 m

and ' UHF ( are stirred and refluxed 6 hr. The m xture is cooled to -
20- 25, di | ut &tp! the reogedure SromExamplg 3aShelehoxans- lvrdiaminowss ysed in StepThe
conbi ne m@g€t§+\/ﬁq?es are extracted with hexanes ( 1 x 25 m). The
conbi ned organic extfacts are washed with water (26 ml) to which has been
added a few drops of saturated NazS~0a solution and saline (1 x 25 m) and
dried over magnesium sulfate. Suction filtration and concentrati on under
reduced pressure gives the title conmpound, CVR (CDClI~) 8 1.99) 25.71 )
25.80, 33.09) 42.00) 44.03) 46.09, 52.19, 52.7) 67.72) 175.25 and 175. 64.
Exanpl e 102 Bicycio[ 2. 2. 2] oct ane-1, 4-di carboxylic acid dinmethyl ester (I11)
_02_ -52-




WO 01/3610 12 MAY 2004 rcT~usooi 31a~8 To a m xture of
cis/trans-1-(2-iodoethyl)-cycl ohexane-1, 4-di carboxylic aci qdpimt?yﬂ ester
(X."CV) Example 101 ) 2.1=1 g, 6.04 nmol) in THF (?0 m) an MJ (2.9 m,
2:1.16 rWOI0L/3#60added at -78 a solution of LDA (from|.0FPGHUS00/31058
diisoproylamne and 4.16 ml 1.6 Mn-butyllithium in THF (9 m). The
reaction is stirred with gradual waEgarmigle4@ 30-?~. Hydrochloric acid (3N)
20 nl) is added and briskly stirred 10 mn. The THE_ is renoved under

r educ ed 8¢l3e(Pipgrazined -carbopkhadamagtanydadla b, 3rdiprapyk3i7sdibydrexpurin e, 6-h
hexanes (2 x 20 m ). The conbined organic extracts are washed with
hydrochld M€ acid (3N, 2 x 20 M), water ( 1 x 10 m ), saturated sodi um

bi carbonat e (F31swka thé prosédhre b Exdmple 36.1Pipeiazinanas diddeitt stepe2. Mag@ESUM
sulfate. Suction'filtration and concentration under reduced pressure gives
the titK83konpound, NMR (CDC13) S 1.78 and 3.6; CMR (CDC13) b 27.99) 39.98)
53.12 and 177.62. Exanple 103

4- (Hyti roxymet hyl - bi cycl o(2.2. 2] oct-1-yl)-1, 3-di propyl -2, 6- puri ne-di one
(XXVI, Steps Y and 2) Example 43

4- (6- Am no- 2, 4-di 0x0:.1, 3-dipropyl -1, 2. 3, 4-tetra ro-pyrimdin-5-yl car banoy
1) bi cyd@jeeDioxer Lérdipgn ?'éa?pggﬁfﬂr?vdd'erH*TPEFW%BQ"@%('\WWIE%& icg3,

0. 500 g)a i'ds Iﬂi%sol ved in THF ( 10 m) and placed under nitrogen. At 25C,
lithi um®§0ro ydride (0.052 g) is added and the m xture is stirred at reflex
for 2 hours. Foblilewsdthe ptocegure e dikampde 36 rStepudedRipkgesinrveas dsedtihstead ofle
product is adde ot assi hydroxide ( 1 M 3.57 nl) and isopropanoi (4
m). Thé”aﬁ‘gif%?'g‘d% oﬂsﬁrﬁ‘ to reflex for 1 hour to give the title
conpound. Exanple 104 3-14-(2, 6-Di oxo-1I, 3-di propyl-2,3,6,7-tetra6ydro-|H
purin-8-yl)-bicyclo[2.2.2]oct-1-y1J acrylic acid (XIl, Steps AA and BB)

4- (2, 6-Di oxo-1,.3-di propyl -2, 3, 6, 7- t Examplgdfo- 1H- puri n- 8-yl ) - bi cycl 0[ 2. 2. 2) 0

e SRS Sy SRP bl oy g

pi peridige®d (1 drop). The m xture is heated to 100 for 16 hours. Four
addi tional equivalents of npalonic acid are added _and heating, conti nued for

another 16 h etrical anhydrdeprenased Gpmadamagiaae gkéa@%’poxyéwacw_eu&i%mﬁme
ST (2 DMEG e e B cip ¥l Bbigydiiburec L Tré dodik] sl udlizediing,

2) oct - 1 0N an ispprapancl/watet. Madss E'ed41PXXVI 11, X |, Steps CC and DD).
cis/traps-3-[4-(2,6-D oxo-1, 3-di propyl -2, 3,6, 7-tetrahydro-1H purin-8-yl)

bi cyclo[2.2.2]oct-1-yl]acrylic acid ethyl ester (XII) is obtained by an

al dol reaction between al dehyde (Xl Exﬂpﬁqlgi val ent) and ethyl acetate (4.7

equi valents) in the E}r’esence of a strong base such as sodi um et hoxide (1.2
equi val Sr3sHydroxymsthyligsipmantasnedirl Sodipropyi37-dibydro-purine-2,6-dione

4- (2, 6-di oxo = di : df Q- h{1- 8-yl
bi f:ycl o[ I2 )2( ﬁ%‘@ﬁ?%ﬁpﬁéﬁﬁggﬁyﬂ?ﬂ%@s#@% (IlaPof 7 )
8-{4- hydr oxynet hyl bi cycl o[ 2. 2. 2] oct-1-yl)-1, 3-di propyl -3, 7

di hydr opuri ne- 2, 6-di one (X, Exanple 86% : n _pyridine at 0 i s added
met hanesul fonyl chloride ( 1.2 equi in pyridine. The mxture is

stirred sl pigio-1,3cAPRIpRA-2, 367 8¢ ah dro-1 H-purin-8-yl)-bicyclo[3.3.1jnonane-1-
carboxylic acid
Bicyclo[3.3.1]nonane-1,5-dicarboxylic acid monomethyl ester (900 mg) was taken in
CH,Cl; (25 ml), oxalyl chloride (417 sl) and 2 drops of DMF were added and stirred at rt for
2hrs. After two hrs, solvent was removed by rotavap. The reéidue was taken up in 20 ml of
CH,Cl,. Diamino uracil. HCI (1.25 g), and diisopropylethyl amine(1.7 ml) were added and
stirred at rt overnight. Next day, the reaction mixture was diluted with water, extracted with

CH.Cl;, washed with brine, dried over Na;SO,, and concentrated. The crude product was
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is achi eved and then the sol vent renoved under reduced pressure. Exanple
107 Y

2-[4-(2, 6-Di oxo-1, 3-di propyl -2, 3,6, 7-tetrahydro- 1H puri n- 8- %/ kys‘b?%ycto[Z 2.
2] oct - 1 wion@idayioj - mal oni ¢ acid di methyl ester (XLI) Methawesusdomipsg aci d
4- (2, 6-di oxo-1, 3-di propyi -2, 3,6, 7-tetrahydro- 1H pu' nn-8-yl)

bi cycl of oCli l~.es L I 06). is reacted with the
ani on of' %fﬁnrrg{ H%ﬂpr‘g?ﬁ#élﬁé‘gyé? g’r ﬁr@@ ”I’I)(o%th@H) e(g%ql "6%? Bfas 12ddgei apgl eaftuxed

di met hyloverligrtaNexvddynafier 6o} | W base
in THF) at 2%“ |ve))2a the tit e\&gos?}pntgﬁtndgs ?ExﬂgHvHﬁ&TbKJngg'vgﬁ cﬂfutéd Mth%vat

3-[ 4- (z asxdn'mwmh maic‘;jrbmupxtztc:fpmczlwu ﬁhtrydhand firied. Yield 900 mg. Mass (ES*

H puri n4% yl) bi cycl o(2.2.2joct-1-ylj propionic acid nethyl ester (
Fydroly5|é of 2-[4-(2,6-dioxo-1, 3-dipropyl-2,3,6,7-tetrahydro-1
H-purin-8-yl) bicyclo(2.2.2]oct-1-yl methyl] rral oni c acid dinethyl ester
(XLlI, Exanple 107) with hydroxide at elevated tenperature gives the title
conpound. Exanpl e 109 Bi cycl 0(2 2. 2Expmpied7 1, 4- di carboxylic acid di met hyl

ester z 34 uf.e_of

is/traps-1 or oet cyc¢ 8 =1, 0 i met hyl

o 51t r ageygremenichicydufa i Taon 3T diBethyt apimro-purines

ester (I12,6-dié®e mol, 3.00 g), sodiumiodide (8.39 mmol, 1.26 g) 4nd THF (20
m) are stlrre&;pa d re&g&ejd 6 hr. The mixture is cooled to 20- 2~, TVIU
(30a2 mol *9x°r Ry le2ndi647Hetralydrarl H-puoiat &l thicycle(G. 3. Nnotdre- bol d

m 106 SRR (M) B el B THE @5 vy B vl QR € v ol e e ™

gr adual smacdnang't toorexiﬁthSchtI-I;labr aich keatiien &eis dqueRted?Owith) Mie® RIS Jerd N as
briskly stir i s renoved under reduced pressure and the

resul ti Ag™ Y:ﬁﬁ1 u'éo?arvé‘gﬁaﬁ‘éte&é” Y e AN Fxipetad Mathatd acetate, pshrd) witivater,
corbi negrig andeveXK {S‘Oiné‘%@né@!ﬁ d (3N, 2 x 20
m), wat gr , saturatggggoﬂb@%dgﬁggqﬁ%ﬁgF @ 10 M) and
saline (1 x 10 rrI) and dried over magnesium sul fate. Suction filtration and
concentration under reduced pr essurﬁ ﬂi éesgthe title conpound. Exanple 110
Bi cyc~o[ 2. 2. 2Joct ane- 1, 4-di car boxyl di msa;hyl ester (I li, Step T'I~
To a st B+ {5ei2-Dimethytamito-ethyaaiih OPmetrA|icyd6}3

(anhydr ous)?qé?OO rﬂ%lzg_ool ed to -B%mum?]r ni tr[ogeg]‘nlmsI agcimc}y %}d} Tﬁﬁthl um
(2.5 M@ Rgin ne550 mol ) byasyrlnge The misture is stirred

for 30 &) H tire ,
m(;lr) |sma3d2§ B ??;Iri nge agﬁw ﬁg&[lg[g ? yﬁéﬁﬁ?}pmpy] 347 Sﬂxu' 2 ents,
CVC'Ohepmuﬁtwedﬁ%mpmza@ﬂmmmaseﬂnmsrb)wrmﬂdrﬁosmm patd 100 i

i s-adde S e.Ssubse nt The mxture |s stlrredfor an

addi t i oﬁ:‘aﬁ ﬂﬂnfﬁéﬁﬁ %%ﬂléh" c5e Tﬁ%ﬁ&"ég?ﬁ?ﬂ'@éf’ﬁ&ﬂe P(dﬂtlglaﬁpmoggtpfrﬁqu 80added
and the W4k @dddedan g P I this
rermved(?r% stirring i gmgéodnct“lyeﬁﬁgﬁp mr}e&ﬂght,q,ge reac Iﬂé‘%dn‘ﬁnﬁ‘ﬁ aq:cg ool ed
back t o(L0Pgnhgad &’aﬁh%‘t"aﬂéme(HWAtc(,memnﬂ dtiedpveNazS 0. lAfteTIcEn&ﬁ&aﬁéﬁ is

nexane, 50 aabap et Y38 B SR LER shisou alitieBliots . Sbe muol) in THE

(anhydrous, 700 nl)) is transferred into the reaction mxture at -78. The

reaction m'x ure is ébrred at,_-78 for 1.33 hr followed by renoval of the
cool i ng bath Eﬁ?oz 234 Pinxart,36inrepyieg.3.6:7-tstrahysro- 1ilpurin-8tyl)-e i s quenched

with sa 2480 C at e nder

r educedwé?égg?j}r gﬁgtﬁﬁi:gl tor e%?&ﬂq%eﬁﬁ ﬁé’gqﬁgﬂ? gﬁgmb ‘%th wat er

(800 nm ¢ mm,dmaméwmg),ma(@mm (190m®HO2 drdps.of Hvetic abid werd agdéd ad S are
dried over sodiumsulfate, Using a bath

mashed | i ne.
t enper al HT% 33 éllg‘ogﬁ’f%ﬁf'& IeagHon MIXNTAWAS dilgted svith ethyl acetate.oxashed ¢ o
give a WE'SWNNWQJ, Ibeifik BhEdHed S¥er MO Mrhe s&%ﬁ%(r'égmo?%a SFI?crr%-Qg@qE gfor -85

12 MAY 2004 0.5 hr. The resultin sus ension is coole 0 r and
filter eEfefsé‘“'dlmé CPude Produckwasy tive HPLC. MasaESE @8 0l ogy One
hundred ei ghty-four xanthine derlvatlves wer e prepared) having the
structures indicated in FIG 2. For sone of these conpounds, the K, val ues
for rat and human adenosine A i receptors and for human aderi osi ne Az,
receptors were determ ned according to-the follow ng bindi ng assay
protocol. The ratio Az,/A, was al so cahcul ated. Materials Adenosine

deam nase and HEPES were purchased from Sigma (St. Louis, M.




Haml's F-12 cell culture nediumand fetal bovine serumwere purchased from
A BCO Life Technol ogi es (Gaithersburg, MD). Antibiotic Gﬂ# MF@‘:on 150 mM
culture plates and . Costar,|2-well culture plates were S from

Fi sher @RDo1/34600 gh, PA). [3H] CPX was purchased from DJPOE{:TNéW/Eﬁéﬁ and

Nucl ear Research Products (Boston, MA). Penicillin/streptonycin antibiotic
m xture was purchased from Medi at ecp Bpngton, DC). The conposition of
HEPES- buf f ered Hank's sol uti on was: NaCl, 5.0 mMMCl) 1.5 mM Cad z)

0. 41 mMVi3NBEQR:6-Dioxt01,34diplenfiiRaB,6,D-tetdalipdr sHiBPParin 8-A)-bitydto{8 3dryn-drel]5 MMV
HEPES (pH 7.4) . Menbrane preparation Rat Al Receptor: Menbranes were

pr epar edcrylisacid: cerebral cortex isolated fromfreshl y eut hani zed rats.

Ti ssues wer e NApaRmZed.4; 3 8.7 SOVHEREALS-3H- I5F |- 4)
suppl enent ed ShV\S fﬁmé%(’tzg’gsdelﬁﬁoﬁﬂ %lg’t%r g(r?%r~t gﬁ% be%gaﬂr’{%c‘d@?g?q%%ﬂgl\/ll PNVBF,
and 2 pgarbaldehgde (¥55apgpwas taken peJEiFa2s mBbndriphemd{id Drghospirmhytiderte)aketired at

20, 000 f 0 mpnp. Pell ded d ith
bu for 1A metYh R lgme) Wi HEE Bt e SV gh, BT gy doatier AP e P
Fi nal pe[‘rir@Eﬁyl\f@DepﬁcﬂﬁHﬁﬂﬁB&?é}taEé’ticbéﬂcff ﬁemvﬁés_t&wg LB bkt refiukBd 3404 WkV)

sucrose a protease Inhi'bitors) and frozén in aliquots at 80C. Protein
concent Cooleshto Rr &1@BaQiPeuiglisvarg Gon),pvieOl (5 o) wer« addgdrand stired luman A,

Recept or: Human adenosi ne receptor was _obt aj.ned, hy. .RTP

Subol on@eTHE. SRS VR rffofed SRhe) reaRReR, PR HHEGY ety |
was per feefra@ed et @thyl RektneTAN2BEM L uﬁuéﬁsB@@rBRhé acidifiedoithi EN \METEand
selected in 1 ng/m G418é and screened usi 88’ radi ol i gand bi ndi ng assays.
For mentskiaeedmathagthyli ssaaie 33§60 mhodnigdyovep dle.S4@ G&E‘/%Gim@@r/\(ys%@%“m%
CHO K1 %QﬁEg*Qﬂ ng as nonol ayers in conplete nedia (F12+10%-CS+l m-/ m
G=t13) were ‘washed in PBS and harvested in buffer A supplenented with
protease inhibitors. Cells were honogeni zed) centrifuged, and washed tw ce
with buffer HE as described above. [Einal Sllets were stored in aliquots at
-SCC. Radi ol i gand bi ndi ng assays M (SOpg nenbrane protein for rat
Al ARs) angk_ : £hiCa; )| I i X , Lal_Lgands
and var ;Elq %géc’%%ég]ofr’at i'ﬁ"ﬁ%@%éﬁ%ﬁwgﬁgéﬂﬁ g‘lﬁ#\cu a’taéfo]ﬂimrllgi ¥
triplicgirepionic &id nl buffer HE plus 2 units/m adenosi ne deaninase for 2.5

h at 21 C i 0|4 d CP. Ci/ mmol. .from NEN), .fi

concentrati cl??’.q H} Hn%ﬁ?‘eﬁg ﬁg’!'scgg"@@ﬁ’é%%‘gﬁéxdéﬁ 1 E@%‘Hﬁ%"@’é‘%‘&ﬁg@é -hnopgls.
Nonspeciy|f-adryld aeidnd 50afigywas hyedgeiutdd i thegsrestace of 100 PMEBED THE:MBOHI ng
assays were term nated by filtration over Whatman GFIC glass f ber filters

usi ng a (BraNSmD @60 prirdyesight. Catalyse was filiceed thieueh eolite and ithe solvertwas 4
. _ | ' . " X . R 1 t
£ anst ortoSerRtel! Snd W pilitich o A9atz Bl eeheP ik 0F el fasPREEET 43657

(Fi sher)was added. Radioactivity was counted in a Wallac ~i-counter.
Anal ysi s of binding data For K~ Det Erm’ ations: Conpetition binding data
were fit to a single-site binding plotted using Prizm G aphPad.

Cheng- PraJs0d Disky 8 3L dipréf l-a,j,@dé&tﬁ*dJo!fm—ﬁwﬁ:-s—?%-maméﬁmwﬁsg]K; val ues
fromlCso values, where K, is the aftinity constant for the conpeting
| i gand) Kdnjang2-¢arboxyliccaaidr ati on of the free radioligand, and Kp is the

1 gand) . Ion | s padio !gan e "
Soenysy ot a SERA: 1 ADIRHy L AR b by La B B AL WMo | f¥s Rk M9
conpet | r\gasqakmnmg}l' TERJ(ﬂlotxﬂt) ai 7‘?8_200?_3(15{)@88‘ in% leldh Ihgxain'cb ]iCWai addddcslowly. |

CcO etin CcO ouna; tota ecitic plndin . esu (0] the co oundas
teg? ed e rs%@a mléfwsa\,mrkc,ds 53#5&@%&5& .@%ﬁﬁhg‘%@ﬂmctmne 28 k:

val ues : n K- e d
46930 nERTE Uipscly TE SRR Afy TP g o ihe gl miRe bR e Eoror 30
gr eat er minaslo0y warmed tprre andestirtddafor 3 Gys. Thelrenotien puixdatecwas quencliedOvithsat| east

VRY 2004HAFh BEreAROE AT Afolret e SR Sh). COmUERlqrEseae Tayer was Sashedwith -

IN HC], water, and brine. Dried over anhydrous Na;SO4 and concentrated. The crude
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a lrxanple 111. Cell Culture CHO cells stably expressing the reconbi nant
human A, AdoR (CHO A, AdoR cells) were prepared as descri bgzg MAY 2004
(Kol |l i as-Barker et al.) J. Pharma. Exp. Ther. 281 (2), 761 199%’ﬂ and

cul t uredwW@IBHIOCHO Wi d cells. CHO cells were cul tured RET/H8MSIES8er s on
plastic dishes in Ham s F-12 medi um suppl emented with 10% fetal bovine
serum | wodustpeasipsrified an @ligagoluom, plytedtwipetbyhasetats:kexand (i iMasdES®

at nosphfg%qe‘ of 5% COz/95% air at 37C. The density of [3H CPX binding sites
in CHO Ps was 26 2 {n=4) frol/mg protein. Cells were subcultured tw ce
weekly after 2% 308 (Hyd#sxy8yclodehe Ry - 1i, Syl Bdihbatd-6&rtderks fered
Hank's sol uti gﬁb Thrr:(ge :{:Ii ff}g?{a_nt cl ongglo?d%yg*ggll?gg Fg“ﬁgﬁfﬂ% for
exper i me(188 mgafeprmptep 1) wasitaken inedry MeOH i(F5md) atirt Katdwinl morfioyxdde twas babbletir ee

cl ones. The Si tix.. Of d@Rs., i.n, t hese I s 4000- 8Q0 |/

pr ot ei n){gé%"ggg{’]ee§°r¥1étrl\cé"d yﬁ\a@gg‘?/ f@owéﬁyﬁ 3 E’edgia‘flg)cwﬁli"rﬁgﬁg.&%”&? gBP'gl&ﬂd
Bi ndi ng Gri@teeitrs Thomwactivh mixfuremrsed éledrandt 5haS ARRF 8 hr MsEH WisrBmoved
HEPES- buf f ered Hank's solution), then renmoved with a cell scraper and

honpgeni Wlgr redueedspressues. Dojutediwith weien, exasted with eyl agaseros Bthyhaomatelaer | et ed
by centry i of : or .15 m nutes. The
menbranedv%)e stahlf &)\?\V/ﬁg1 ‘\h/,vggﬁggﬁ%émn ce 3)%?' g@ﬁ%péhé%ggg%ﬁe ‘lg?t o, the £y prgﬁxbct

cent ri f ugas purified Byssilidargzl clrembwigraphg cheing siithnelgl dcorate:ligxahé (VD). ¥i@d 4050 MM
Tris-HC) pH 7.%§+%n%estored in aliquots of 1 m at -80C until used for
assays. ‘Pg-TMaEfe( r i the density of A AdoRs in CHO cell nenbranes) 100 pl
al i quots of nenbranes (5 ~g protein) were incubated for 2 hours at 25C with
0.15-20 nM [ 3H] CPX and adenosi ne deanminase (2 Um) in 100 pl of 60 mM
Tris-HCl) pH Step 3: frig.Qbiok o1l 3-diprapyl-2;3,6, Trédteatly no- Hi JputineSsyi9-oxad m  of

i ce- col d..50 , M, Ti s=.HCL, buf f er. i medi at |1 ect | f menb t
o aset | EreIP i el 308 PR et (SolBe Bomigiep Byvadakn
filtrativMeOtRSanYELIOH ISt g widdded MR stirfdd aw&vemggg!ﬁﬁh@% Wgﬁgé{s three

times with ice-cold buffer to renove unbound radio ind. I'scs
cont ai niragovedipden redupes praesyra; dilwigd with waterrndexmected witicettiyli acetdtend  of

i qui o S RoRr ey SAFLokaaRTbih 15 158, RREHEY With SR AR o 08 ) ity
menbr anesgatc Byeneabwhshdd adthdeinel itdedhcdeeNasS0,] CondéricRfion@btie s8fent VO

01/ 34610 12 t~f,AYF 04 PCT/11S00131058 added to the incubation buffer.

Nons peci88¥e Bi%Hdtersg ‘&dﬁlualéﬁaﬁe'&" by etpllizing frem iether ass (EScnd@S)of 10 u~~I

CPT. Specific binding of the radioligand to tfl~ A, .4doR was determ ned by
subtracting nonspecific binding fromtotal binding. Nonspecific binding was
found to increase linearly with an plas@ of [3H] CPX concentrati on.

Exampla$
det br n 0y FRAENS SR E RSB IS By Del SRR RS A A s A ek é-dione
reconbi nant A, ADifropylRT-psa6NHih1 -Heinel3| Bdinhiredbuttheos, 6 2iond (@58 C}?@\: Wakhe

presence of increas] ng concentrations of ant a&onl st was neasur ed. i quots

“of CHO dakan inglpp ABEd Uml) gb-7& €. nBulid0$8gnk29M ip begaeXwas addegosiowly. Toe1 nM
- 100 ; : i ] : ! { f .h t
25 1 bR B oaRR P Sl tol 30 lin R 0 G LS s O BBRS
ﬂ escri 3er:ng)?\:ww®ssfo]pmian Atmsll)of ﬂbsTHFnstd”eg_taahmtﬁerrtn_(iwm g;iﬁfléd ar -ﬂfoE%a B@so,

., an coefficients re deternined usi ie radioligand bindin
anal ysi S5y Sig¥. wﬂrﬁﬁ_ﬁﬁ ‘ﬁ."@x\?ﬂ%ﬁ?ﬁe&’ -g'gﬁFF?%%&%F‘ffEh‘@égﬁ“gW_@ with faégt 0
be undenlaEIchnt RRtractkd Whhh) héuaeks;f@m his d&ﬁ?d?néiﬁﬁrgﬁ%ig ggyrdr Rya§ %Hé;f&hﬂ“

with the detailed description thereof, the foregol I ption i
i nt endedN &Gl watery ané bmng. nBriedjover anhydrousH M504 tand Gameenttatedh) Thehinidei s

moci 11 cAPRd SaP PRedlon’ i RHGRA Bl bt sl TR GoE 0 B8 MR EER 0
200 1 23374 55 7 8 9 la 11 12 13 14 15
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VWhat is claimed is: X, A conpound conprising the forrmula: wherein R~ and
Rz afire independently selected fromthe group consisting df2 &%Yh% ogen;

b) al kyl, al kenyl of not Less than 3 carbons, or al kynyl of not |ess than 3
car bons; WhelY¥6H sai d al kyl, al kenyl, or alkynyl is eithePCTHSUHWEOFE ~ut ed
or functionalized with one or nore substituents selected fromthe group
consi sting of hydroxy, al ko~y, am no, alkylaznino, dialkylam na,

het er ocycl yl , acyl am na, al kyl sul fonyl am no, and

het ez~acycl yl car banyl anmi no; and c) &xgmplerS3substituted aryl; R3 is a

of - 1 By G lor B RSBy R R b e S B gaRes

group i sy ghffiRylie'asiabstituted or functionalized with ono or 18 nore
substituents selected fromthe group consisting of: 19 (a) al kyl,  al kenyl,
and al kynyl ; SteprieFallewehthgiskme pragedurafiom the exdrkgleyBxagpbaifpl stepki t her 20

unsubsti fut.cd or, functional.,i.zed w ne or mare,su 4 nts selected Trom
Pher 03" L utfReoRcehER el B ifieaddelefiagy Prop R SIS RES 4601 ° 55 |
(am no) (R$) acyl oxycar boxy, (hydroxy) (carboal koxy) al kyl car banoyl, acyl oxy,

23 al dehydo, all cenyl sul fonyl am no, al koxy, al koxycarbonyl ,

al kyl ani noal k§teB# Rl Xﬂf&’f)kﬂ%ﬁt%bﬁﬁﬁbl)-lai-ﬂiprw-%einsﬁhmwﬁr@az,ém . R5,
RS- al k - i | ani no,
0 alkyl ASOE) sk 19 ot MYOH s rnoEBB8A b RE MATHLbIcA Yok (! 2 1O

Ea:joal kyMaE)lI—{j fony 0 alrrEnEdczli ]gﬁét xnlg))@uﬂlyﬂsalnkgblme adcg:dmnﬁm Waecblxjdblbuh & %ﬁ@yl :
ydr oxy, 28hydr oxya sul.fonyl.an oxi m nQ, phQs no, substitute

ar al ky| aPHFs 3 Q‘s‘?\:‘ﬁﬁlgﬂi“u B@Btﬁgr‘\fﬁgﬁgﬁ M%&Q@ PHCHOHA formad Has filtered

het er oar fOme! RICOIOwW IOkl a i d
tritluor %}n@%hflgl;wandSl( b)gg( al ko’i‘y’%’?{‘?‘gﬁﬁyFﬂ‘??%?‘ﬁi‘f’?ﬁ’%%ﬁ%?ﬁ?‘“ﬁ?‘g%ﬁb@

al kenoxyEthyl dcetagd lsyerfwasywashidwiB Fedtérobmyne, andk drigdcavdoNeyS Q4. aAfetl car banvyl ,

al koxycar bonyl am kvl su] fvnyl am | kyl.sul fonyl oxy. ..agi no,

2 noal KTERLTBogt BRs froSsL T kA RO BT warer Y B LiGH (¥ ing) was
am noal kyddeg brd eiryed at redvieyrligil INeX0MAy thé MEDH was removed by rotavap, the residue
~, i nocycl oal kyl al kyl cycl oal kyl car banmo

ani lnocyc‘rvéﬁaqakﬂy“k’ar%%{ﬁi_}p iy %@FWE@Q@W?W&W@& (Zwrﬂbmlﬁ@w:aydzr, was
RS ol ks UHEE Hith ARVHER Rackéd it BEUGUE o s PR O Bk SR O biosieh o,

Ri - al kyl wah beineand driddl Aflekydrehtraionithe pfod 0@ avds\dissulvied ity bthet frd filtered
RS- al kyl t hi o, RS- heteroc cICyI carbonyl, cyarta, 40cycl oal | ryl am no
di al ky] aﬁf‘?\'@hlalﬂ?p egﬁlﬁa% i Comgensgatign gave 30 mg of the product. Mass (ES* 391)

het erocycl yl , 41het erocycl yl al | Gyl anmi no, hydroxy, oxinino, phosphate,
substituted aral kyl am no, 43substituted heterocyclyl, substituted
het er ocycl yl sul f onyl ar ni no, 43sul f oxEaamplaiPdno, and t hi ocarbanmoyl; 44 R4 is

sel ect ed,from t.he u nsj s 0 r,ogen i, Az al kyl ., . C -3l kyl - H,
and a5 pRRgBROHE RET R -6 ARGy SalSBy v by ar mRR- B s
are eit hsieydloRi22oet1dyHastee or functionalized with one to three
substituents selected fromthe ﬂroup consi sting_of 47 hal ogen, -OH -QOw,

“NHz, NOZ, betr@Hydmoxy-bigyelafe-2¢2]pett I-whrd 13-digrpnyidt hdibidro-punner  6-dine
bstit | .St -

“No. | argrreRpBriaaE(10 e 918 o)l Bseiienif b iifinle o 0RRmatThsg s

consi st i mmod)in1CrlEDCEY ace@niFily 2t 0 mCEfidiyHREeSTGe chlorideOMICRam

-C01' ~Ti SCa, R, ~ COL~THSO - aP , COCF3, 51 - NHCONHSQ2R-~,

N1 PoSHEPRASES D S oo L b e, -3 Gmmol) wasaddepigra ozen

. EPEEWIZ hgfdsgiﬁxmﬁszﬁned o131 Y HERE 709 BT RERIopER%ide MHichNE milF was

added and the mixture was stirred for 1 h. At 0°C 15 ml of 10% NaHSO; was added and the

mixture was stirred for another 15 minutes. The mixture was then extracted three times with

CH,Cl,, and the organic layer was washed water. Evaporation of solvent yielded Phosphoric
acid dibenzyl ester 4-(2,6-dioxo-1,3-dipropyl-2,3,6,7-tetrahydro- 1 H-purin-8-yl)-

-57.



HO _ rNI N~ NNNN~ARIF ~N\ NN~ " ~-N~NCF3 H~i w~HR4 O
N~ ~~N N ~-N~O- 1 OHNN1~HHI I~ Ni 0\R4 55 556~1-i wqmzare
i ndependent|ly selected fromthe group consisting of 0 and S 25 .

sel ect ed“;é?m%gfo gr oup consi sting of a SI ngl e bond, O _@7@0&5@_‘8

- CH?) -, -(CT-12)1I. - GH=CHCHz2- ,
-GHzCH=CH; and 59 R6 S sel ected from t he group_consi sting of hydrogen,
al kyl , anglyc,lo[almﬂ%%‘flox‘mstcr ay aydipw oibOviycibwes punifind byrcalikyh chroutasdgrapttyed

o il AP oo AT SRR PR BB SRS,

CONMPOUNQerrghydfd-aFMpRrin R0y IpBicveR! | y active conpound, a 3 pure diastereorner,
a mxture ﬁPrdl ast ereorrg}rlg’B gnd a pharmacol ogi cal | y acceptable addition 4

salt. 1 [2.2.2]bet- bﬂdmt;nowwcomtamm and cgneentiatedRh vacInRR gat 80anhpaidupl. MS
gr oups. ibl %21The conmpound of claim1, wherein RI and R2 are each
n-propyl( 1) The conpound of, clai mI , Wherein R is n-propyl and R6 is

sel ected frvrehddpd oacgwupd jistesfef 842 8l@bkev],3hepyILY dr§1 -
-OWe, or -haloge attd 3 3 h dr(oxypropy 31‘*5}%)‘ T§§d7c (ﬂ

claim4 pwm&-exgrblzyﬂg[?a%/ 2] mgwl BYerwWas shgsolve;l in anpixnpeofl 15 il mathmaicmpd@nd

of claim r ok S

unsubst i'Pﬁ?f .ldoﬁgr ?,Fyl%@tq }5’n5£ %g gas aqdr?xéérglteh%dslxﬁ%? eﬁlg gﬁ)&’ﬁt{j’é‘n‘f? t?r‘z"s}"eli’lé‘&'t d
from t heogpsiufor ®msi BUIC gvasffilteyell 6ffyandl sodvent ang dvhﬁaradehaﬂf | .Th RsidbOSvas
conpound of claim.,7, wherei n t he cqonpqund is 5-(2,6-D oxo-1, 32

di pr opy|recryssaiized 384 TExIMre,@fm q{_agdyqﬂ;xl@,cet;@ttg[ggt i9qmtlﬁh®¥®l@h()ﬂdﬂyl iC
aci d. 18% T]%F @ermo of claim?7, wherein the conpound is 8-(4-Hydroxy2
bl cycl of ﬁ) 1-yl)-1, 3-dipr opyI 3, 7-di hydr o- puri ne-2, 6-di one. 1 10.
The conpound aFclairo 7, \/\herel n the compound is 5-(2, 6-Di oxo-1, 32

di propyl -2, 3,6, 7-tet rahydra- 1H puri % 8&! Iz IE)i cycl o[ 3. 2. 1] oct ane- 2- car boxyl i
c acid. 11 1. The conpound of cl ai ein ~is 2 3 and wherein 1~

i s eithe CHW‘(dfh%tﬂ!’-yhhefﬂmcdm%T-BLduiﬁﬂxdeQniHi@ %"c1dm§g§5(ﬂ‘§.s@.o}tgﬁl?y

selected fromthe gl.oup consi stin hydroxy) RS-a

al koxy c atiprappi-2,3,6 mso}wdrmﬂypmk;&-yl)-bidyoloybaxzwmeﬂ]-peumbnymmmm| kyl ,
al dehydo al koxyal kyl , RS6 al koxy, phosphate, RS-al kyl carbanmpy!, and
RS- al kyl f%ﬁrkyl ) car barmyl 1 12. The conpound of claim 11, wher ei n the

conpound i s $(4ntixydé oxyR 3-[4-(2, 6—Dloxo-l ,3- dxproEyl-z ,3,6,7-tetrahydro- 1 H-purin-8-yl)-
breycl O[b%cyzc]oﬂ %e%]o%t- yi]-prngogxcdz{cxd ( mg, 0.5 mm%;llc)Ir ()Sogllill;IlI Ql%a:%ogatg I(?gsemg 2
;
mmol), and tetra-n-butylammonium hydrogensulfate (17 mg, 0.05 mmol) in water (5 ml) and
dichloromethane (5 ml) was stirred vigorously at 0°C. After 10 min, to thc reaction mixture
was added a solution of chloromethy! chlorosulfate in dichloromethane (1 ml) and allowed to
ambient temperature and continued to stir vigorously. After a couple of hours, the organic
layer was separated and washed with brine. The organic extracts were dried over sodium
sulfate. After the solvent was removed in vacuo, the residue was purified by column
chromatography on SiO; using ethyVhexane (1:5) as an eluent to give (200 mg, yield 86%) 3-
[4-(2,6-Dioxo-1,3-dipropyl-2,3,6,7-tetrahydro-1H-purin-8-yl)-bicyclo[2.2.2]oct-1-y1]-
propionic acid chloromethyl ester. MS (M+1 465)
To a solution of 4-Chloro-2-[(ﬁnan-Z-yhnethyl)-amjno]-5-sulfamoyl-benzoic acid
(142.5 mg, 0.43 mmol) in DMF (3 ml) was added triethy! amine (10 mg, 0.95 mmol), and the
mixture was stirred for 1 h. The above obtained chloromethyl ester (200 mg, 0.43 mmol) and
Nal (130 mg, 0.86 mmol) were added to the reaction mixture. The reaction was let go at

room temperature overnight. The reaction mixture was concentrated down under vacuo. The
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1 13_ The conpound of claim 11, wherein the conpound is 4.(2,6-D oxo-1, 32
di prapyl -2, 3,6, 7-tetrahydro-1ki-purin-8-yl)-bicycloj2.2.2]qg mre-A8kcar boxyl
ic acid. 1 14. The conpound of claim 11, wherein the conpound is

4- (2, 6- Diyux 81/3463¢ PCT/US00/31058
di propyl -2, 3,6, ?-tetrahydro-1H purin-8-yl)-bieyel o[ 2. 2. 2] oct ane- 1- car bal deh

yde4 iszasrgsgba M?L/pagﬂﬁxpitedﬁmt\ﬂ'm Exhypadetde/htet. Aheckdanivvisier iwas tcBRcdrprpund
IS 0XO0-
di propyl| and wagpyo ied HRdey gpleumn) ehromatography g obtais by title compo@ib(i98rmag, lyiekr box

ylic aci 98 %pf(,hltgig%é%mé&%ﬁi%gghe compound of claim11l, wherein the

conpound™i d|propyl-2,3,6,7-te|rahydro-l

H purin- $- yI)-bi cyclo[2.2.2Joct-1-yl]-acrylic acid methyl ester. 1 17. The
conmpound of claim'l1, wherein the conmpound i5 3-[4-(2, 6-Di oxo-1; 32

di propyl - 2, 3, 6, 7-t et r ahydr o- 1H- pur i rEx@mple 3t cyct o[ 2. 2. 2] oct - 1-yl ] - pr opi vni

compound! ??'@“‘{%‘ (UG diok i1 g op TR K ean UL fhach i - 1 11
H puz~n- Biey {2 2jactdfi)-replouglostymgtrhoagsarbosyIRpr by briloniliae; CORAANEHb-of

claim11l, wherein the conmpound is [4-(2,6-D oxo-1
di propyl acgtates 7 ¢ ot r ahydr v- 1

H purin-$-yi) phligwéd qhe- ﬁo@ehﬂ?é( fof %h%lﬂﬂ 09%39@19 aF| ﬁléa‘}B%deyIQr%onﬁgBu#oqd of

claim 11, whcrczn the conpound is 0x0-'1

di pr opy! pent;meégo?c tagtdr éhyrml-botyl Hspm r5-113-84-42,5-dboxoy);3-diptopyl 2, D6 ]7-thratiyldrbutyr i C
acid. 1 21. ‘f) o&rfi f: ﬂ m 11, Wnerehn t he corrpound is Phosphoric
aci d monds m- -y bxc 2]oct-1-yI]-propiohyloxymethyl} ester was made by using 2-tert-

[4- (2, 6- But@X?c&btﬁTy@r@lTnﬁFTp!htaﬁecﬁm@ 4cidet ft@x’i'—l‘)g{y@ és't?rptﬁrg”(gg% ﬂlt%]xobl §ycﬁ%x%hgl 2.2J

oct-1- yGJ ester he conpound of claim1 e conpou
~[ 4- (2, 6~Bibpk tstrphydro-1H-purin-8 -yl) bicyclo[2.2.2]oct-1-yl]-propionic acid chloromethyl ester,

di pr opyl tel" H purin-8-yl)-bicyclo[ 2. 2. 2Joct ane- 1- car bonyl ]
- met hyl tgr%nﬂﬁd?élzg’cet |Igﬁg€| 'l 23. The conpound of claim 11, wherein the

garrpauzrd is D&pro(cztlﬁg El gkﬁC%HfH’zQ (SO/Sg) atI roogx templerature for 8 h, punﬁe1 in pr %p 3
i propy r.ahydro in-8-y. i cyc oct ane- 1- car bony

- ani no} %ﬁ%& 1o ggt tbeslgec mEQ“ndTﬁ%d%ﬁﬂbtﬁﬂé dA0%) M%ﬂ W\berel n the conpound
is 3-[4-(2,6-Di oxo-1, 32

di propyl -2,3,6, 7-tet Cahydr 0- 1H-purin-8-yl)-bicycl o[ 2. 2. 2] oct - 1- yl oxy] - pr opi
onic acid. -94 1 2 MAY 200 1 25. HExemplerf¥ound of claim| 1, wherein the
corrpounc&

di propy!™ ;%5[?%;[”3 ?%'R]@%dfﬁo'fﬁ THPEORY|-P 3o & etrahydre-LH-purint8-yloxy] - pr opl
oni ¢ acinicyasay. 2]3c615-tyﬂl’-proi9103@l} if@r&ﬁiﬂé?#ﬂ?ﬁyﬂfpr%bﬁl-mn%dmuwer etrinhbfo-

conpound is 3-[4-(2 Di oxo-1
di propyla—°2t33°6 7- tetrahydro 1H- purl n-$-yl)-bicyclo[ 2. 2. 2] oct-1-yl oxy] - pr opi

oo actd. L~ Al 661840 8 Didso-ACUBHRIAL, Plechflod 1H-putfi L33 N

compound is 3 (2,6-1
di pr opy Ibiycho[@.22]oat I-5ljspropieritiapidr(208 fhey 0.5-rhino})(Edrdple.12) (203- nlg,mIS minéfpt hyl

~Propion) GrAChd w1 A%as addSa KOIRAYIohofine 56 mg, 0 53 mmoljand °
isobutylchloroformate (75 mg, 0.55 mmol), and the mixture was stirred for 1 h.
Hydrazinecarboxylic acid tert-butyl ester (100 mg, 0.75 mmol) was added to the reaction
mixture. The reaction was let go for 2 h. The reaction mixture was washed with NaHCO3,
NaHSOq, and brine respectively. THF was got rid of under vacuo, and the residue was
purified by column chromatography, followed by deprotection on (CH,ClL/TFA) to get '3-[4-
(2,6-Dioxo-1,3-dipropyl-2,3,6,7-tetrahydro-1H-purin-8-yl)-bicyclo[2.2.2]oct-1 -yl}-propionic
acid hydrazidc as TFA salt. MS(M+1,431),
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3 and wherein I~ is either unsubstituted or functionalized with one or nore
substituents 4 selected fromthe group consisting of )Z5-al Iﬂ% MA %‘

Rs- al kenyl , al koxycarbonyl, 5 al koxycarbonyl al kenyl, hydroxya ky?,

al dehydawOaiB4enpdr oxy. 1 29. The conpound of claim 2%, whRCEUSKI1eS&L onpound
Is 6-(2,6 Dioxo-1,3 2

di propyl - 2, 3, Bhe-abeve ahtpthed-TFAL spluwas -tBsifiell -tyutriettod Aninantaingy hieCsaatd ghixdd 30
The conpoynd .of clai,m 28, wherein. the c oynd i s 8-(6-Hydraxymnet hyl 2
Eaban. 3 giArids sEpSTtal s SPOME TERE g At 1 B e GRGREY It per e dobiasisha
of cl ai . Y] i =B =k =, 3 ' <2.3.6,7
t et rahyglr%&i Il—)l-w%ﬁ rc?ﬂr? FS&Qﬁ@mH%gﬁm gmy‘f%]r&g(%l?% a%f:’?a%pg&@?t%g 2’% qjﬁxgé @gpr?p'}fuw&p of

cl ai m 6 HR&Cetorget theitgle'compourgbas TAAR s M SO@+B559)d wherein R3 is either
unsubstituted or functionalized with one or nore substitucnts 4 sel ected

fromthe group consisting of RS-allryf, ~-It,s, R5-al kenyl, R3-alkoxy,
al koxycar bonyl, 5 al koxycar bonyl al ke roxyal kyl , al dehydo, and
hydroxy. 1 33. The conpound of cl ai Mrei n the compound is

[ 5~(2, 6. [3B(266Riaxa1,3dipropyl-2,3,6,7-tetrahydro-1H-purin-8-ylmethyl)-adamantan-1-yl)-
di propyl -2.3, %ﬁ%% el rahydra- I H purin-8-yl)-bicycl o] 3. 2. 2] non- 1-yl oxy] - aceti
c acid. ice},'ﬁ.a e conpound of claim 32, ravhereirl the conpound is

8- (5- Hydr oxy2Followed the same procedure from Example 45 using (3- -

bi cycl o( 3. 2. 2] non-1-yl )- 1, 3-di pr opyl -3 RIS By oeag (iMethoxycarbanylmethyl- o .
The  cvnpadamangm- Hyhrasetoacidisstead a gwyclotmélmmm,%s-c(iarbexmicmm 1, 32

di propyl - r + urin-8-yl)-bicycl o[ 3. 2. 2] nonane- 1- car boxyl i
c acid. nggmgt‘:&[egsg%h%%o%?ai m6 wherein R3is 2 OO0 3 and wherein Rs
is either unsubstituted or funetionalized with one or snore substituents 4
selected fromthe group consisting of hydroxy, R -alkoxy, RS-alken-~rl,

al koxycarbonyl, and 5 carbonyl. 1 ~E conpound of claim 36, wherein

t he conmpg! b+ h L -purin-8-vi- . ic ac
2, 6-di Oxg%h@%r%{l?—%@{%@’%gg{?&?ﬂ%&&- }olflo‘fo“f fo-§-yj) §rhARsr Leathaxylic acid: i one
. 1 38. The cTopcahutionbf &4Gamii62,4ulieicel 8-dip@pebhR@hettialydro-pyrimidin-5-
[1- (2, 6-1.7i px0-1.3 o ,
di pr opyl Ylﬁ?@?‘ﬂ?’fl)icggﬁh?m@ﬁy lic aeidimethyl gsier £400mg, 9.966 mumplhindvisOE QG| 3. 3. 1
] non- 4- yingxydshdaeel indl o¥@i20% dy. RO SIS ATENAL é‘samgﬁ' i Jgrgfg% '
conpound g;Wcl aim]1l toget heorngi th 2 a suitabl & excl pi lé!trl#t@ﬂ‘-l i‘ét}%@
2004 at reflux overnight (12 h). The cool reaction mixture was concentrated in vacuo, diluted with
several small icc_ chips and acidified by the dropwise addition of concentrated HCl. The
resulting white precipitate was collected, dried, and washed with ether to gi\"e a white solid
(280 mg, 76%). 'H NMR (400 MHz, DMSO-ds) & 1.05 (coincident t, 6H), 1.70 (m, 2H), 1.83

(m, 2H), 3.99 (m, 2H), 4.08 (m, 2H), 4.27 (m, 3H), 4.38 (m, 3H). MS: 383 (MH").

Example 60
8-(1-Hydroxymethyl-cuban-4-yl)-1,3-dipropyl-3,7-dihydro-purine-2,6-dione.

To a stirred suspension of 4-(2,6-dioxo-1,3-dipropyl-2,3,6,7-tetrahydro-1H-purin-8-
yl)-cubane-1-carboxylic acid (100 mg, 0.261 mmol) and HATU (1.1 eq, 0.288 mmol, 110
mg) in 6 ml of MeCN was added Hunig's base (1.1 eq, 0.288 mmol, 37 mg), neat via syringe.
The resulting heterogeneous mixture was stirred for 3 h and NaBH, (2.0 eq, 0.522 mmol, 26
mg) was added in one portion. The mixture was stirred for an additional 2 h, cooled with the
aid of an ice bath and acidified by the dropwise addition of concentrated HCL. The resulting
pale yellow precipitate was collected, dried, and resuspended in MeCN. Aﬁer stirring
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40. Use of an effective adenosi ne antagoni zi ng anount of the conmpound of
claim1 for the preparation of a pharmaceutical conposition gf,or treat| ng a
subj ect suffering froma condition characterized by an el evat dosi ne
concent r aWOMB46M) or i ncreased sensitivity to adenosi ne. 4PLCTfUIS@0/lwéS of
claim 40, wherein the condition is selected fromthe group con5| sting of
cardi ac r ers e central
ervous SycTasht U Bail SLERIRES and BHEDH Bt o DR R G U 3200

t r eat neEntM8s36@NIHAL ed, Parki nson's di sease, depression, traumatic brain
damage, post-stroke neurol ogical deficit, respiratory depressi on, neonat al
brain trauma, dyslexia, hyperactivity, cystl c fibrosis, cirrhotic ascites,
neonatal apnea, renal failure, diabegggnnagihm, and edemat ous condi ti ons.
42. The use of claim40, wherein the on i s congestive heart failure
or renal 4e|(y753ermﬂ12cﬁadloxe-l,3°\dmomddz,3),ﬁ TeeitrahydBe-3 Hopiirih48-glgL xant hi nes

conprisin s of ob .ainjng a N7, C8-di hydr oxant hi ne; b)

protecti ® Syt Fﬁz%vﬁgﬁéf'?‘ﬂcfﬁ}%‘r"y R@%ant hi ne; c) deprotonating the C8

position W th 194 &iteedddaRi [g) ion with
T oh®f A8 (REAIR-28-ARARD 3. @Jobgﬁgﬁé N o the

a carboxyl, carbonﬁ al dehyde, or ketone conp epr
pr ot ect e@yrmigiast-yhoana:- Cé@?@hl]mwtﬂaﬁs’&]mtm&eH-cm:bnxyilmmd nfethyl ester

A A R PR R ROROR o, Vs ot 2K g T mumot, 1.7 m

y. A A . Aaﬂd!lth% réyulfyg MiXlurksy ATRated at reﬂux for 26 h. The cool reaction mixture was
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yl)-bicyclo[2.2.2]octane-1-carbaldehyde oxime (400 mg, 1.03 mmol) in CHCI; (20 ml),
cooled with the aid of an ice bath, was added POCI; (neat, 1.5 eq, 237 mg) and the resulting
mixture was allowed to reach ambient temperature overnight (17 h). The reaction mixture
was poured into water, the phases were separated and the organic phase was washed with
saturated aqueous solution of NaHCO3, dried over Na;SO0y, filtered and concentrated in

vacuo to give a white, brittle foam (360 mg, 95%). MS: 370 (MH").

Example 66
[4-(2,6-Dioxo-1,3-dipropyl-2,3,6,9-tetrahydro-1H-purin-8-yl)-bicyclo|2.2.2]oct-1-yl]-
acetaldehyde.

To a stirred suspension of methoxymethy! triphenylphosphonium chloride (1.1 g, 3.2
mmol) in THF (60 m}) at -78°C was added a solution of KHMDS (0.5 M in toluene, 10 ml, 5
mmoi). The resulting yellow mixture was stirred at this temperature for 1.5 h and a solution
of 4-(2,6-dioxo-1,3-dipropyl-2,3,6,9-tetrahydro-1 H-purin-8-yl)-bicyclo [2.2.2]octane-i -
carbaldehyde (372 mg, 1.0 mmol) in THF (12 ml) was added over a period of 20 minutes.
The mixture was held at -78°C for 6 h and allowed to reach ambient temperature overnight
(12 h). The reaction mixture was partitioned between saturated ageuous NH,Cl1 (100 ml) and
EtOAc (100 ml) and the aqueous phase was extracted with EtOAc (50 ml). The combined
organic extracts were washed with saturated ageuous NaCl (100 ml), concentrated in vacuo,
redissolved in THF and concentrated to a volume of approx. 20 ml. To the solution was
added an equal volume of 1 N HC! and the mixture was stirred overnight. The mixture was
diluted with EtOAc (20 ml), the aqueous phase was separated and extracted with EtOAc (10
ml). The combined organic phases were then washed with saturated aqeuous NaCl (2 x, 25
ml), dried (MgSOy), filtered and concentrated in vacuo. The resulting orange oil was purified
in batches by radial chromatography (2 mm plate) using 3% MeOH and 3% THF in CH,Cl;
as eluent. Product-containing fractions were combined and coﬁcenuated to afford 290 mg
(75%) of a white solid. MS: 387 (MH").

Example 67
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partitioned between water (10 ml) and CH,Cl, (10 ml). The aqueous phase was acidified by

the dropwise addition of concentrated HC] and the resulting precipitate was collected,
washed with water and dried to afford 105 mg (59%) as a white powder. 'H NMR (400 MHz,
CDCl3); d 0.91 (¢, 3H), 0.93 (t, 3H), 1.63 (m, 2H), 1.77 (m, 2H, partially-obscured), 1.82 (m,
6H), 2.01 (m, 6H), 2.32 (s, 2H), 3.95 (m, 2H), 4.07 (m, 2H), 12.74 (s, 1H).

Example 68
{2-[4-(2,6-Dioxo-l,3~dipropyl-2,3,6,7-tetrahydro-1H-purin-8-yl)-bicyclo[2.2.2]oct-l-yl]-
ethyl}-phosphonic acid monoethyl ester.

Dissolved {2-[4-(2,6-dioxo-l,3-dipropyl-2,3,6,7_—tctrahydro-1H-purin-8-yl)-bicyclo-
[2.2.2]oct-1-yl]-ethyl}-phosphonic acid diethy! ester (30 mg, 59 umol) in I N NaOH (4 ml)
and heated the solution at 80°C for 3 h. The mixture was allowed to cool to rt and slowly
acidified with concentrated HCL. The resulting precipitate was collected anJ dried (22 mg,
79%). "H NMR (400 MHz, CDCls); 8 0.93 (coincident triplets, 6H), 1.31 (t, 3H), 1.48 (m,
8H), 1.70 (br m, 6H), 1.95 (m, 6H), 3.95 (t, 2H), 4.07 (t, 2H), 12.2 (br s, 1H).

Example 69
8-[4-(3-Hydroxy-prbpyl)—bicyclo[2.2.2]oct-l-yl]-l,3-dipropyl-3,7-dihydro—purine-2,6-
dione

To a solution of .3-[4-(2,6-djoxo-1,3-dipropyl-2,3,6.7-tetrahydro-lH-puﬁn—B-yl)—
bicyclo-[2.2.2]oct-1-yl]-propionic acid (417 mg, 1.0 mmol) in THF (25 ml), cooled to 0°C
with the aid of an ice bath, was added BH; (1.0 M in THF, 3.0 mmol). The resulting mixture
was allowed to reach ambient temperature and stirred for a period of 60 h. Following the
addition of MeOH (10 ml), the mixture was concentrated in vacuo to afford a white solid that
was dissolved m MeOH (20 ml), stirred at rt for 2 h and evaporated to dryness in vacuo. The
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propionamide.

To a solution of 3-[4-(2,6-dioxo-1,3-dipropyl-2,3,6,7-tetrahydro-1H-purin-8-yl)-
bicyclo-[2.2.2]oct-1-yl]-propionic acid (510 mg, 1.22 mmol) and HATU (1.1 eq, 1.34 m}nol,
511 mg) in DMF (10 ml) was added Hunig's base (1.3 eq, 1.60 mmol, 205 mg). After the
resulting suspension had been stirred for 1 h, excess ammonia (0.5 M in dioxane, 4.0 ml) was
added and the mixture was stirred overnight (14 h). The solvent was removed in vacuo and
the resulting residue was partitioned between CH,Cl; (10 ml) and 1 N HCI (10 mi) with the
aid of 2 ml MeOH to assist in the transfer and improve solubility. The aqueous phase was
extracted with CH,Cl; (2 x 10 ml), the combined organic phases were washed with 1 N HCI
(2 x 10 ml), dried (MgSOa,), filtered and evaporated in vacuo to give an off-white solid (455
mg, 90%). MS: 416 MH").

This method was employed in the éynthesis of the following compounds:

Example 70a: 3-[4-(2,6-Dioxo-1,3-dipropyl-2,3,6,7-tetrahydro-1H-purin-8-yl)-bicyclo-
[2.2.2])oct-1-y1]-N-(1H-tetrazol-5-yl)-propionamide, MS: 484 (MH™);

Example 70b: N-(2-Cyano-ethyl)-3-[4-(2,6-dioxo-1,3-dipropyl-2,3,6,7-tetrahydro- 1 H-purin-
8-yl)-bicyclo[2.2.2]oct-1-yl}-propionamide, MS: 469 (MH");

Example 70c: 2-{[4-(2,6-Dioxo-1,3-dipropyl-2,3,6,7-tetrahydro- 1 H-purin-8-yl)-bicyclo-
[2.2.2]octane-1-carbonyl}-amino}-3-hydroxy-butyric acid methyl ester, MS: 504 (MH");
Example 70d: 2-{[4-(2,6-Dioxo-1,3-dipropyl-2,3,6,7-tetrahydro- 1 H-purin-8-yl)-bicyclo-
[2.2.2]octane-1-carbonyl]-amino}-3-hydroxy-propionic acid methyl ester, MS: 480 (MH").

Example 71
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Example 72
3-(5-{2-[4-(2,6-Dioxo-1,3-dipropyl-2,3,6,7-tetrahydro-1 H-purin-8-yl)-bicyclo[2.2.2]oct-1-
yl]-ethyl}-;etrazol-l-yl}prppionitrile.

A solution of N-(2-cyano-ethyl)-3-[4-(2,6—dioxo;1,3-dipropyl-2,3,6,7-tetrahydr6-lH-
purin-8-yl)-bicyclo[2.2.2]oct-1-yl]-propionamide (500 mg, 1.06 mmol, 1.0 eq), PhsP (2.0 eq,
2.13 mmol, 560 mg), TMSN; (2.0 eq, 2.13 mmol, 245 mg), and DEAD (2.0 eq, 2.13 mmol,
371 mg) in THF (10 ml) was stirred at rt for 24 h. The reaction vessel was re-charged with
the reagent cocktail (2.0 eq, 2.13 mmol) and stirring was continued for an additional 24 h.
The reaction was quenched by the addition of a 5% aqueous solution of (NH4);Ce(NOs)¢ and
extracted with EtOAc. The combined organic extracts were washed with brine, dried over
MgSOQ,, filtered and evaporated in vacuo to afford a viscous orange oil. A portion of the

material was purified by preparative LC to afford 20 mg of pure material. MS: 494 (MH").

Example 73
1,3-Dipropy}-8-{4-[2-(1 H-tetrazol-5-yl)-ethyl}-bicyclo{2.2.2Joct-1-yl}-3,7-dihydro-

purine-2,6-dione

To a solution of 3-(5-{2-[4-(2,6-Dioxo-1,3-dipropyl-2,3,6,7-tetrahydro- 1 H-purin-8-
yl)-bicyclo[2.2.2]oct-1-yl]-ethyl}-tetrazol-1-yl)-propionitrile (150 mg, 0.30 mmol) in THF
(20 ml) was added 3 ml of IN NaOH. The resulting mixture was stirred at rt for 8 h,
concentrated in vacuo and extracted with CH;Cl; (2 x 10 ml). The aqueous phase was

acidified by the careful addition of concentrated HCl and the resulting precipitate was
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butyric acid.

A solution of 4-{4-(2,6-dioxo-1,3-dipropyl-2,3,6,7-tetrahydro-1H-purin-8-yl)—
bicyclo[2.2.2]oct-1-yl]-butyric acid methy] ester (45 mg, 100 umol) in THF (4 ml) was
treated with 1 M LiOH (2 ml) and the resulting turbid solution was stirred at rt overnight.
The solution was concentrated ir vacuo diluted with water (2 ml) and acidified by the
dropwise addition of concentrated HCI. The resulting precipitate was collected, washed with
water and dried to afford a white powder (35 mg, 81 %). MS: 431 (MH").

This method was employed in the synthesis of the following compounds:

Example 74a: 37[4-(2,6-Dioxo-1,3-dipropyl-2,3,6,7-tetrah$'dro-lH-purin-S-yl)-cuban-l-yl]-
acrylic acid, MS: 409 (MH");
-Example 74b: 3-[4-(2,6-Dioxo-1.3-dipropyl-2,3,6,9-tetrahydro-1H-pun’n-8-yl)—bicyclo-
[2.2.2]oct-1-y1]-4,5-dihydro-isoxazole-5-carboxylic acid, MS: 458 (MH™);

Example 74c: 37[4—(2,6-Dioxo-l,3-dipropyl-2,3,6,9-tetr:hydro- 1H-purin-8-yl)-bicyclo-
[2.2.2]oct-1-yl]-isoxazole-5-carboxylic acid, MS: 456 (MH™);

Example 744: 2-[4-(2,6-Dioxo-1,3-dipropyl-2,3,6 9-tetrahydro-lH-punn-S-yl)-blcyclo-
[2.2.2]oct-1-yl}-thiazole-4-carboxylic acid, ms: 472 (MH+);

Example 74e: 2-{2-[4-(2,6-Dioxo-1,3-dipropyl-2,3,6,9-tetrahydro-1H-purin-8-y1)-bi-
cyclo[2.2.2]oct-1-yl]-ethyl}-thiazole-4-carboxylic acid, MS: 500 (MH™");

Example 74f: 4-[4-(2,6-Dioxo-1,3-dipropyl-2,3,6,9-tetrahydro-IH-puﬁn-S-yl)-bicyclo-
[2.2.2)oct-1-yl}-but-2-enoic acid, MS: 429 (MH");

Example 74g: 3-[4-(2,6-Dioxo-1,3-dipropyl-2,3,6,9-tetrahydro-1H-purin-8-yl)-bicyclo-
[2.2.2]oct-1-ylmethyl]-isoxazole-5-carboxylic acid, MS: 470 (MH™);
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mg) was added over a period of 15 minutes and the resulting mixture was heated at 60°C for
3.5 h. The cool reaction mixture was evaporated in vacuo to afford a solid residue that was
purified by radial chromatography (2 mm platej using a gradient of 2;10% MeOH in CH,Cl,
as eluent. Product-containing fractions were combined and concentrated to afford 31 mg
(26%) of a white solid. MS: 442 (MH™). |

The following compounds were prepared in an analogous manner:

Example 75a: 3-[4-(2,6-Dioxo-1,3-dipropyl-2,3,6,9-tetrahydro-1H-purin-8-yl)-bicyclo-

[2.2.2]oct-1-yl]-4,5ﬁ-dihydro-isoxa.zo1c-5-carboxylic acid methyl ester, MS: 472 (MH");
" Example 75b: 3-[4-(2,6-Dioxo-1,3-dipropyl-2,3,6,9-tetrahydro-1H-purin-8-yl)-bicyclo-

[2.2.2)oct-1-yl]-isoxazole-5-carboxylic acid methyl ester, MS: 470 (MH™);

Example 75c: 8-{4-[5-(4-Methoxy-phenyl)-isoxazol-3-yl]-bicyclo[2.2.2]oct-1-y1}-1,3-

dipropyl-3,9-dihydro-purine-2,6-dione, MS: 518 (MH™);

Example 75d: 3-[4-(2,6-Dioxo-1,3-dipropyl-2,3,6,9-tetrahydro-1H-purin-8-yl)-bicyclo-

{2.2.2]oct-1-ylmethyl]-isoxazole-5-carboxylic acid methyl ester, MS: 484 (MH").

Example 76 .
3-[4-(2,6-Dioxo-1,3-dipropyl-2,3,6,7-tetrahydro-1H-purin-8-yl)-bicyclo[2.2.2]oct-1-yl]-
thiopropionamide. .

A suspension of P4S;4 (23 mg, 53 pmol) and Na,CO; (4 mg, 53 umol) in THF (4 ml)
was stirred vigorously for 20 min and 3-[4-(2,6-dioxo-1,3-dipropyl-2,3,6,7-tetrahydro-1H-
purin-8-yl)-bicyclo-[2.2.2]oct-I-yl]-propion'amide (20 mg, 45 pumol) was added; The

resulting pale yellow solution was stirred at rt for 1 h, evaporated to dryness and dried in
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1,3-Dipropyl-8-(4-vinyl-bicyclo[2.2.2]oct-1-yl)-3,9-dihydro-purine-2,6-dione.

To a stirred suspension of methy! triphenylphosphonium chloride (1.07 g, 3.0 mmol)
in THF (20 ml) at 0°C was added n-BuLi (1.4 M in hexane, 2.14 ml, 3.0 mmol). The
resulting reddish-brown mixture was stirred at this temperature for 0.5 h and then at rt for 0.5
h. A solution of 4-(2,6-dioxo-1,3-dipropyl-2,3,6,9-tetrahydro-1H-purin-8-y1)-
bicyclo{2.2.2]octane-1-carbaldehyde (372 mg, 1.0 mfnol) in THF (10 ml) was added over a
period of 20 minutes and the resulting mixture was stirred overnight (12 h). The reaction
mixture was partitioned between saturated agenous NH,Cl (20 m!) and EtOAc (20 ml) and
the aqueous phase was extracted with EtOAc (20 ml). The combined organic extracts were
washed with saturated aqeuous NaCl (50 ml), dried (MgSOs), filtered and evaporatéd in

| vacuo to afford an oil that was purified by radial chromatography (2 mm plate) using a
gradient of 0-5% MeOH in CH,Cl, as eluent. Product-containing fractions were combined
and concentrated to afford 140 mg (38%) of a white solid. MS: 371 (MH™).

Example 78
2-[4-(2,6-Dioxo-1,3-dipropyl-2,3,6 »7-tetrahydro-1H-purin-8-yl)-bicyclo[2.2.2]oct-1-yl]-
thiazole-4-carboxylic acid ethyl ester.

A suspension of 4-(2,6-dioxo-1,3-dipropyl-2,3,6 7-teu'ahydro-lH-punn- -yl)-
bicyclo[2.2.2]octane-1-carbothioic acid amide (20 mg, 50 pmol) and KHCO; (8.0 eq, 400
umol) in THF (5 ml) was stirred vigorously for 5 min and ethyl bfomopyruvatc (29 mg, 150
nmol) was added neat via syringe. The resulting pale yellow solution was stirred at rt for 1 h,
cooled to 0°C with the aid of an ice bath and treated sequentially with pyridine (8.0 eq, 400
umol) and (F3CCO),0 (4.0 eq, 42 mg, 200 pmol). The resulting deep red splution was
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Example79.
cis/trans-1-(2-Chloroethyl)-cyclohexane-1,d-dicarboxylic acid dimethy! ester (II)

A mixture of n-butyllithium (1.6 M in hexane, 0.275mol) is added over 25 minutes to
0 a stirred mixture of diisopropylamine (0.3 mul, 42 ml) in dry THF (200 ml) cooled to -78°C
under nitrogen. The resulting mixture is stirred at -78°C for 30 min. To the mixture is added
TMU (1.675 mol, 200 ml) over 20 min. To this mixture of LDA and TMU is added },4-
dimethyl-cyclohexanedicarboxylate (I, 0.25 mol, 45 ml) over 10 min. After stirring an
additional 40 min, bromochloroethane (0.30 mol, 25 ml) is added over 10 min. The resulting
5 mixture is stirred at -78°C for 30 miri, the cold bath is then withdrawn and the reaction is
stirred overnight with warming to 20-25°C. Hydrochloric acid (3N, 200 ml) is then added
and briskly stirred for 10 min. The THF is removed under reduced pressure and the resulting
aqueous residue is extracted with hexanes (3 x 200 ml). The combined organic extracts are
washed with hydrochloric acid (3N, 2 x 200 ml), water (1 x 100 ml), saturated sodium

0" bicarbonate (2 x 100 ml) and saline (1 x 100 ml) and dried over magnesium sulfate. Suction

filtration and concentration under reduced pressure gives the title compound.

Example 80
' Bicyclo[2.2.2]octane-1,4-dicarboxylic acid dimethyl ester (I11)

5 n-Buthyllithium (2.5 M in hexane, 313 mmol) is slowly added to a stirred mixture of

| diisopropylamine (50 ml, 357 mmol) in dry THF (450 ml) cooled to -30°C, under nitrogen.
The mixture is stirred for 30 min at -30°C and cooled to -78°C. In a separate flask, a mixture
of cis/trans-1-(2-chloroethyl)-cyclohexane-1 +4-dicarboxylic acid dimethyl ester (11, Example
79, 80 g, 303 mmol) in THF (1100 ml) and HMPA (225 ml, 1280 mmol) is prepared under a

J nitrogen atmosphere and cooled to -78°C with stirring. The LDA solution is then added
through a transfer line over 1 hour. The result mixture is stirred at -78°C for further 1 hour
and warmed to 20-25°C during two hours and stirred for anothér 30 min. Then saturated
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(600 ml) and extracted with hexane (150 ml x 2). The aqueous mixture is acidified (6 N
hydrochloric acid) to pH = 1-2 and extracted with chloroform (150 ml x 2). The combined
chloroform extracts are concentrated. The residue is dissolved in toluene, filtered and

concen”_tratcd to give the title compound, mp = 169-173°C.

Example 82
4-Chlorocarbonylbicyclo[2.2.2]octane-1-carboxylic acid methyl ester (V)

Bicyclo-[2.2.2)octane-1,4-dicarboxylic acid monomethyl ester (IV, Example 81, |

wt) is dissolved in dichloromethane (6.25 vol) and dimethyiformamide (0.025 vol) is added.

0+ Concomitantly oxalyl chloride (0.5125 vol) is' dissolved in dichloromethane (0.625 vol) and
the resulting mixture is added to the mixture containing the bicyclo-[Z.i.Z]octane-l,4-
dicarboxylic acid monomethyl ester (IV) at between 12 to 17°C, taking care for gas
evolution. The mixture is stirred at 15 to 25° for 2 to 4 hours which is monitored by (TLC;

: dichloromethane/methanol: 9/1, visualization Bromocresol green). The solvent is removed

5 under reduced pressure at 40 to 45°, dichloromethane (5 vol) is added, stirred for 5 to 15 min
and removed under reduced pressure at 40 to 45°. The process is repeated by adding
dichloromethane (5 vol), stirring for 5 to 15 min and removing under _rcduced pressure at 40

to 45°. Acetonitrile (6.25 vol) is then added to give the title compound in solution,

0 . Example 83a
4-(6-Amino-2,4-dioxo-1,3-dipropyl-1,2,3,4-tetrahydropyrimidin-5-
ylcarbamoyl)bicyclo[2.2.2]octane-1-carboxylic acid methyl ester (VII)
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carboxylic acid methyl ester (V, Example 82) in acetonitile is added to the
- diaminodipropyluracil mixture between 0 to 20°C. The reaction mixture is then warmed to
15 to 25°C and stired for 15 to 20 hours by which time all of the 4-
chlorocarbonylbicyclo[2.2.2]octane- 1-carboxylic acid methyl ester (V) is consumed (TLC;
dichloromethane/methanol, 9/1; visualization Bromocresol green). The reaction mixture is
diluted with water (3.12 vol) and concentrated under reduced pressure at 40 to 45°C (18 to 20
vol of solvent is removed). The concentrate is extracted with ethyl acetate (3 x 6 vol) and the
combined organics are washed sequentially with citric acid (10%, 3 x 3.12 vol), hydrochloric
acid (1M, 2.5 vol), water (3.12 vol), saturated sodium bicarbonate (3.12 vol) and saline (3.12
vol). The mixture is dried over magnesium sulphate (0.75 wt) for 5 to 15 min, filtered,
washed with ethyl acetate (1 vol) and the solvent removed under reduced pressure at 40 to

45°C to give the title compound.

Example 83b
4-(6-Amino-2,4-dioxo-1,3-dipropyl-1,2,3,4-tetrahydro-pyrimidin-5-ylcarbamoyl)-
bicyclo[2.2.2]octane-1-carboxylic acid methyl ester (VII, Step E) B

4-Chlorocarbonylbicyclo{2.2.2]octane- 1 -carboxylic acid methyl ester (V, Example

82, 0.562 kg) is dissolved in dichloromethane (3.55 1) and dimethylformamide (0.014 1) is

" added. Concomitantly oxalyl chloride (0.291 1) is dissolved in dichloromethane {0.355 1) and
the resulting mixture is added to the 4-chlorocarbonylbicyclo[2.2.2]octane-1-carboxylic acid
methy! ester (V, Example 82) mixture at between 12 to 17°C. The mixture is stirred at 15 to
25°C for 2 hours, by which time all of the 4-chlorocarbonylbicyclo[2.2.2]octane-1-carboxylic
acid methyl ester (V, Example 82) is consumed (TLC; dichloromethane/methanol, 9/1;
visualization with Bromocresol green). The solvent is removed under reduced pressure at 40
to 45°, dichloromethane (0.355 1) is add=d, stirred for 5 to 15 min and removed under
reduced pressure at 40 to 45°C. The process is repeated by adding dichloromcthanc (2.831),
stirring for 5to 15 .min and concentrating in vacuo at 40 to 45°C. Acetonitﬁle (3.54 1) is then

added (mixture A). In a separate flask, diaminodipropyluracil hydroéhloridc (V1,0.772 kg)
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(1.77 1), saturated sodium bicarbonate (1.77 I) and saturated saline (1.77 1). The mixture is

dried over magnesium sulfate (0.426 kg) for 5 to 15 min, filtered, washed with ethyl acetate
(0.568 1) and the solvent evaporated under reduced pressure at 40 to 45°C to give the title

compound. .

Example 84a
4-(2,6-Dioxo-1,3-dipropyl-2,3,6 7-tetraydro-lH-purm-8-yl)-blcyclo[2 2 2]octane-l-
carboxylic acid methyl ester (VIII)
4-(6-Amino-2,4-dioxo-1,3-dipropyl-1,2,3 ,4-tetrahydropyrimidin-5-
ylcarbamoyl)bicyclo(2.2.2]octane- 1-carboxylic acid methyl ester (VII, Example 83a, 1 wt)
and isopropanol (4.76 vol).are mixed and stirred under nitrogen. Potassium hydroxidc (2M,

4.76 vol) is added. The title compound is formed but not isolated.

Example 85a _

- 4-(2,6—Dioxo-l,3-dipropyl-2,3,6,7-tetrahydro-IH-purin-8-y|)-bicyclo[2.2.2]octane—l-

cérbox_vlic acid (IX)
4-(2,6-Dioxo-1,3-dipropyl-2,3,6,7-tetraydro- 1 H-purin-8-yl)-bicyclo[2.2.2)octane-1-
carboxylic acid methyl ester (VIII, Example 84a) in the potassium hydroxide environment is
heated at reflux for 2 to 3 hr until complete as measured by NMR. The mixture is then
cooled to 10 to 25°C. Water (11.16 vol) is added followed by toluene (i.25 vol) and the
contents are stirred vigorously for 5 to 15 minutes. The layers are 'separatcd. Toluene (1.25
vol) is added to the aqueous layer and the mixture is stirred vigorously for a'S to 15 minutes.
The layers are separated. Toluene (1.25 vol) is added to the aqueous layer, stirred vigorously
for 5 to 15 minutes and the layers are separated. '.I'he aqueous phase is then cooled to
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bicyclo[2.2.2]octane-1-carboxylic acid methyl ester (V11, Example 83b, 0.760 kg) and

isopropanol (3.62 1) are combined. The mixture is stirred under nitrogen and potassium
hydroxide (2 M, 3.62 1) is added. The contents are heated at reflux for 3 hr (test for reaction
completion by NMR). The mixture is then allowed to cool to 10 to 25°C. Water (8.48 1) is
added followed by toluene (0.95 1) and the contents are stirred vigorously for 5 to 15 minutes.
The layers are separated. Extraction with toluene (0.95 1) is performed two additional times.
The aqueous phase is then cooled to between 0 and 10°C and acidified with concentrated
hydrochloric acid (0.562 1). The mixture is stirred at between 0 and 10°C for 60 minutes.
Solid product is collected by filtration and dried under reduced pressure at 50 to 60°C to give

the title compound. , .

Example 86a
8-(4-Hydroxymethylbicyclo[z.z_.z]oct-l-yl)-l ,3-dipropyl-3,7-dihydropurine-3,6-dione (X,
- Step H)
4-(2,6-Dioxo-1,3-dipropyl-2,3,6,7-tetrahydro-lH-purin-S-yl)-bicyclo[Z.2.2]octane-l-

carboxylic acid (IX, Example 85a, 1 wt) and tctrahydroful;an (11 vol) are mixed under
nitrogen. Borane.tetrahydrofuran complex (1 M) in THF (5.1 vol) is added at such a rate as
to maintain the internal temperature between 10 to 20°. The mixture is stirred at 10 to 20°
for 17 to 20 hours until all of the acid (X) is consumed (TLC, dichloromethane/methanol,

© 9/1, visualization UV then potassium permanganate). Methanol (4.2 vol) is added to the
reaction, prior to heating at reflux for 45 to 75 min. The reaction is cooled to between 15 and
40° and the solvent removed by reduced pressure at 40 to 45°. The residue is partitioned

between ethyl acetate (16.6 vol) and hydrochlori¢ acid (1 M, 2.5 vol) and the aqueous layer is
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washed w1th ethyl acetate (1 vol) and the solvent removed under reduced pressure at 40 to

45° to give the title compound.

Example 86b
8-(4-H'ydroxymethyl-bicyclo[2.2.2]oct-l-yl)-l,3-dipropyl-3,7-dihydropurine-2,6-dione
(X, Step H) .

4-(2,6-Dioxo-1,3-dipropyl-2,3,6,7-tetrahydro- 1 H-purin-8-yl)-bicyclo[2.2.2]octane-1-
carboxylic acid, IX, Example 85b, 0.82 kg) and tetrahydrofuran (9.02 1) are mixed under
nitrogen and borane.tetrahydrofuran complex (1 M) in THF (4.18 1) is added at sﬁch a rate as
to maintain the intemnal temperature between 10 to 20°. The reaction mixture is stirreh at 10
to 20° for 17 hours until all of the starting material is consumed (TLC;
dichloromethane/methanol, 9/1; visualization UV then potassium permanganate). Methanol
(3.44 1) is added to the reaction mixture, and the mixture is heated to reflux for 1*hr. The
reaction is cooled to between 15 and 40° and the solvent removed by reduced pressure at 40
to 45°. The residue is partitioned between ethyl acetate (13.61 1) and hydrochloric acid (1 M,
2.23 1) and the aqueous layer is removed with any undissolved solid material. ‘The mixture is
clarified and the residual organic phase from the filtration of the aqueous layer/solid mixture
is combined with the bulk organic layer. Saturated sodium hydrogen carbonate (2.23 1) is
added and the layers separated, retaining any solids with the aqueous phase. The aqueous
phase/solid mixture is filtered and the residual organic phase from these mother liquors are
combined with the bulk organic layer. The combined organic layers are washed with
saturated saline (2.23 ), the layers are separated and residual solids are retained with the
aqueous phase. The aqueous layer/solid mixture is filtered and organics in the mother liquors
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added, maintaining the intenal temperature below 30°. The temperature is adjusted to 14 to
20° and the reaction mixture is then stirred at 14 to 20° for 16 to 20 hours until complete by
NMR. [f there is any starting alcoho! remaining sulphur trioxide pyridine complex (0.15 wt)
is added and the reaction stirred for a further 2 to 3 hours at 14 to 20°. Ethyl acetate (20 vol)
and hydrochloric acid (1 M, 10 vol) are added to the reaction mixture and stirred vigorously
for 5 to 15 mins. The phases are separated and the organic phase is washed with
hydrochloric acid (1 M, 10 vol). The phases are separated and the organic phase is again
washed with hydrochloric acid (1 M, 10 vol). The phases are separated and the organic
phase is washed with sa!ing: (5 vol), dried over magnesium sulphate (0.5 wt) for 5 to 10 mins
and filtered. The filter cake is washed with ethyl acetate (1 vol). The solvent is removed

under reduced pressure at 40 to 45° to give the title compound.

-

Example 87b
4-(2,6-Dioxo—1,3-dipropyl-2,3,6,7-tetrahydro—lH-purin-8-yl)—bicyclo[Z.Z.Z]octane-l-
carbaldehyde (XI, Step I)

8-(4-Hydroxymethyl-bicyclo[2.2.2]oct-1-yl)-1 ,3-dipropyl-3,7-dihydropurine-2,6-
dione (X, Example 8, 0.440 kg) and dimethy| sulphoxide (1.76 1) are mixed under nitrogen,
stirred for 5 to 15 mins and triethylamine (1.065 1) is added. A mixture of sulphur trioxide
pyridine complex (0.561 kg) in dimethy! sulphoxide (2.64 1) is added, maintaining the
intemal temperature below 30°C. The intemnal temperature is adjusted to 14 to 20°C and the

reaction mixture is stirred at 14 to 20°C for 20 hours. Ethyl acetate (8.80 1) and hydrochloric
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10' 0 10' gy@ihe EoiMerR is evaporated under reduced pressure at 40 to 45° to give the title compound

Example 88
cis/trans-3-[4-(2,6-Dioxo-1,3-dipropyi-2,3,6,7-tetrahydro-1H-purin-8-yl)-
bicyclo[2.2.2]oct-1-yl]acrylic acid methyl ester (XII)

4-(2,6-Dioxo-1,3-dipropy!-2,3,6,7-tetrahydro- 1 H-purin-8-yl)-bicyclo{2.2.2]octane- 1 -
carbaldehyde (XI, Example 872, | wt) and tetrahydrofuran (16.5 vol) are mixed under
nitrogen and methyl(triphenylphosphoranylidene) acetate (1.85 wt) is added. The reaction
mixture is heated to 65 to 75°C and the reaction mixture stirred at this temperature until the
starting aldehyde has been consumed as determined by NMR. The mixture is cooled to 35to
40°C and a solution of lithium hydroxide (0.45 wt) in water (16.5 vol) is added. The mixture
is heated to reflux and the mixture stirred at reflux until the hydrolysis of the ester is
complete (as determined by NMR, typical reaction time 3 to 6 hours). The reaction mixture
is cooled to 35 to 40° and the organic solvent removed in vacuo at 40 to 45°. Ethyl acetate
(10 vol) and water (6 vol) are added to the aqueous residue and the mixture is vigoro;xsly
stirred for 5'to 15 mins. The phases are separatcd and the aqueous phase is washed with
ethyl acetate (2 x 10 vol). The aqueous phase is filtered. The filtrate is cooled to 0 to 5° and
acidified to pH = 1 with concentrated hydrochloric acid (0.90 vol). The mixture is stirred at

0 to 5° for 45 to 75 mins. The resultant slurry is filtered and the filter pad washed with water

(1 vol). The solid is dried in vacuo at 45 to 55° for 16 to 24 hours to give the title compound.

Examples 89
3-[4-(2,6-Dioxo-1,3-dipropyl-2,3,6,7-tetrahydro-1H-purin-8-yl)-bicyclo{2.2.2]oct-1-yl]-
acrylic acid (X111, Steps J and K)

4-(2,6-Dioxo-1,3-dipropyl-2,3,6,7-tetrahydro- 1 H-purin-8-yl)-bicyclo[2.2.2]octane-1-
carbaldehyde (X1, Example 97b, 0.300 kg) and tetrahydrofuran (4.95 1) are mixed under an
atmosphere of ni;rogcn and methyl(triphenylphosphoranylidene) acetate (0.555 kg) is added.

The reaction mixture is heated to 65 to 75° and the reaction mixture stirred at this
-77-
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is heated to reflux and stirred until the hydrolysis of the ester is complete (3 hours). The

reaction mixture is cooled to 35 to 40° and the organic solvent removed in vacuo at 40 to 45°.
Ethyl acetate (3.00 1) and water (1.80 1) are added to the aqueous residue and the mixture is
vigorously stirred for 15 mins. The layers are separated and the aqueous layer 1s washed
with ethyl acetate (2 x 3.00 1). The aqueous layer is filtered, the filtrate is cooled to 0 to 5°
and aqidiﬁcd to pH = 1 with concentrated hydrochloric acid (0.270 I). The mixture is stirred
at 0to 5° for 1 hour. The resultant slurry is filtered and the filter pad washed with water

(0.3001). The solid is dried in vacuo at 45 to 55° for 24 hours to the title compound.

Example 90
3-[4-(2,6-Dioxo-l,3-dipropy[-2,3,6,7—tetrahydro-lH—purin-s-yI)-bicyclo[2.2.2]oct-l-
yl]propionic acid (XIV)

3-[4-(2_,6-Dioxo- 1,3-dipropyl-2,3,6,7-tetrahydro- 1A-purin-8-yl)-bicyclo[2.2.2]oct-1-

yl}-acrylic acid, (XIII, Example 89, 1.934 kg), tetrahydrofuran (11.875 1), water (0.625 1) and
activated charcoal (0.100 kg) are mixed and stirred at 16 to 25° for 30 minutes and then
filtered. The filter cake is washed with THF (0.5001). A separate flask is charged with
palladium on carbon (10%, 0.130 kg) and the filtered tetrahydrofuran/water mixture of the
starting material. The flask is placed under reduced pressure and purged with nitrogen. The
reduced pressure/nitrogen purge is repeated twice. The flask and contents are placed under
reduced pressure and purged twice with hydrogen. The mixture is vigorously stirred under

. an atmosphere of hydrogen at 20°C for 3 hours. The reaction vessel is evacuated and purged
with nitrogen three times. The contents are filtered through celite (0.500 kg) and the filter
cake washed with tetrahydrofuran (2 x 0.500 1). The solvent is removed under reduced
pressure at 40 to 45°. Aqueous acetonitrile (50%, 7.540 1) is added to the residue and the
slurry is aged at 15 to 25°, with stirring, for 3 hours. The slurry is cooled to between 0 and 5°
and filtered. The filter cake is washed with aqueous acetonitrile (50%, 1.93 1), transferred to
drying trays and dried at 50 to 60° under reduced pressure for 24 hours to give the title

compound.

Example 91
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DME. The combined filtrates are transferred to a two liter round-bottomed flask and cooled
to -5°C. An aqueous solution of sodium borohydride (7.02 g, 185 mmol), in 75 ml water is
added over about | minute (CAUTION: massive evolution of gas). After 10 minutes, the
reaction mixture is diluted with water (100 ml) a_nd extracted with ethyl acetate (3 x 250 m! ).
The combined organic layers are washed with saline (150 ml x 3), dried over anhydrous

sodium sulfate and concentrated to give the title compound.

- Example 92
4-Hydtoxymethylbicyclo{2.2.2]octane-1-carboxylic acid (XVII, Step N)

Lithium hydroxide (2 N, 250 ml) is added to a mixture of 4-hydroxymethy!-
bicyclo[2.2.2]octane-1-carboxylic acid methyl ester (X VI, Example 91) in a mixture of THF
(50 ml) and methanol (75 ml). The resulting reaction mixture is stirred at 20-25° for 16 hr,
and then concentrated. The residue i is diluted with water (30 ml) and washed with methylene
chloride (100 ml) and ethy! acetate (100 ml). The aqueous layer is acidified with
concentrated hydrochloric acid pH about 0 and extracted with ethy! acetate (3 x 250 ml).
The ethyl acetate layers are combined and washed with saline (3 x 50 ml), dried over
anhydrous sodium sulfate and concentrated to give the title compound, NMR (400 MHz,

- CDCl3) & 3.09, 1.72 and 1.29.

Example 93

4-Hydroxymethylbicyclo[2.2.2)octane-1-carboxylic acid benzyl ester (XVIII, Step O)
4-Hydroxymethylbicyclo[2.2.2]octane-1-carboxylic acid (XV II, Example 14,24.8 g
135 mmol) is dissolved in DMF (950 ml). Anhydrous potassium carbonate (25 g, 181 mmol)
is added to the solution s!owly. Benzyl bromide (22 g, 12.94 mmol) is then added. The
reaction mixture is heated at 80° for 16 hr. .To the reaction mixture is added water (150 ml)

and concentrated to give an oil, which was dissolved in ethyl acetate/hexane (5/1, 500 ml).
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Example 94

4-Formylbicyclo[2.2.2]octane-1-carboxylic acid benzyl ester (XIX, Step P)

Oxalyl chloride (COCI); (16.5 ml, 188 mmol) in methylene chloride (150 ml) is
cooled to -63°. DMSO (18 ml, 362 mmol) is then added dropwise. The resulting mixture is
stirred for 30 minutes and then a mixture of 4-hydroxymethylbicyclo[2.2.2]octane-1-
carboxylic-acid benzyl ester (XVIII, Example 93, 34.5 g, 125 mmol) in methylene chloride
(100 ml) is added over 15 minutes. After another 30 minutes, triethylethylamine (70 ml, 502
mmol)vin methylene chloride (30 ml) is added over 25 minutes. (Extra Caution: extremely
exothermic reaction when the first equivalent of the triethylamine is added.) The reaction
mixture then stirred for another 45 minutes and the cooling bath is removed and allowed to
warm up to 20-25°. Water (50 ml) is added and the organic layer is separated, dried over
anhydrous sodium sulfate and concentrated to give the title compound, NMR (400 MHz,
CDCly) 89.51,7.32, 5.11, 1.88 and 1.64. '

Example 95
cis/trans-4-(2-Methoxycarbonylvinyl)bicyclo[2.2.2]octane-1-carboxylic acid benzyl ester
(XX, Step Q) )

Methy! (triphenylphosphoranylidene) acetate (60.2 g, 173 mmol) is added to a stirred
solution of 4-formylbicyclo[2.2.2]octane-1-carboxylic acid benzyl ester (XIX, Example 94,
33.5 g, 123.2 mmol) in THF (550 ml). This mixture is then heated to gently reflux for 16 hr.
The reaction mixture is cooled to 20-25° and to this is added saturated ammonium chloride
(75 ml) and stirred for 10 minutes. Ethyl acetate (250 ml) and isomeric hexanes (300 ml) are
added and stirred for 10 minutes. The resulting mixture is filtered through a plug of silica gel
(850 g) with a thin layer of celite on the top. The solid is washed with ethy! acetate/hexane
(1/1, 250 ml). The filtrates are combined and concentrated to give the title compound, NMR
(400 MHz, CDCl3) & 7.24,6.81, 5.59, 5.01, 3.63, 1.81 and 1.48.
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10944& () -\ >d EdWR- ethoxycarbony-vmyl) bicyclo[2.2.2]octane- 1-carboxylic aci benzyl ester
(XX, Example 95, 35 g, 106.6 mmol) is dissolved in ethyl alcohol/water (9/1, 300 ml) and is
placed in a Porter pressure bottle. Palladium on carbon (10%, 5 g) is added and the mixture
is hydrogenated (65 psi) for 48 hr. The reaction mixture is filtered through a pad of celite
and the combined filtrates were concentrated to give the title compound, NMR (400 MHz,

CDCl;) 6 3.58, 2.18, 1.74, 1.44 and 1.38.

Example 97
3-(4-Chlorocarbonylbicyclo{2.2.2]oct-1-yl) propionic acid methyl ester (XXII, Step S)

Oxalyl chloride (794 mg, 6.25 mmol) in methylene chloride (Sml) plus a drop of
DMF is slowly added to a mixture of 4-(2-methokycarbonyethyl)-bicyclo[2.2.2]octane- l-
carboicyiic acid (XXI, Examplc 96,1.2 g, 5 mmol) in methylene chloride (20 ml). The
reaction mixture is stirred for 2 hr and concentrated to give the title compound, NMR (400
MHz, CDCl3) & 3.66, 2.29, 1.95, 1.54 and 1.46.

Example 98
3- [4-(6-Am|no-2 4-dioxo-1,3-dipropyl-1,2,3,4-tetraydropyrimidin-5-

ylcarbamoyl)blcyclolz 2 2]oct- -yl]propionic acid methyl ester (XXIII, Step T)

To a suspension of 5,6-diamino-1,3-dipropy! uracil hydrochloride (1.45 g, 5.5 mmol)
in methylene chloride (15 ml) is added triethylamine (2.6 mli, 18.7 mmol) slowly at -10° in an
ice bath and to this ias added a mixtue of 3-(4-chlorocarbonyi-bicyclo[2.2.2]oct-1-y1)-
propionic acid methyl ester (XXII, Example 97,1.3 g, 5 mmol) also in methylene chloride (5
ml) over a period of 10 minutes. The reaction is then warmed to 20-25° and the stirming is
continued for another 16 hrs. Water (2 ml) is added to the reaction mixture which is then
concentrated. The concentrate is dissolved in ethyl acetate (20 ml) and is washed with citric
acid (5% citric acid, 2 x 10 ml), saline (10 ml), dried over anhydrous sodium sulfate and

_concentrated to give the title compound, NMR (400 MHz, CDCl,) § 7.40, 5.46, 3.81, 3.59,
2.21, 1.8, 1.67, 1.62, 1.52, 1.46, 0.99 and 0.92.

Example 99
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103" "10%&' ()-' LF10%&' ()-  s10%' ()- ~ 109& ()-f109%& ()- "10%& ()- CQdEuUV7
103" L+g10%& () - 3L##10%&' ()-Y9!'S 109& ()- °f

, 109 ()-"!109%& ()- @O%& ()-9#2dEuV7 103"" f8Y10%& () 96-

1098 ()-,5@0% ()- 3"10%&' ()-110%& ()-L+gl0%&' ()-3 ~ @ 12 MAY 2004
10sS10% o& ()-s‘ 10% o&' ()-10% o0& ()-!z#10% o' 0& () - 10 10

10, : 109%&' () -"pYdE~_@ 10##10% & () - ##10% & () - ##10% 0& ()-3"210% o0& () -

f10% o0& 193! 10% o0& () -
7%8(V 0& é;); (2%8%\?9'3 dY&*agxl ,§sboPéﬁra61xa#olPP{w?pL(rln 8N p%eytth£25904:11

10° L#100/«&11@)repmn#1@mn(e;hy1 mm@exl(\j Step&) () - ! Ls#10%&' () - Ls#10%h& ()- 5bC

% % Y& f 810%& AdEbC 10
10% g () - b16% BEATPEABLILE34 S tievory e ror o) h oG
10% & ( ”%9*%21”3“&51“&8?1%@%%?"?‘5’*’ Poea TN RS e (- 10

converted to the free acid in Example 100 as part of a one pot procedure.

Example 100
3-[4-(2,6-Dioxo-1,3-dipropyl-2,3,6,7-tetrahydro-1H-purin-8-yl)-bicyclo{2.2.2]oct-1-
yljpropionic acid (XIV, Step V)

3-[4~(6-Amino-2,4-dioxo-1,3-dipropyl-1,2,3,4-tetraydropyrimidin-5-
ylcarbamoyl)bicyclo[2.2.2]oct-1-yl]propionic acid methy! ester (XXIII, Example 98, 1.95 g,
4.35 mmol) is dissolved in 2-propanol (15 ml) and potassium hydroxide (2N, 15 ml) is
added. The resulting mixture is heéted to slightly refluxing for an hour and then is cooled to
20-25°C. Water (15 ml) is added and the mixture is washed with methylene chloride (3 x 15
ml). The aqueous layer is acidiﬁcd. to pH about 2 with concentrated hydrochloric acid. The
precipitate is collected by filtration and dried in a vacuum oven for 16 hr to give the title

compound, HPLC analysis showed the purity was > 96%.

Example 101
cis/trans-1-(2-lodoethyl)-cyclobexane-1,4-dicarboxylic acid dimethyl ester (XkV)

A mixture of cis/trans—1-(2-chloroethyl)-cyclohexane-1,4-dicarboxylic acid dimethy!
ester (II Example 79, 8.1 mmol, 2.12 g), sodium iodide (8.88 mmol, 1.33 g) and THF (20 ml)

. are stirred and refluxed 6 hr. The mixture is cooled to 20-25°, diluted with hexanes (50 ml)

‘ and washed with water (2 x 25 ml). The combined aqueous washes are extracted with
hexanes (1 x 25 ml). The combined organic extracts are washed with water (25 ml) to which
has been added a few drops of saturated Na,S,0; solution and saline (1 x 25 ml) and dried
over fnagmsium sulfate. Suction filtration and concentration under reduced pressure gives
the title compound, CMR (CDCl;) 6 1.99, 25.71, 25.80, 33.09, 42.'00, 44.03, 46.09, 52.19,
52.7,67.72, 175.25 and 175.64.

Exampie 102
Bicyclo{2.2.2]octane-1,4-dicarboxylic acid dimethyl ester (III)
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ester (XXV, Example 101, 2.14 g, 6.04 mmol) in THF (20 ml) and TMU (2.9 ml, 24.16
mmol) is added at -78° a solution of LDA (from 1.02 ml diisoproylamine and 4.16 ml 1.6 M
n-butyllithium) in THF (9 ml). The reaction is stirred with gradual warming to 20-25°,
Hydrochloric acid (3N, 20 ml) is added and briskly stirred 10 min. The THF is removed
under reduced pressure and the resulting aqueous residue is extracted with hexanes (2x 20
ml). The combined organic extracts are washed with hydrochloric acid (3N, 2x20mb),
water (1 x 10 ml), saturated sodium bicarbonate (2 x 10 ml) and saline (1 x 10 ml) and dnied
over magnesium sulfate. Suction filtration and concentration under reduced pressure gives

the title compound, NMR (CDCl;) & 1.78 and 3.6; CMR (CDCl;) § 27.99, 39.98,53.12 and

177.62.

Example 103
4-(Hydroxymethyl-b|cyclo[2 2.2]oct-1-y[)-1,3- dlpropyl-z 6-purine-dione (XXVI, Steps Y
and Z)

4-(6-Amino-2,4-dioxo-1,3-dipropyl-1 12,3,4-tetrahydro-pyrimidin-5-ylcarbamoyl)-
bicyclo[2.2.2]octane-1-carboxylic acid methy! ester (VII, Example 83, 0.500 .g) is dissolved
in THF (10 ml) and placed under nitrogen. At 25°C, lithium borohydride (0.052 g) is added
and the mixture is stirred at reflux for 2 hours. The solvent is removed under reduced
pressure. To the crude product is added potassium hydroxide (1 M, 3.57 ml) and isopropanol

(4 ml). The mixture is brought to reflux for 1 hour to give the title compound.

Example 104
3-[4-(2,6—Dioxo—1,3-dipropyl-2,3,6,7-tetrahydro-lH-purin-8-yl)-bicyclo[2.2.2]oct-l-yl)-

acrylic acid (XII, Steps AA and BB)
4-,(2,6-Dioxo-l,3-dipropyl-2,3,6,7-tetrahydro-lH—purin-8-yl)—bicyclo[2.2.2]octanc-1-
carbaldehyde (XI, Example 9, 0.490 g, 1.32 mmol) is added to a mixture of malonic acid
(0.275 g, 2.64 mmol), pyridine (2 ml), and piperidine (1 drop). The mixture is heated to 100°
for 16 hours. Four additional equivalents of malonic acid are added and heating continued

for another 16 hours until consumption of aldehyde ceases, to give the title compound.

Example 105
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bicyclo[2.2.2]oct-1-yl]acrylic acid ethyl ester (XII) is obtained by an aldol reaction between

aldehyde (XI) (1 equivalent) and ethyl acetate (4.7 equivalents) in the presence of a strong

base such as sodium ethoxide (1.2 equivalents).

Example 106
Methanesulfonic acid 4-(2,6-dioxo-l,3-dipropyl-2,3,6,7-tetrahydro-l H-purin-8-yl)-

bicyclo[2.2.2]oct-1-yimethyl ester (XL)

To a mixture of 8-(4-hydroxymethylbicyclo[2.2.2]oct-l-yl)-1,3-dipropyl-3.7-
dihydropurine-2,6-dione (X, Example 86) in pyridine at 0° is added methanesulfonyl
chloride (1.2 equivalents) in pyn'dine. .Thc mixture is stirred at 0° until complete conversion

is achieved and then the solvent removed under reduced pressure,

Example 107
2-[4-(2,6-Dioxo-1,3-dipropyl-2,3,6,7-tetrabydro-1H-purin-8-yl)—bicyclo[2.2,2]oct-l-
ylmethyl}-malonic acid dimethyl ester (XLI)

Methanesuifonic acid 4-(2,6-dioxo-1,3-dipropyi-2,3,6,7-tetrahydro- 1H-pufin-8-yl)-
bicyclo[2.2.2]oct-1-yimethyl ester (XL, Example 106) is reacted with the anion of dimethyl

malonate (formed from the reaction of 1 equivalent of dimethyl malonate with 1.25

equivalents of sodium hydride or similar base in THF) at 20-25° gives the title compound.

Example 108
3-[4-(2,6—Dioxo—1,3-dipropyl-2,3,6,7-tetrahydro—1H-purin-8-yl)-bicyclo[2.2.2]oct—l-yl]-
propionic acid methyl ester (XXXV)

Hydrolysis of 2-[4-(2,6-dioxo-1,3-dipropyl-2,3,6,7-tetrahydro-l H-purin-8-yl)-
bicyclo[2.2.2]oct-1-ylmethylJmalonic acid dimethyl ester (XL, Example 107) with

hydroxide at elevated temperature gives the title compound.

Example 109
Bicyclo[2.2.2}octane-1,4-dicarboxylic acid &imethyl ester (IIT)
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and refluxed 6 hr. The mixture is cooled 10 20-25°, TMU (30.52 mmol, 3.65 ml) is added

and the mixture cooled to -78°C. To the cold mixture is added a solution of LDA (from 1.28
mi diisoproylamine and 5.25 ml 1.6 M n-butyllithium) in THF (11 ml). The reaction is
stirred with gradual warming to 20-25°C. Hydrochloric acid (3N, 20 ml) is added and
briskly stirred 10 min. The THF is removed under reduced pressure and the resulting
aqueous residue is extracted with hexanes (2 x 20 ml). The combined organic extracts are
washed with hydrochloric acid (3N, 2 x 20 ml), water (1 x 10 ml), saturated sodium _
bicarbonate (2 x 10 ml) and saline (1 x 10 ml) and dried over magnesium sulfate. Suction

filtration and concentration under reduced pressure gives the title compound.

Examgle 110
Bicyclo[2.2.2)octane-1,4-dicarboxylic acid dimethyl ester (II1, Step TT)

- To a stirred solution of diisopropylamine (84.5 ml, 600 mmol) in THF (anhydrous, 700
ml) cooled to —=30°C under nitrogen is added n-butyl lithium (2.5 M in hexane, 220 m], 550
mmol) by a syringe. The misture is stirred for 30 min at —30°C and then cooled to —-78°C.
HMPA (360 ml, 4 equivalents, 2 mol) is added by a syringe and a dolution of dimethyl
cyclohcxanc-l,4-dicarboxylatc (100 g, 500 mmol) in THF (anhydrous, 100 m! is'added by a
syringé subsequently. The mixture is stirred for an additional 40 min. Then 1-bromo-2-
chioroethane (41.5 m!, 500 mmol) is added and the mixture stirred at —=78°C for an additional
20 min. The cold bath is removed and stirring is continued for 1 hr. The reaction mixture is
cooled béck to —78° and a mixture of HMPA (360 ml, 4 eq, 2 mol) in THF 600 ml) is added.
By cannula, freshly prepared LDA (200 ml of n-butyl lithium, 2.5 M in hexane, 500 mmol is

-added to diisopropylamine (78 ml, 556 mmol) in THF (anhydrous, 700 ml)) is transferred
into the reaction mixture at -78°. The reaction mixture is stirred at —78° for 1.33 hr followed
by removal of the cooling bath and additional stirring for 5-6 hr. The mixture is quenched
with saturated aqueous ammonium chloride (400 ml) and concentratzd under reduced
pressure at 35° to remove the THF. The residue is diluted with water (800 ml) and extracted
with hexance (3 x 600 m]). The combined extracts are washed with saline (700 ml) and dried
over sodium sulfate. Using a bath temperature of 35° the solvents are are removed under

reduced prcss{xrc to give a residue. The residue is stirred with hexane (50 ml) at 20-25° for
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Example 111

Assay Methodology

One hundred eighty-four xanthine derivatives were brepared, having the structures
indicated in FIG. 2. For some of these compounds, the K; values for rat and human
adenosine A reccptoré and for human adenosine Ay, receptors were determined according to
the following binding assay protocol. The ratio Aj,/A, was also calculated.
Materials

Adenosine deaminase and HEPES were purchased from Sigma (St. Louis, MO).
Ham’s F-12 cell culture medium and fetal bovine serum were purchased from GIBCO Life
Technologies (Gaithersburg, MD). Antibiotic G-418, Falcon 150 mM culture plates and .
Costar 12-well culture plates were purchased from Fisher (Pittsburgh, PA). [’H]CPX was
purchased from DuPont-New England Nuclear Research Products (Boston, MA).
Penicillin/streptomycin antibiotic mixture was purchased from Mediatech (Washington, DC).
The composition of HEPES-buffered Hank’s solution was: 130 mM NaCl, 5.0 mM Cl, 1.5
mM CaCl;, 0.41 .mM MgS0,, 0.49 mM Na,HPOQ,, 0.44 mM KH,PO,, 5.6 mM dextrose, and
5 mM HEPES (pH 7.4).

Membrane preparation

Rat A; Receptor: Membranes were prepared from rat cerebral cortex isolated from
freshly euthanized rats. Tissues were homogenized in buffer A (10 mM EDTA, 10 mM Na-
 HEPES, pH 7.4) supplemented with protease inhibitors (10 pg/ml benzamidine, 100 uM
' PMSF, and 2 ug/ml each of aprotinin, pepstatin a.nd leupeptin), and centrifuged at 20,000 x g
for 20 min. Pellets were resuspended and washed twice with buffer HE (10 mM Na-HEPES,
| mM EDTA, pH 7.4, plus protease inhibitors). Final pellets were resuspended in buffer HE,
suppicmcntcd with 10% (w/v) sucrose and protease inhibitors, and frozen in aliquots at -
80°C. Protein concentrations were measured using BCA protein assay kit (Pierce).
Human A; Receptor: Human Al adenosine receptor cDNA was obtained by RT-
PCR and subcloned into pcDNA3.1(Invitrogen). Stable transfection of CHO-K1 cells was
performed using LIPOFECTAMINE-PLUS (GIBCO-BRL) and colonies were selected in 1

mg/ml G418, and screened using radioligand binding assays. For membrane preparations,
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: Membranes (50ug membrane protein for rat A1ARs, and 25ug of CHO-K 1
membrane protein for human AlARs), radioligands and varying concentrations of competing
ligands were incubated in triplicates in 0.1 m! buffer HE plus 2 units/ml adenosine deaminase
for 2.5 hat 21°C. Radioligand [JH]DPCPX (112 Ci/mmo} from NEN, final
concentration: InM) was used for competition binding assays on A|ARs. Nonspecific
binding was measured in the presence of 10 uM BG9719. Binding assays were terminated
by filtration over Whatman GF/C glass fiber filters using a BRANDEL cell harvester. Filters
were rinsed three times with 3-4 ml ice-cold 10 mM Tris-HCl, pH 7.4 and 5 mM MgCl; at
4°C. Filter paper was transferred to a vial, and 3ml of scintillation cocktail ScintiVersell
(Fisher)was added. Radioactivity was counted in a Wallac B-counter.

Analysis of binding data

For K, Determinations: Competition binding data were fit to a single-site binding
model and plotted using Prizm GraphPad. Cheng-Prusoff equation K = ICsy/(1+[I}/Kp) was
used to calculate K, values from ICso values, where K, is the affinity constant for the
competing ligand, [I] is the concentration of the free radioligand, and Kp is the affinity
constant for the radioligand.

For % Binding: For one-point binding assays, data were presented as % of total

© specific binding at 1uM of competing compound: % of total =100* (Specific binding with
1 uM of competing compound/ total specific binding).
Results

All of the compounds tested exhibited rat A, K; values between 0.6 and 433.8 nM,
human A, K; values between 1.6 and 1000 nM, and human A,, K; values between 132 and
49930 nM. All of the compounds had A,,/A, ratios greater than 10, most greater than 20,
many greater than 50, and some greater than 100. At least one compound had a Ay /A ratio

greater than 1000.

Example 112
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CHO cells stably expressing the recombinant human A;AdoR (CHO:A ;AdoR cells)
were prepared as described (Kollias-Barker et al., J. Pharma. Exp. Ther. 281(2), 761, 1997)
and cultured as for CHO:Wild cells. CHO cells were cultured as monolayers on plastic
dishes in Ham’s F-12 medium supplemented with 10% fetal bovine serum, 100 U penicillin
G and 100 pg streptomycin in a humidified atmosphere of 5% C0,/95% air at 37°C. The
density of [JI-f]CPX binding sites in CHO cells was 26 + 2 (n=4) fmol/mg protein. Cells
were subcultured twice weekly after detachment using 1 mM EDTA in Ca®*-Mg**-free
HEPES-buffered Hank's solu;ion. Three different clones of CHO:A;AdoR cells were used
for expcrimehts, and all results were confirmed with cells from two or three clones. The
density of AjAdoRs in these cells was 4000-8000 fmol/mg protein, as determined by assay of
[’H]CPX specific binding.
Radioligand Binding
CHO cells grown on 150 mm culture dishes were rinsed with HEPES-buffered
Hank's solution, then removed with a cell scraper and homogenized in ice-cold 50 mM Tris-
HC], pH 7.4. Cell membranes were pelleted by centrifugation of the cell homogenate at
48,000 X g for 15 minutes. The membrane pellet was washed twice by resuspension in fresh’
buffer and centrifugation. The final pellet was resuspended in a small volume of 50 mM
Tris-HCI, pH 7.4, and stored in aliquots of 1 ml at -80°C until used for assays.
' To determine the density of AjAdoRs in CHO cell membranes, 100 pl aliquots of
" membranes (5 pg protein) were incubated for 2 hours at 25°C with 0.15-20 nM [JH]CPX and
adenosine deaminase (2 U/ml) in 100 pl of 50 mM Tris-HCI, pH 7.4. Incubations were
terminated by dilution with 4 ml of ice-cold 50 mM Tris-HCI buffer and immediate
collection of membranes onto glass-fiber filters (Schleicher and Schuell, Keene, NH) by
vacuum filtration (Brandel, Gaithersburg, MD). Filters were washed quickly three times
with ice-cold buffer to remove unbound radioligand. Filter discs containing trapped
membranes bound radioligand were placed in 4 ml of Scintiverse BD (Fisher), and the
radioactivity was quantified using a liquid scintillation counter. To determine nohspcciﬁc

binding of [JH]CPX. membranes were incubated as described above and 10 uM CPT was
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by subtracting nonspecific binding from total binding. Nonspecific binding was found to
increase linearly with an increase of [JH]CPX concentration. Triplicate assays were done at
each tested concentration of [’HJCPX.
To determine the affinities of antagonists of A;AdoRs for the human recombinant
A;AdoR expressed in CHO cells, binding of 2 nM [JH]CPX in the presence of increasing
concentrations of antagonist was measured. Aliquots of CHO cell membranes (100 pl: 5 ug
protein), [JHjCPX, antagonist (0.1 nM - 100 uM), and adenosine deaminase (2 U/ml) were
incubated for 3 hours at 25° C in 200 pl of 50 mM Tris-HCI buffer (pH 7.4). Assays were
terminated as described above.
Data Analysis

Binding parameters (i.e., Bmx, Kq, ICs0, Ki, and Hill coefficients) were determined

using the radioligand binding analysis program LIGAND 4.0 (Elsevier-Biosoft).

Other Embodiments

It is to be understood that while the invention has been described in conjunction with
the detailed description thereof, the foregoing description is intended to illustrate and not
limit the scope of the invention, which is defined by the scope of the appended claims. Other

aspects, advantages, and modifications are within the scope of the following claims.
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10z<10% & ()-Y: 10%& ()-2#10%& ()-]cdEb@ 10 10 1! 10%& ()- 10%& () -

1109&' ()-Lnt109%& ()- f 10%& ()- Y3"10%& ()-eYdEb@ 10 10
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What is claimed is:

1 1. A compound comprising the formula:
2
il Re
el J
N
)\ I />—z Rs
X5 N N

: ) ,

4

5

6 wherein R, and R; are independently selected from the group consisting of:

7 a) hydrogen;

8 b) alkyl, alkenyl of not less than 3 carbons, or alkynyl of not less than 3 carbons;

9 wherein said alkyl, alkenyl, or alkynyl is either unsubstituted or functionalized with one or
10 more substituents selected from the group consisting of hydroxy, alkoxy, amino, alkylamino,
1. dialkylamino, heterocyclyl, acylamino, alkylsulfonylamine, and heterocyclylcarbonylamino;
12 and
13 ¢) aryl or substituted aryl;

14 Rs is a bicyclic, tricyclic or pentacyclic group selected from the group consisting of:
15




10 1! 4109 ()-L3109% ()- @109 ()- &Oy109%& ()-."109%& ()-,109%& ()- ~\= 10
10" 10967& ()-y!"10967T& () - y#f 10967& ()- 10 10 10y;

109 ()-14, 810% ()-W]"_k}oas4 10#10%¢& ()- 10G G 10G G 10G G2 @AM G
& ()- 1 h@10%T& () - @109T& ()-" 109T& ()-k9 @S4 10##10%& ()- s

"109%Kk& ()- !'."10%z& ()- "10%& ()- 10%& ()- 10%& ()-Np"SH= 10 10z 10z
17 wherein the bicyclic or tricyclic group is either unsubstituted or functionalized with one ot
18 more substituents selected from the group consisting of:

19 (2) alkyl, alkenyl, and alkynyl; whereiri each alkyl, alkenyl, or alkynyl group is either
20 unsubstituted or functionalized with one or more substituents selected from the
21 group consisting of (amino)(Rs)acylhydrazinylcarbonyl,
22 (amino)(Rs)acyloxycarboxy, (hydroxy)(carboalkoxy)alkylcarbamoyl, acyloxy,
23 aldehydo, alkenylsulfonylamino, alkoxy, alkoxycarbonyl, alkylaminoalkylamino,
24 alkylphosphono, alkylsulfonylamino, carbamoyl, Rs, Rs-alkoxy, Rs-alkylamino,
25 cyano, cyanoalkylcarbamoyl, cycloalkylamino, dialkylamino,
26 dialicylaminoalkylamino, dialkylphosphono, haloalkylsulfonylamino,
27 heterocyclylalkylamino, heterocyclylcarbamoyl, hydroxy,
28 hydroxyalkylsulfonylamino, oximino, phosphono, substituted aralkylamino,
29 substituted arylcarboxyalkoxycarbonyl, substituted heteroarylsulfonylamino,
30 substituted heterocyclyl, thiocarbamoyl, and triflucromethyl; and
31 (b) (alkoxycarbonylarallkylcarbamoyl, aldshydo, alkenoxy, aH(enylsquonylarflirlo,
32 alkoxy, alkoxycarbonyl, alkylcarbamoyl, alkoxycarbonylaming,
33 alkylsulfonylamino, alkylsulfonyloxy, amino, aminoalkylaralkylcarbamoyl,

34 aminoalkylcarbamoyl, aminoalkylheterocyclylalkylcarbamoyl,
35 aminocycloalkylalkylcycloalkylcarbamoy), aminocycloalkylcarbamoyl,
36 aralkoxycarbonylamino, arylheterocyelyl, aryloxy, arylsulfonylamino,
37 arylsulfonyloxy, carbamoyl, carbonyl, -Rs, Rs-alkoxy, Rs-alkyl(alkyl)amino, Rs-
38 alkylalkylcarbamoyl, Rs-alkylamino, Rs-alkylcarbamoyl, Rs-alkylsulfonyl, Rs-
39 alkylsulfonylamino, Rs-alkylthio, Rs-heterocyclylcarbonyl, cyano,
40 cycloalkylamino, dialkylaminoalkylcarbamoyl, halogen, heterocyclyl,
41 heterocyclylalkylamino, hydroxy, oximino, phosphate, substituted aralkylamino,
42 - substituted heterocyclyl, substituted heterocyclylsulfonylamino,
43 sulfoxyacylamino, and thiocarbamoyl;
44 Ry is selected from the group consisting of hydrogen, C).4-alkyl, Ci4-alkyl-CO-H, and
45 phenyl, wherein the C,.4-alkyl, Ci4-alkyl-CO,H, and phenyl groups are either unsubstituted
46 or functionalized with one to three substituents selected from the group consisting of
47_ halogen, -OH, -OMe, -NH,, NO,, benzyl, and benzyl functionalized with one to three
48

substituents selected from the group consisting of halogen, -OH, -OMe, -NHj, and -NO5;

-01-



102S@ 10%8& ()-! (#10% 2° & () - (#10%& ()-! " #10%uUg& ()-s#10%28& ()-s"N dESH=
10 1(()%10%' (§?93&' 109 ()-93G' 10%&' ()-!10% ()- 10%& () - #@0%&! z ?‘%E%Eslo
102) &10% () - &@Z" 109 () -! 109%: ()- & "10%&' () -& "10% ()- & " 10%: |

10 10&3! 10% () - &1! 109 () - 010% ()- & 109 ()-L- 109 ()-! @+ 109%: ()- e S
10 10 " 3"10%& ()-° 3" 10% ()-#, 10% ()-101010 : 10% ()-, & 5" 10% ()- Co}~<e
10! LF" #109%&' () - LF" #109%&' () -1 L@10%' () - L@10% & () - L@L0%& ()-! 3" 10%& ()-Y
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1% () S flireon %@&%o&meé%’/%é EFORLBI6F Lo, onensoce,

ok o O OO A PRI LR L 67 10 1
10 &Ot(%)f 'jﬂg?{@&&%ﬁ /s’ﬁ'“% 1Ha, K30 I(I§OiNIQGDB®%JP@JH) --OSEQHY 109&4& () -
52 -PO(OH)Ry, -PO3Hz, -SO3H, -SO,NHRy, -SO;NHCORy, -SO;NHCONHCO,R,, and the
53 following:
54
HO,

55 ;
56 X and X; are independently selected from the group consisting of O and S;
37 Z is selected from the group consisting of a single bond, -O-, -(CH3);.3+, “O(CHz)15-,
58 -CH,0OCH;-, «(CH2)1:20-, -CH=CHCHj-, -CH=CH-, and -CH,CH=CH-: and
59 R is selected from the group consisting of hydrogen, alkyl, acyl, alkylsufonyl, aralkyl,
60 substituted aralkyl, substituted alkyl, and heterocyclyl.
1 2. The compound of claim 1, wherein the compound is in & form selected from
2 the group consisting of an achiral compound, a racemate, an optically active compound, a
3 pure diastereomer, a mixture of diastereomers, and a pharmacologically acceptable addition
4 salt,
1 3. The compound of claim 1, wherein R; and R, are sach alkyl groups.
1 - 4, The compound of claim 1, wherein R, and R, are each n-propyl,
s. The compound of claim 1, wherein R, is n-propyl and R is selected from the
2 group consisting of aralkyl substituted with -OH, -OMe, or -halogen; methyl; and 3-
hydroxypropyl.
1 6. The compound of claim 4, wherein Z is a sin gle bond.
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2 T

and wherein Ry is either unsubstituted or functionalized with one or more substituents

4 selected from the group consisting of hydroxy, Rs-, and Rs-alkenyl.

1 8. The compound of claim 7, wherein the compound is 5-(2,6-Dioxo-1,3-

2 diprOpyl—Z,3,6,7—tetra.hydro~lH-purin—S-yl)-bicyclo[3 -2.1]octane-1-carboxylic acid,

1 9. The compound of claim 7, wherein the compound is 8-(4-Hydroxy-

2 bicyclo[3.2.1]oct-1-yI)- 1,3-dipropyl-3,7-dihydro-purine-2,6-dione.

1 10.  The compound of cJaim 7, wherein the compound js 5- -(2.6-Dioxo-1,3-

2 dipropyl-2,3, 6 ,7-tetrahydro-1H-purin-§ -yl)-b1cyclo[3 2.1]octane-2-carboxylic acid.

1 11.  The compound of claim 6, wherein R; is

2 Wi,

3 and wherein Rj is either unsubstituted or functionalized with one or more substituents
4 selected from the group consisting of hydroxy, Rs-alkyl, -Rs, Rs-alkenyl, alkoxycarbonyl,
5 alkoxycarbonylalkyl, alkoxycarbonylalkenyl, hydroxyalkyl, aldehydo, alkoxyalkyl, Rs-

6

alkoxy, phosphate, Rs-alkylcarbamoyl, and Rs-alkyl(alkyl)carbamoyl.

1 12, The compound of claim 11, wherein the compound is 8-(4-Hydroxy-

2 bicyclo[2.2.2]oct-1-yl)-1,3-dipr0pyl-3,7—dihydro-purine-2,6-dionc.

| 13, The compound of claim 11, wherein the compound is 4-(2,6-Dioxo-1,3-
2 dipmpyl-Z,B,6,7-tetrahydro-IH-purin-s-yl)-bicyclo[2.2.2]octane- l-carboxylic acid.

1 14, The compound of claim 11, wherein the compound is 4-(2,6-Dioxo-1,3-
2

dipr0py1-2,3,6,7-tetrahydro-IH-purin-S-yl)-bicyclo [2.2.2]octane-1-carbaldehyde.
_93_



$810%& ()-G $&L0% ()-G c&L$&L0N& () -G ) $&10% () - G bx ?C3UBELO%E! () - G
$&10%& 8 G c&S810%&! () -G $&10% ()-G c8S&I0% () - G bef ) "FC3% 8$81 R gfgy G
$810% ()- G c&$&10%& ()- G $&10%& () -G c&U& 9t S2C fy2810%04& ()- '~
fy2810%' & ()- fy2810% %& ()- $&10% ()-G CEE$EI0%E ()-G ) $&L0% ()-G vUA
f,49%0%$: & ()- f,4%0%"' & ()- f$,10% :& ()-10e' 10¢' 10e' f:10%" & ()-
fy2810% &8 ()- . 2 B\  {ZOvU4  tSES10%HE ()- SE$10%! & ()-

S&$10%. () -! b0S&$10%6666&' ()- fS&P10% : & ()- f,4%A0% & & () -

15. The compound of claim 11, wherein the compound is 4(2,6-Dioxo-~1,3-
2 dipropyl-2,3,6,7-tetrahydro-1H-purin-8-yl)-bicyclo[2.2.2] octane-1-carboxylic acid methyl
ester.

16.  The compound of claim 11, wherein the compound is 3-[4-(2,6-Dioxo-1,3-

2 dipropyl-2,3,6,7-tetrahydro-1H-purin-8-yl)-bicyclo[2.2.2]oct-1-y1]-acrylic acid methyl ester.
1 17. The compound of claim 11, wherein the compound is 3-[4-(2,6-Dioxo-1,3~

2 dipropy1-2,3,6,7-tetrahydro-'1H—purin-S-yl)~bicycIo[2.2.2]oct-l-yl]—pmpionic acid methyl

3 ester.

I 18.  The compound of claim 11, wherein the compound is 3-[4-(2,6-Dioxo-1,3-

2 dipropyl-2,3,6,7-tetrahydro-1H-purin-8-y1)-bicyclo[2.2.2]Joct-1 -yl]-acrylic acid.

1 19. The compound of claim 11, wherein the compound is 3-[4-(2,6-Dioxo-1,3-

2 dipropyl-2,3,6,7-tetrahydro-1H-purin-8-yl)-bicyclo[2.2.2]oct-1-yl]-propionic acid.

1 20.  The compound of claim 11, wherein the compound is 4-14-(2,6-Dioxo-1,3-

2 dipropyl-2,3,6,7-tctrahydro-1H-purin-8-yl)-bicyclo[2.2.2]oct-1-yl]-butyric acid.

21. The compound of claim 11, wherein the compound is Phosphoric acid mono-

2 [4-(2,6-dioxo-1 ,3-dipropyl-2,3,6,7-tetrahydro-1H-purin-S-yl)-bicyclo[2.2.2] oct-1-y]] ester.

1 22.  The compound of claim 11, wherein the compound is {[4-(2,6-Dioxo-1,3-

2 dipr0py1-2,3,6,7—tetrahydro-lH-purin-S-yl)-bicyclo[2.2.2]octane-1-carbOnyl]—methyl-amino}-
3 acetic acid.

23.  The compound of claim 11, wherein the compound is {[4-(2,6-Dioxo-1,3-

2 dipropy[-2,3,6,7-tctrahydro-1H-purin-8-y1)—bi0yclo[2.2.2]octane-1-ca:bonyl]-axnino}?acetic
3 acid.

1 24.  The compound of claim 11, wherein the compound is 3-[4-(2,6-Dioxo-1,3-
)

dipropyl-2,3,6,7-tetrahydro-1H—purin-8-yl)—bicyclo [2.2.2]oct-1-yloxy]-propionic acid.
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3 and wherein Ry is either unsubstituted or functionalized with ane or more substituents
4 selected from the group consisting of Rs-alkyl, -Rs, Rs-alkenyl, alkoxycarbonyl,
5 alkoxycarbonylalkenyl, hydroxyalkyl, aldehydo, and hydroxy.

290. The compound of claim 28, wherein the compound is 6-(2,6-Dioxo-1,3-

2 dipropyl-2,3,6,7-tetrahydro- H-purin-8-yl)-cubane-3-carboxylic acid.

1 30. The compound of claim 28, wherein the compound is-8-(6-Hydroxymethyl-
2 cuban-3-yl)-1,3-dipropyl-3,7-dihydro-purine-2,6-dione.

1 31.  The compound of claim 28, wherein the compound is 3-[6-(2,6-Dioxo-1,3-
2 dipropyl-2,3,6,7-tetrahydro-1H-purin-8-yl)-cuban-3 -yl]-acrylic acid.

1 32. The compound of claim 6 wherein Ry is

2 e,
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2 dipropyl-2,3,6,7-tetrahydro-1 H-purin-8-yl)-bicyclof3.2 2 Inon-1-yloxy]-acetic acid.

1 34.  The compound of claim 32, wherein the compound is 8-(5-Hydroxy-

2 bicyclo[3.2.2]non-1-yl)-1,3-dipropyl-3,7-dihydro-purine-2,6:dione.

1 35. The compound of clajry 32, wherein the compound is 5-(2,6-Dioxo-1,3-
2 dipropyl-2,3,6,7-tetrahydro-1H-purin-8-yl)-bicyclo[3.2.2]nonane-1 -carboxylic acid.

1 36.  The compound of claim 6 wherein R; is

2 oA,

and wherein Ry is either unsubstituted or functionalized with one ot more substituents

4 selected from the group consisting of hydroxy, Rs-alkoxy, Rs-alkenyl, alkoxycarbonyl, and
5 carbonyl,

37.  The compound of claim 36, wherein the compound is 8-(4-Hydroxy-7-methyl-

2 2,6-dioxa-bicyelo[3.3.1]non-1-yl)-1,3-dipropyl-3 ,7-dihydro-purine-2,6-dione.
| 38.  The compound of claim 36, wherein the compound is [1-(2,6-Dioxo-1,3-
2 dipropyl-2,3,6,7-tetrahydro-1 H-purin-8-yl)-7-methyl-2,6-dioxa-bicyclo[3.3. 1]Jnon-4-yloxy]-

acetic acid.

1 39. A medicament composition comprising a compound of ¢laim 1 together with
2 a suitable excipient.
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40.  Use of an effective adenosine antagonizing amount of the compound of
claim 1 for the preparation of a pharmaceutical composition for treating a subject
suffering from a condition characterized by an elevated adenosine concentration and/or

increased sensitivity to adenosine.

41.  The use of claim 40, wherein the condition is selected from the group
consisting of cardiac and circulatory disorders, degenerative disorders of the central
nervous system, respiratory disorders, diseases for which diuretic treatment is indicated,
Parkinson’s disease, depression, traumatic brain damage, post-stroke neurological deficit,
respiratory depression, neonatal brain trauma, dyslexia, hyperactivity, cystic fibrosis,
cirrhotic ascites, neonatal apnea, renal failure, diabetes, asthma, and edematous

conditions.

42. The use of claim 40, wherein the condition is congestive heart failure or

renal dysfunction.

43. A method of making 8-substituted xanthines comprising the steps of:

a) obtaining a N7,C8-dihydroxanthine;

b) protecting the N7 position of the xanthine;

¢) deprotonating the C8 position with strong base to generate an anion;

d) trapping the anion with a carboxyl, carbonyl, aldehyde, or ketone compound;
and

e) deprotecting the protected N7 position to obtain an 8-substituted xanthine.
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