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1) Titles ADENOSINE A3 RECEPTOR MODULATORV

7) Abstract

The compounds of the formulas described herein wherein R, RY, R2, R3 and A have the meanmgs given in the specification, are
lowed with selective A3 adenosine receptor agonist activity. These compounds can be used in a pharmaceutical composition to treat
sorders caused by excessive activation of the A3 receptor, or can be used in a diagnostic application to determine the relative binding of
wer compounds to the A3 receptor. The compounds can be labeled, for example with fluorescent or radiolabels, and the labels used in
s0 Of in vitro to determine the presence of tumor cells which possess a high concentration of adenosine A3 receptors.
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PCT/ US99/ 21 103 X prom sing therapeutic target. Selective
ant agonl sts for the A3 receptor are sough\*/as pot enti al
antiinf| YB3 or possibly antiischenic agents in the  PCT/US931303

Recently, A3 antagoni sts have been under devel opnent as

antiasthmatic, antidepressant, antiarrhythnmc, renal protective,

anti parkinson 5 and cognitive enhanci ng drugs. It is
therefore an object of the present invention to provide conpounds
and net hods of preparatlon and use thereof mhlch are_agoni sts,

partial agonists, ‘and/ or antAdenosinged 5 odnkatexs Al err] receptor. 10

1

SUMVARY OF THE | NVENTI ON Corrpounds useful as potent, yet

sel ective nodul ators of the adenosine Alerr] receptor, with activity
as .antagoni sts of this receptpiFLP'OF THE INVENTION Of preparatlon and use
thereof, are disclosed. 15 The conpounds have the follow ng

general formula:. Thestesent invention relates to certain pyrazolo-triazolo-pyrimidine,

[err] 5 2

u'iazolo-u?azolo-pynnndme and 1m1dazolo-mazolo-pymmdme derivatives
and their use in the practice of medicine as modulators of adenosine Ay

receptors.

BACKGROUND OF THE INVENTION
10 '
Three major classes of adenosine receptors, classified as A, A,, and

A,, have been characterized pharmacologically. A, receptors are coupled to
the inhibition of adenylate cyclase through G; proteins and have also been
shown to couple to other second messenger systems, including inhibition or

15  stimulation of phosphoinositol turnover and activation of ion channels. A
receptors are further divided into two subtypes, A,, and A5, at which
adenosine agonists activate adenylate cyclase with high and low affinity,
respectively. The A, receptor sequence was first identified in a rat testes
cDNA library, and this sequence, later cloned by homology to other G-

20  protein coupled receptors from a rat brain cDNA library, was shown to

correspond to a novel, functional adenosine receptor.

The discovery of the A, receptor has opened new therapeutic vistas in
the purine field. In particular, the A, receptor mediates processes of
25 inflammation, hypotension, and mast cell degranulation. This receptor
apparently also has a role in the central nervous system. The A, selective
agonist IB-MECA induces behavioral depression and upon chronic
administration protects against cerebral ischemia. A, selective agonists at
high concentrations were also found to induce apoptosis in HL-60 human

30 1eukemia cells. These and other findings have made the A; receptor a
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PCT/ US99121103 or [err] T ;
[err] wher ei n: A is imdazole, pyrazole, dr ‘
triazole; 20V 0%WBBI Tpis LX) Rerr], -qX)[err] [ er r PCT/US99/21103

Rlerr] is hydrogen, alkyl, substituted al kyl, alkenyl, substituted al kenyl,
al kynyl, substituted al kynyl, aryl, heteroaryl, heterocyclic, |ower

al kenyl, | ower al kanoyl, or, if linked to a nitrogen atom then taken 25
together with the nitrogen atom forms an azetidine ring or a 5-6

menber ed het er ocypromising therepautizi targey Selective antagonfists fordbe dgseceptoln are

as N, O S errl..is, hydrogen, alkyl K dlkenyl, alkynyl,
substituted al kyI?o%bﬁP?tEP*téad al'mufﬂanﬁgqtg OFf DOSSHSY, ARiISe 1&@%9??#1}5“

aral kyl, substit ub@sh Redbitl . ey E’rbcﬁévb' hgéii, ket eroaryl or
aryl ; “Rlerr] 7's 3%‘?%1 pyljrlarvc?l:ge%entuﬁlaop enig,ﬁ ertlz.ofuran,~
benzypyrrol e, antiasthmatic, antidepressant, antiarrhythmic, renal protective, antiparkinson

5 and cognitive enhancing drugs.

It is therefore an object of the present invention to provide
compounds and methods of preparation and use thereof, which are agonists,

partial agonists, and/or antagonists of the adenosine A, receptor.

10 ( |

SUMMARY OF THE INVENTION
Compounds useful as potent, yet selective modulators of the
adenosine A, receptor, with activity as antagonists of this receptor, and
methods of preparation and use thereof, are disclosed.
15

The compounds have the following general formula:

’ | 7’;\< | C

N
7/
N
R; |
P
25 N NHR

30
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PCT/ US99121103 PN benzot hi ophene, optionally substituted with one
or nore WB%}IEZ%ent S-as descri bed herein fef substituted heteroaryl
rings; ! Xis O S, or NRerr]; nPCE/USIYp1193 5
radi ol abel ed anal ogues thereof, fluorescently |abeled anal ogues

t hereof, and phar maceutical ly acceptable salts thereof;

Preferably, Rlerr] is hydrogen; CJ[err] to C8 alkyl; C2 to C7 al kenyl, C2
to 10 C7 alkynyl; C3 to C7 cycloalkyl; O to C5 alkyl substituted with

one or nore hal ogen atons, hydroxy groups, C to C4 al koxy, C3 to C7
cycl oal kyl .or groups of fornmula -NR[err]; aryl, substituted aryl
wherein the substitution is selected fromthe group consisting of Cl
to C4 alkoxy, Cl to C4 alkyl, nitro, amno, cyano, Cl to 4
hal oal kyl, C1 to C4 hal oal koxy, 15 car boxy, carboxyam do; C7 to Cl10

aral kyl in whi®h the aryl npoiety can be substituted with one or nore
of the subgtituents indicated above for the aryl group; a group of
formula -(CH err]) mHet, wherein Het is a 5-6 nenbered aromatic or
non aromati c heterocyclic ring containing e or nore het er oat ons
sel ected fromthe group consisting of N, & =and S and mis an 20 i nt eger
from1l to 5; Preferred  CL_fo C8 al kyl groups are nethyl,

et hyl, propyl, butyl and i sopemt yl \\Exanpl.es of C3 to C7 cycl oal kyl

groups i ncl ude cycl opropyl, |, and cycl ohexyl. Exanpl es of
Cl to C5 al kyl groups substituted N C3 to C7 cycl oal kyl groups

i ncl ude Céflohekylnethyl, c7cl operfyl met gyl , and 2-cycl opentyl et hyl .

Exanpl es substi tut ed 0 kyl grlGups include 2-hydroxyethyl,

2- met hoxyet hyl, trifluor o?'ns f | uorfoet hyIR 2-chl or oet hyl

3-am nopropyl, 2-(4nethyl -1 -pipens 2

(4-norphol i nyl)ethyl, 2-am nocarboni et hyl [N2-di hyl am noet hyl , 3- 30
optionally substituted with

hyl , difl uoromnet hoxy

di met hyl ami nopropyl . Aryl is preferably phedyl,
c, F, nethoxy, nitro, cyano, nethyl, tri f(bm(

15

wherein:
A is imidazole, pyrazole, or triazole;
20 R is -C(X)R,, -C(X)-N(R,),, -CCX)OR,, -C(O)SR,, -SO, R, -SO,0R,
-SO, SR, or SO, N(R,); ‘
R, is hydrogen, alkyl, substituted alkyl, alkenyl, substituted alkenyl,
alkynyl, substituted alkynyl, aryl, heteroaryl, heterocyclic, lower
alkenyl, lower alkanoyi, or, if linked to a nitrogen atom, then taken
25 together with the nitrogen atom, forms an azetidine ring or a 5-6
membered heterocyclic ring containing one or more heteroatoms such
asN,Q,S;
R? is hydrogen, alkyl, alkenyl, alkynyl, substituted alky}, substituted
alkenyl, substituted alkynyl, aralkyl, substituted aralkyl, heteroaryl,
30  substituted heteroaryl or aryl;
R} is furan, pyrrole, thiophene, benzofuran, benzypyrrole,
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PCr/ US99/ 21103 groups. Exanples of 5 to 6 menbered ring

het erocycli ¢ o ontaining N, O and/or S include piperazinyl,*

mor phol i nyl, thi a}zigﬁq/l , pyrazolyl, pyridyl, furyl, thienyl PCHYSPUIL3,
triazolyl, tetrazolyl. Exanples of C7 to Cl10 aral kyl groups conprise
benzyl or phenethyl optionally substituted by one or nore 5 substituents
selected fromd , F,.nethoxy, nitro, cyano, nethyl, trifluoromnethvl,
and di fl uoronet hoxy. Preferably, Rl is hydrogen, C to C8 al kyl , aryl

or C7 to Cl0 ar.al lbghzotbjophene loptiosalbssubistitutel] withefnerarirhgresubstituents as hal ogen
at ons. Preferably,d X 1,S CL F.\’Z({J' sqgg-ﬁ a(u;yl or substituted al kyl and

R3 is furan. 10  described Lereip for substitited heteroaryl rngs onpounds are those in
which R is a phenethyl xiso S’QSPN-RIJ n which the phenyl ring is substituted

with one or nore substituents ’selected fromthe group consisting of
chlorine, fluorine atonsis Inat2ioxy, nitro, cyano, nethyl,
trifluoromethyl, and difluoropet hoxy grqups..B 15 The possible
meani ngs of A%an be rdpfioiabsiedanglogugs theseqfofiporgscently laboled analpgnes

f or mul ae: 20 [tﬁér%f, and 30
) pharmaceutically acceptable salts thereof:

Preferably, R' is hydrogen; C 1 to C8 alkyl; C2 to C7 alkenyl, C2 to

10  C7alkynyl; C3 to C7 cycloalkyl; C1 to CS alkyl substituted with one or
more halogen atoms, hydroxy groups, C1 to C4 alkoxy, C3 to C7 cycloalkyl
or groups of formula -NR',, -C(O)NR',; aryl, substituted aryl wherein the
substitution is selected from the group consisting of C1 to C4 alkoxy, C1 to
C4 alkyl, nitro, amino, cyano, C1 to C4 haloalkyl, C1 fo é4 haloalkoxy,

15  carboxy, carboxyamido; C7 to C10 aralky! in which the aryl inoiety can be
substituted with one or more of the substituents indicated abo:e for the aryl
group; a group of formula -(CH,)m-Het, wherein Het is a 5-6 membered
aromatic or non aromatic heterocyclic ring containing one or more
heteroatoms selected from the group consisting of N, O, and S and m is an

20  integer from 1 to 5; '

Preferred C1 to C8 alkyl groups are methyl, ethyl, propyl, butyl and
isopentyl. Examples of C3 to C7 cycloalkyl groups include cyclopropyl,
cyclopentyl, and cyclohexyl. Examples of C1 to C5 alkyl groups substituted

25  with C3 to C7 cycloalkyl groups include cyclohexylmethyl,
cyclopentylmethyl, and 2-cyclopentylethyl. Examples of substituted C1 to
Cs alkyl groups include 2-hydroxyethyl, 2-methoxyethyl, trifluoromethyl, 2-
fluoroethyl, 2-chloroethyl, 3-aminopropyl, 2-(4methyl-l-piperazine)ethyl, 2-
(4-morpholinyl)ethyl, 2-aminocarbonylethyl, 2-dimethylaminoethyl, 3-

30  dimethylaminopropyl. Aryl is preferably pheny!, optionally substituted with
Cl, F, methoxy, nitro, cyano, methyl, triflucromethyl, difluoromethoxy
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PCT/ US99/ 2 1103 ) The conpoundg_gan be used in a nethod
for nodulypighgsgenosi ne A3 receptors in a nmamal, in%@bg&mﬁsunﬁn-
The net hods invol ve adm ni stering an effective anount of a conpound
of fornmula | sufficient to 5 noder at e adenosi ne A3 receptors in the
mammal . Uses for the conpounds I ncl ude: treating

hypert ensi on; treating inflammatory disorders such as
rheumatoid arthritis and psoriasis; 10

treating allergic disorders such as hay fever and allergic
rhinitis; groups. Examples ofifetat6 mehibecssbrimg hétatoayolic groups containing Nant i t unor
agents; . treating cardiac, hypoxia;, .and 1 )
protecti onoéﬁg’f%&‘f’%l@fiéﬁwhm&mﬂ’ tgxazolyl, Pﬁaﬁ?ﬁg%‘m’c uses, for

exanple, t ’ C or nore of
wew% it ﬁ%@% tt%frg%oslgngsrxﬁmrylaas of C7 to C10 aralkyl :

t he above de€scri

scr eeni ng grewpscamprisetbenayinar gheacthiyl eptionatlyssubstitited: bycone or more
compounds for.bi ndi tQ the A3 Ado receptor (i.e., through 20
corrpeﬁ] t] \fé‘gﬁm‘}f”ﬁ? FQ@WE&MF@%!H%(% &P 3&§‘°bﬁ“ﬁﬁﬁyﬂg
assays), d g .. d,-}-ﬁﬁ d }@-gg \ i
approacheéstﬁﬂt g%(%@?l’ ?rﬁed]nta ?‘E‘@?@‘S@?‘ gaco sgth}ﬁq%llnp éar %I s’,'eéé? ?8
W ey, Newlkydsaryl 0007 to §i10 atdlkyl] 2ptionalhyhsubstituted, prefirably with .
Phar macol ., ,116: 1957-.1964 995) ; . en et al. ... J .25
Med. Chembalogsn -4%"&2“6‘&'3’92@? %ﬁvﬁéﬁ@ﬂ@@ﬁw&d allyl and
Med. ChemR¥Me: f8ra@d>- 3772 (1997), the contents of which are

her eb‘y i ncor porated by reference. The conpounds can al so be
used % a nethod for full y or partially 30 I nhi biting adenyl ate cycl ase

acm i 8t or i ng. S ELY PRt EHFBOmd: e e i SHReAR s  Sacty

group in which the phenyl ring is substituted with one or more substituents

selected from the group consisting of chiorine, fluorine atoms, methoxy,

nitro, cyano, methyl, triflucromethyl, and difluoromethoxy groups.

15
The possible méanings of A can be represented by the following :
structural formulae:
20
N
-
</ | R— N\ _ N(l l
/N N N
R R
25
R N
N
’ R—-N,
N \ [ N=
N
30

nanteat et ali-2 & & N ~le of rRULE 26)



6 WO 00/ 15231

PCT/ US99/ 21103 formula | sufficient to fully or.partially

I nhi bit aden&@tg géscl ase in the mammal . The conpounds can also be ™
| abel ed and §0E3det ect the presence of tunor cells cdaTAUSH 2103
adenosine A3 ligands in a patient or in a cell sanple, by.contacting
the cells with the | abel ed conpound, allowing the 5 conpound to bind to
the A3 receptors, and detecting the presence of the | abel .

The conpounds can be used in a pharnmaceutical fornulation that
i ncl udes a conpound of fornula |I and one or nore excipients. Various 10
chem cal internediates can be used to prepare the

[ co oun%ia., .
BRI EF DESCRI PTI ON OF THEhecommpounds can be used mameﬁmhggmdi tREAERIBIR 0w ng

the saturation of Je - L.adin . ' : uman A3
receptors expresse {e%%n%é' '@’&gﬁgéﬂﬁmg’%ﬂr@@d@%‘?\o@‘gtration
of [errkAB- MECA. administering an effb¢t{itérsnolint 6f & cappindsdfformglatlsafficiénttat i on
of [err] AB- MECA bi ndi ng (frmol /mg protein) to human A3 receptors
expressed in the Jopderateadenosingea;xeceptory & thgnammalbisss fordhe eempendsn of
[err] AB- MECA. As shoMfdel n the Figure, the density of A3 receptor
detected was approxinately 300 frol/ng protein i n Jurkat cell

menbr anes using [ err] ABe MECAtreating hypertension;

o=

. treating inflammatory disorders such as rheumatoid arthritis

and psoriasis;

10 . treating allergic disorders such as hay fever and allergic C
rhinitis;
. mast cell degranulation;
. antitumor agents;
. treating .cardiac hypoxia; and
15 . protection against cerebral ischemia; B
. diagnostic uses, for example, to determine the presence of one

or more of the above described medical conditions, orin a
screening assay to determine the effectiveness of other
compounds for binding to the A, Ado receptor (i.c., through
20 competitive inhibition as determined by various binding
assays), as described in Jacobson and Van Rhee, Purinergic L
approaches to experimental therapy, Jacobson and Jarvis, ed.,
Wiley, New York, 1997, pp. 101-128; Mathot et al,, Brit. J.
Pharmacol., 116:1957-1964 (1995); van der Wenden et al., J.
25 Med. Chem., 38:4000-4006 (1995); and van Calenbergh, J.
Med. Chem., 40:3765-3772 (1997), the contents of which are

hereby incorporated by reference.

The compounds can also be used in a method for fully or partially
30  inhibiting adenylate cyclase (A;) in a mammal, including a human. The

methods involve administering an effective amount of a compound of
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PCTI US99121103 Figures 3 and}rﬁ are graphs showi ng the
;aHJEthl Wo%/léﬂ‘f b| ‘Fldl ng of a tritiated amal ogue of CO”RJ%gQ/(zjnos

Met hoxyphenyl ) am no] car bonyl ] am no- 8- propyl -2-(2-furyl)-pyrazolo[4,3-e] 5
1,2,4-triazolo[1,5-c]pyrimdine (Conpound 102) (frol/ng protein) to Alerr]
receptors expressed in the JURKAT cell |ine versus the nolar concentration
of conmpound 102. The data in these figures show the presence of adenosine

Alerr] recept gemila ] BurFRRnt toRlly 68 bhﬁxauy ihiBit adenglhteicytlasdirthexanpl e,
approxi mately 1300 fm)I/rrg protein was detected in Jurkat cells and 650 10

f ol / ng pr ot eimammal dﬁmnwundSMQ:belabeleﬂmd@S@ﬁ@dMMnd 102 is a

far nore senS|t|ve t for . detecti.n enosi t t han
[err] AB- Q’écqlg ﬁ&"gﬁaﬂmﬂé’&%ﬁfﬁé’@a#ﬁg&%ﬁ O?Erx?natl on of
the presence eéu s CR}e d@c&ﬁé‘c@%%écem Wit ihe'1HBE18d torkBoEnd, alldéWwing the

DETAI LED DESCRI PTI THE | The present

appl i cati 8n dcemposnsktodingtouthd A, receptirs,candiistesting thepresence of kg ect i ve
nmodul at or s ofl%d nosi ne receptors, wth activity as Alerr] agonists, and
in sone cases, ferr] ant agoni sts, and net hods of preparation and use

t hereof. 20 The conpounds can be used in a nethod for
nodul ati ng adenosi ne rr] receptors in a manmmal, including a human.
The met hods -i nvol v&'hecompomt{aqanbﬁeﬁemgl&nhmgmﬁﬂéfmmondhafa conpound

of fornmula | gsuffjcient to t e aden eptors to the
manmal . 25 inc udesacomp?Hxéd 8%%‘6%% Wet?é'tﬁ %CF%WA%%OM Ceuti cal
formul at 1on t bikémical interinBdited @8n Be GEHANBYREpRE tHedompountis.and one or nore
exci pients. Various

BRIEF DESCRIPTION OF THE FIGURES

Figure 1 is a graph showing the saturation of ['*IJAB-MECA binding
’ 15 (fmol/mg protein) to human A, receptors expressed in HEK 293 cells versus
the molar concentration of ['*IJAB-MECA.

Figure 2 is a graph showing the saturation of [ *IJAB-MECA binding
(fmol/mg protein) to human A, receptors expressed in the JURKAT cell line
20  versus the molar concentration of ['"*IJAB-MECA. As shown in the Figure,
the density of A, receptor detected was approximately 300 fmol/mg protein
in Jurkat cell membranes using ['**IJAB-MECA.



chemi cal internediates can be used to prepare the conpounds.
8 WD 015231 ;

PCTI US99/ 21 Definitions As used '
herein, a corr”ééogor{ﬁszﬂs an agoni st of an adenosine A[err] recept orf CT/US99/21}03
it is able to fully inhibit adenylate cyclase (A3) and is able to displace

5 [err]-AB-MECA in a conpetitive binding assay. As used
herein, a conpound is a partial agonist of an adenosi ne A3 recept or
if it is able to partially inhibit adenylate cyclase (A3) and is able to
di splace [err]-AB-MECA in a conpetitive binding assay. 10 As

used herein, a conpound..is an antagoni st of an agenosine A3 . ,.receptor
if it is able to preve%‘g%giqﬂ&‘g i%?'PkH@LWV(’P% Z %ﬁ%&ebyl%seffo
di spl ace[ err] - AB- Mefihied Wy j-ndi assay. 15 ‘ As
useg her Eai n, ! a corrpouﬁ% %@05‘2{2@%%%3@51?4?%}@? p

of [err] and [err Methbxyphepyl)aminigjedrbonylfzmuinotBpiopyB2-(R+fafyl)-phiagolndd Besin
50 and 100, and re preferably, greater than ahaqut

100, As
used herein, Phe feftriagolglliS-tlpyBmiding (Gompeand 102)imelmg prosein) tapanched

or cyclic alkyl g l; [ f :
nore preferably 15{2:‘39?6?%%%%5%53{6];% E“I om%?gnaﬁ%/?:'é atﬁghpn@%{ &;pre té?tzla%q y 1
to 6 carbon at onmsof dbmpoarst h02. sSThedamlin these figuragrshowshe prasemxse oftddeynbsine
et hyl, n-propyl, iso-propyl, -butyl, isl-butyl,_n-hexyl , and the
like. The terms 43 ré/cepmﬁ K3/ human timer oglis\ip high dsnsiiss: FPEFW%P]& di val ent
radi cals of the 2 gﬁ,p@gﬁl = . : Nﬂ?& | t her
noi eti es having n rgﬁﬁﬁﬁt - er%e@ggtb%%l%sﬁlﬁ%aes‘%@h as gPE%gﬁy‘??s‘y
al kanoyl , al Rényl| fmoymigqabletmylas detected in HL60 cells. Therefore, compound 102 is a

' far more sensitive tool for detecting adenosine A, receptors than ['**I]AB-

MECA. These findings have facilitated the determination of the presence of

A, receptors in many human tumors.
15 DETAILED DESCRIPTION OF THE INVENTION

The present application discloses compounds useful as potent, yet
selective modulators of adenosine receptors, with activity as A, agonists, and

in some cases, A, antagonists, and methods of preparation and use thereof.

20
The compounds can be used in a method for modulating adenosine
A, receptors in a mammal, including a human. The methods involve
administering an effective amount of a compound of formula I sufficient to
moderate adenosine A, receptors to the mammal.
25

The compounds can be used in a pharmaceutical formulation that
includes a compound of formula I and one or more excipients. Various

chemical intermediates can be used to prepare the compounds.

receptor if the ratio



when nodified by "lower," have carbon chains of ten or |ess carbon atons.
In those cases where the m ni mum nunber of carbogns are greater than one,

e.g., alwenrghsizi ni U of two car bons) and cycl oal kyl, (m r]; jnfogree 30
carbons), it is to be understood that "lower"” neans at |east m N mum
nunber of car.bons. 9

WO 00Mb231

PCT/ US992 1103 As used herein, the term "substituted
alkyl" refers to an Sl,kyl group, preferably of from1l to 10 carbon
atons ("substitut $ al kyl "), having from1l to 5 substituents,
and preferably 1 to 3 substituents, selected fromthe group

consi sting of al koxy, substituted alkoxy, cycl oal kyl, substituted 5
cycl oal kyl, cycl oa&:kmeyllhereﬁmbstompmnm 1syn|agaﬂukbo@ﬂn achnqsule Aq yecgniono,

acyl oxy, no substltuted am no XY,
ox%acy%/am nolf%%eio Ym]h‘QF Ylawgi?f‘g%k%’@ds %Tﬁq'baﬁ’% %:/ar boxyl ,

car boxyl @l kykizs tuted thioal koxy, aryl,
aryl oxy, ghet ILK'!?M%&?.H oarylo t1t1ve b“%d"?ébcyc* hydr oxyam no,
al koxyam no, nitro, -SO al kyl, - SO substituted aI kyl, -SO 10 aryl,

-SO heteroaryl, -S(err]-al, kyI -SOerr]-substituted. al kyl, .-SQerr]-aryl,
- sq err] - he\eyssdihprein. A comparnd ig Apaga &SRw%éjﬁ W‘%ﬁeﬂ R[a

-(substi tu Bk aéfardcyBad GO) B idBAOIo and
d| het er oary F&%Pto“fmﬂmgw Qﬁ%dﬁgﬂi@ cyclic a no, and unsymetric
di - substltut d&ptaccrﬁ@ﬁ]-bm-l\«ﬂ@CAmacahﬁdtﬂvehncknbsssa}!uents sel ected from
al kyl , 3 het eroaryl and heterocyclic. 15 As used herein, other
moi eti e 0haV| ng the prefix "substituted" are intended to - i ncl ude one
or nmore of the 5“9@§ﬁ§eﬁ%'dé&rﬁ lﬁm!‘inantagomstofanadenosﬁéﬁqsed herein,
"al karyl" refers to an a group wth an aryl substituent. Binding
i s through t beceptdnif 1tgsahlpto prevehtdhe inhibitiensivedo an agwstmhsagle(tep Wi t h an

As Used ner ettepiackd IR NPkA ha compredtEpinde 3, oy o

where al kyl is as defined above. Preferred al koxy groups include, by way of
exanpl e, met hoxy, ethoxy, n-propoxy, iso-propoxy, n-butoxy, tert-butoxy, 25
sec- but dfy, n- pentaxysedrhersinoagompoundisselebtivefordle/A; sacaptonif theke.

ratio of A,/A, and A,/A, activity is greater than about 50, preferably between

50 and 100, and more preferably, greater than about 100.

As used herein, the term "alkyl" refers to monovalent straight,

20  branched or cyclic alkyl groups preferably having from 1 to 20 carbon atoms,
more preferably 1 to 10 carbon atoms (“lower alky!”) and most preferably 1
to 6 carbon atoms. This term is exemplified by groups such as methyl, ethyl,
n-propyl, iso-propyl, —butyl, iso-butyl, n-hexyl, and the like. The terms
“alkylene” and “lower alkylene” refer to divalent radicals of the

25 corresponding alkane. Further, as used herein, other moieties having names
derived from alkanes, such as alkoxyl, alkanoyl, alkenyl, cycloalkenyl, etc
when modified by “lower,” have carbon chains of ten or less carbon atoms.
In those cases where the minimum number of carbons are greater than one,
e.g., alkenyl (minimum of two carbons) and cycloalkyl, (minimum of three

30  carbons), it is to be understood that “lower” means at least the minimum .

number of carbons.



As used herein, the term"al kenyl" refers to al kenyl groups preferably
having from2 to 10 carbon atons and nore preferably 2 to 6 carbon atons
and having at_least 1 and preferably from1-2 sites of al kenyl ;
unsat ur at i on. W8PUISERef erred al kenyl groups include ethenyl (- CHRCHUSIII1N03

n- pr openyl (-CH2CH CH2), iso-propenyl (-C(CHerr])=CH2), and the

li ke. . 10 WD 00/ 15231
PCT/ US99/ 21103 As used herein, the term "al kynyl"
refers to al kynyl groups preferably having from2 to 10 carbon atons

and nore preferably 2 taAs@sebhdiein, fet@En "substitutedalkpi! refegs tatan! allegitgrdumnd
preferably from1l-2 sites of al kynib unsaturation.  5-° As
c

used herein, the tpaeferablyof fromel ¢o 40 carbonatoms(isubstituted lasyenglkyl™), having

o YO A A L s
substit ut ed grélkyonsisting oTalkory, sEbstitited ulkesy,coyeloatidyl Yeubstatiidd,

het eroaryl and heterocyclic are 10 as defined_herein. )

As used herei, t s¥cloakion, eysloalieanyd subgtituted dysloalkenyls acyl, acylagyimpracyloxy,
wh h Ris i . dy . . ' ., |,
ot ronr vl or herlbhieprita Al iRty VamispHBlot) iy, e,

heteroaryl 15 dalbgea Ey&sx?ll, kétoatifioketo datboxsl] cafborilalkyl, thiol, thioalkoxy,
As used herein, the term™"aryl"” refers tQ an unsaturated aromatic

car bocyclic gr oup SBbstitutsthtbioglkoxy, amvi.msyloxy dieterparyl, hgtesoarylogy cheteregyelic, . |

henyl) or nulti enS ed) rl.-ngs r t ). 20
Ilgr efgraed aryls Ph@pﬁaﬁ@% "é%u,g ap ?M‘&g’rﬂ#f' ﬁ%y}’i'gg. A ,_Ig%eg a(’)'?ﬂé':gv? 's)e
constrai ned o t harglefS@uheterdaryR-S eaIRyNLS@#'-bﬁlisjtimtemhncyli,uSOP%ryl, -§09ups C

can opt i onal ry be substitutéd wth fTom1l to 5 substituents @and -
preferably 1 to 3heterdaryl, andmenc-@addi-aligilaninegmppemand li-(gubstigitednsi st i ng

of hydroxy, acyl, . i ) ) Ryl Y _

al kyl, substitut e&ﬁém%n@?' ?ﬁﬂgt?@u{f]eﬁlafghg’%ﬁ%eaﬁy llﬁY %él%%WI%éf%&%y nyl ,
am no, substitut ednddi-hetersdyiclioagiho, a@ﬂxﬁznﬁmenic di-substitiyébarhines havikgr y!
aryl, aryloxy, azido, carboxyl, carboxyla alo, nitro,

C ( | kyl, cyano, h
het eroaryl, het er daff¢rentsubstitentsaelaste ﬁom@{bﬂo@yb lhgtsxgaryl and heterocyclic.

15  Asused herein, other moieties having the prefix “substituted” are intended to

-]

include one or more of the substituents listed above.

As used herein, “alkaryl” refers to an alkyl group with an aryl
substituent. Binding is through the alkyl group. “Aralkyl” refers to an aryl
20  group with an alkyl substituent, where binding is through the aryl group.

As used herein, the term "alkoxy" refers to the group "alkyl-O-",
where alkyl is as defined above. Preferred alkoxy groups include, by way of
example, methoxy, ethoxy, n-propoxy, iso-propoxy, n-butoxy, tert-butoxy,

25  sec-butoxy, n-pentoxy, n-hexoxy, 1,2-dimethylbutoxy, and the like.

As used herein, the term "alkenyl" refers to alkenyl groups preferably
having from 2 to 10 carbon atoms and more preferably 2 to 6 carbon atoms
and having at least 1 and preferably from 1-2 sites of alkenyl unsaturation.

30  Preferred alkenyl groups include ethenyl (-CH=CH,), n-propenyl
(-CH,CH=CHy,), iso-propenyl (-C(CH3)=CH,), and the like.

10



am noacyl oxy, oxyacyl am no, thioal koxy, substituted thioal koxy,
t hi oaryl oxy, thiohetegoaryloxy, -SOalkyl, -SO substituted alkyl, -SOaryl,

roaryl, -SJerr]-alkyl, -SOerr]-substitut
- sq er r]N ar y{HSFSq er r] het eroaryl, trihal onet hylﬁdggée%gﬁr red
substituents include al kyl, al koxy, halo,
11 WO 0011 5231
PCT/ US9/ 21 103 cyano, nitro, trihalonethyl, and thioal koxy.
As used herein, the term"cycloal kyl" refers to cyclic al kyl groups of
from3 to 12 carbon atons having a single cyclic ring or multiple condensed

5 rings. Such cycl oal kyl _groups |ncI ude, of exa single ring
structures such as‘\i:‘}@ﬂd&r% he tegmc ﬁlrep%il %]S@th yé?f%hpyl, and

t he I and the

i ke. i\}é\?mg%omnagé lgs?glébroh el nsﬁf#ﬁf@ letg% %JI)%lgen refer
to fluoro; chh@®havingQt leabtrpmmfbrablﬁ(ﬁ'oﬁmi-mw;efalkyyylnmsmnatmn fluoro or
chl oro. used herelin, the term"heteroaryl"” refers to an
aromatic5 carbocycllc group of from 1 to 15 carbon atons and 1 to 4

and sul fur i t i n Ao Hefeiny BF e B s CABTA ol RloRENORS. T PPN
Unl)e;sst ot hter mmﬁmﬁm?my@.me?- byclbhlkyﬁe(d)m mwnuﬁmcycmmwﬁﬁt)ﬁ{ yl "
n roar r n rom
i: > ute 0 5%%)?:&;&28%& qﬁ’ér"%&’?‘:ﬂ 19'(& gg’%laﬁf}&ﬁ s@%‘&gc\t,med fro(r)n
20 QB%
:[al Eyg;lotjpsubsltkﬁ !?%‘i# gﬁuggnﬂyeﬁr&éxﬁl@y%l gétﬁdag(l?h&gxﬁ st tut ed al kenyl ,

substi t gped a&.&yﬁu&dh@emno substituted am no, am noacyl, acyl oxy,
acyl am no, al karyl, aryl, aryl oxy, azi do, carboxyl, car boxyI al kyl ,
cyano, halo, nitro, heteroaryl, heteroaryl oxy, het erocycl i c,

het er ocycl ooxy, v B R 4 NRRstituted
et orocycl 00y, SR SRR SIS A P 2 onr B0
sg bstit ut edb&}Heyé eacé:SOiﬁ‘hﬁbpend&Qlj‘lﬁi&bQﬁ , wlkyl, ﬁémmﬂamydl‘}’l,
- t1tut
CQerr]-su ietlergar;l or heterocyclic wherein alkyl, substituted alkyl, aryl, heteroaryl .

15 and heterocyclic are as defined herein.

As used herein, the term "aryl" refers to an unsaturated aromatic
carbocyclic group of from 6 to 14 carbon atoms having a single ring (e.g.,
phenyt) or muitiple condensed (fused) rings (e.g., naphthy! or anthryl).

20  Preferred aryls include phenyl, naphthyl and the like. Unless otherwise
constrained by the definition for the aryl substituent, such aryl groups can
optionally be substituted with from 1 to 5 substituents and preferably 1 to 3
substituents selected from the group consisting of hydroxy, acyl, alkyl,
alkoxy, alkenyl, alkynyl, substituted alkyl, substituted alkoxy, substituted

25 alkenyl, substituted alkynyl, amino, substituted amino, aminoacyl, acyloxy,
acylamino, alkaryl, aryl, aryloxy, azido, carboxyl, carboxylalkyl, cyano,
halo, nitro, heteroaryl,.heteroaryloxy, heterocyclic, heterocyclooxy,

~ aminoacyloxy, oxyacylamino, thioalkoxy, substituted thioalkoxy,
thioe.ryloxy, thioheteroaryloxy, -SO-alkyl, -SO-substituted alkyl, -SO-aryl, -

30 SO-heteroaryl, -SO5-alkyl, -SO,-substituted alkyl, -SO,-aryl, -SO,-
heteroaryl, trihalomethyl. Preferred substituents include alkyl, alkoxy, halo,

11



al kyl, -S02-aryl, -S02-heteroaryl, and trihal onmethyl. Preferred

substituents i nclude al kyl, al koxy, halo, cyano, nitro,

trihal omet hyl, and t hi oal koxy. Such heteroaryl groups can have a° -
single ring (WOPYMISHridyl or furyl) or 30 rmultiple condensed PETWS99/21103
(e.g., indolizinyl or benzothienyl).

12 WO 00/ 15231

PCTI US99/ 21103 "Het erocycl e" or "heterocyclic" refers to a
nonoval ent saturated or unsaturated group having a single ring or

mul ti pl e condense ' fots : bon atons and from1l to 4
hetero atons sel e%&}é&?xﬁ%%ﬁg&é}%@g’ and thlga?%‘rg&;'sti ng ‘of nitrogen, sulfur

and oxygen within the ring. 5 Unl ess ot herw se constrai ned by

the definition for the heterqcyclic , substi tuent, such heterocyclic
groups can be opti onal |4S Wspddicrein; the topm feyrlaalkyl” refersgo eiplie alkybgraips of

| d f h st i ng | . i d_al kvl
 koxy. subst t ut e pRo 19'8akR démd hafind 4 sindlg OS¢ HhE Cr Bufitls copdensed o)
10  thioal koXy, sings: Such eytlédlkpldrisany inchillePBY Wa9of exirpleakingd Awg . and

the |ike. Such heterocyclic groups can have a single ring or nultiple
condensed rings. Structures such as cyclepropy ﬁyclgbuWh@yabm@tygmgbgcmaandcmt ain

1 or nore substit t |t . ' 0 of .course, .Lhat such groups
do not contain anyﬁg’u‘%ﬂs‘{ﬂll#lgﬁ%%%ﬁ#g%ééﬁ%%ﬁ"m' %&f&’&lh@‘v\hi ch are )
sterically inpractical and/or synthetically non- f easi bl e.

As used herein, "car bo;(%/slri c.acid derivat i“ves"' and sulfonic acid .
derivatives" refer to[ &trysedberaythe termsehaloX or Shaogen"gefexip 8noto, chlaspe

i h : , St ¢ Ut Ky |, and activated
er vit i ves tier oopomo s iodpeSnly ks it Bl oPudlgl 21T oce sueh as €

chl ori des, brom des and | odi des, which can be used to couple the
carboxylic acid and sulfoni¢ acid derivatives to the 5'-amne using
standard coupling chenm ‘{59‘.?112@111&13 term “heteroaryPrrgferataean aromatie accept abl e

salts' refers Lo BCIRERYh ARt Fom L 1o 196666) Bheds 31 & PhodesilBRE N ©

Formulas I A |B, or
selected from the group consisting of oxygen, nitrogen and sulfur within at

»15  least one ring (if there is more than one ring).

Unless otherwise constrained by the definition for the heteroaryl
substituent, such heteroary! groups can be optionally substituted with from 1
to 5 substituents and preferably 1 to 3 substituents selected from the group

20  consisting of hydroxy, acyl, alkyl, alkoxy, alkenyl, alkynyl, substituted alkyl,
substituted alkoxy, substituted alkenyl, substituted alkynyl, amino, | (
substituted amino, aminoacyl, acyloxy, acylamino, alkaryl, aryl, aryloxy,
azido, carboxyl, carboxylalkyl, cyano, halo, nitro, heteroaryl, heteroaryloxy,
heterocyclic, heterocyclooxy, aminoacyloxy, oxyacylamino, thicalkoxy,

25 substituted thioalkoxy, thioaryloxy, thioheteroaryloxy, -SO-alkyl, -SO-
substituted alkyl, -SO-aryl, -SO-heteroaryl, -SO,-alkyl, -SO,-substituted
alkyl, -SO,-aryl, -SOz-heteroafyl, and trihaiomethyl. Preferred substituents
include alkyl, alkoxy, halo, cyano, nitro, trihalomethyl, and thioalkoxy.

Such heteroaryl groups can have a single ring (e.g., pyridyl or furyl) or

30  multiple condensed rings (e.g., indolizinyl or benzothienyl).

12



derived froma variety of organic and inorganic counter ions well known in
the art. and include, by way of exanple only, sodium potassium calcium 30
magnesi um amoni um-.t‘et r aal kyl ammoni um and the™ ke: and when the

mol ecul e WQMYER2AE a basic functionality, salts of organi c oPCTRISAYIPT

aci ds, 13 WO 00/ 5231
PCT/ U899/ 21 103 such as hydrochl ori de, hydrobrom de, tartrate,
mesyl ate, acetate, nuleate, oxal ate and the |ike can be used as the
phar maceut i cally acceptable salt. The term "protecting
group” or "Dl ocki ngiqBuRle’ & ifrdOGCHY reibRB a monovitint Battifidn ound to one
or nore hydroxyl, amno car boxyl “groups of conpounds

(including i nimatumﬂéchgmap lhhemgafsusgle Imngsortdmltlplu crwldan&edrrmgs, from 1 to
am nol actones,_ etc.) prevents reactions from ogcu %épgbﬁ% t hese gr oups and

whi ch protect |5r$‘<j‘r§ﬂf’cﬂ§9m§aﬁ o bt ddietesg atoms,

enzymati c. st F’nﬂn r carboxyl group. 10
Preferred re%@%&&eé am no %r}, @ﬂ%‘%r&%@%ﬁ%ﬂ ude c%'nventional
substituents such as t- butyoxycarbonyl (t-BOO), benzyl oxycar bonyl (CBZ),

and the |ike whic can be renoved by cQnv ntr ns ¢ npatrble
with the nature ofURlgEs ofhefaisq constrain %ytﬁede ﬁ’ﬂ% ‘bﬁ%f’g\ﬁf 8revr ations

are used her ygg@;

[err]-(4-am %gﬂ% teggo%eh% e? elﬁ%g oug sg'%lf\ll- %n ?url]:;nhurt%dn\g%h dleto( R) - PI A,

§\I I[?) N;S E 2 henyd smasqunemy E#lacled(ﬁsgmﬂxe @bBpconsisting afi alievlhsuhstitused aﬂkyl | - AB- VECA,
err am qben enags am d

| B- MECA, N6- dﬂ’g’é <f éhé%@rﬁe 5o ’FW‘;FB’ “‘Wﬂet"ﬁ{ﬁ?ﬁ%ﬁﬁh"g

equi | i brigum 'tﬁ@h&bkj{ A b&RL: ?Aﬂnéarym'xy, trihalorRéthyl, %ﬁ&'ﬂi@‘]ﬁi@ dO

adenosi ne; THF, tetr’ahydrofu ran

tri s(hydroxy r&lchyxlepemuynbcrgrdwn ean have a singonpgommiulipdp aondensed dags.

Those skilled in the art of organic chem stry will appreciate that
reactive and fragile functional groups often nust be protected prior to a

particul ar reacti ofs to0nySsTiHE BESYeYrohftat EdtitainANét fbfysubstifuensditt 0 their

is understood, of course, that such groups do not contain any substitution or

15  substitution patterns which are sterically impractical and/o? synthetically

non-feasible.

As used herein, “carboxylic acid derivatives” and sulfonic acid
derivatives” refer to -C(X)R,, -C(X)-N(R,),, -C(X)OR,, -C(X)SR, -SO, R,,
20 -SO,0R, -SO, SR, or SO,-N(R,),, where X is O, S or NR', where R' is
hydrogen, alkyl, substituted alkyl or aryl, and activated derivatives thereof,
such as anhydrides, esters, and halides such as chlorides, bromides and
iodides, which can be used to r:ouple the carboxylic acid and sulfonic acid
derivatives to the 5'-amine using standard coupling chemistry.
25
"Pharmaceutically acceptable salts" refers to pharmaceutically
acceptable salts of a compound of Formulas IA, IB, or IC, which salts are
derived from a variety of organic and inorganic counter ions well known in
the art and include, by way of example only, sodium, potassium, calcium,
30  magnesium, ammonium, tetraalkylammonium, and the like; and when the

molecule contains a basic functionality, salts of organic or inorganic acids,

13



original forns after the last reaction is conpleted. Usually groups are 30
protected by converting themto a relatively stable derivative. For .
exanpl e, oxyl group may be converted to an ether gr and an
XAl oup WO or{5e81 | a9 Bnisssniics
PCT/ US99J21103 WO 00/ 15231 converted to
an am de or carbarnate. Methods of protecting and de- '

protecting, also known as "bl ocking” and "de-bl ocking," are well known and
wi dely practiced in the art, e,g., see T. G een, Protective Goups in
Organi ¢ . suchas hydrsg;hlomg; hydrobromide; tagtrateanesylats, acataigamalsate,

Protective Groups,) %@@ggeﬁike can be used as the pha%%@gtﬁfcgﬁ)ﬁ.ﬁgggtgﬂ Falt/ McOmee,

Pl enum Pr ess, Londég!lht n%osunds are

preferably prepared by reacting a conpound of " Formula Il
below with a suitable carboxylic acid or sulfonic acid derivative
usi ng known cheni st ry. The term ™ protecting graqup" or "blocking group” refers to any group
N NH2
S

prepared using t yehigh I“fhg\%ibr?émd t6 dne or more hy&@ﬁg@ﬁ@”&caﬁg{ﬁgﬁu& of @tk Pe

iIlustrated wher eohipdunds (ificludirintermediates thereof such as the aminolactams,
aminolactones, etc.) prevents reactions from occurring at these groups and
which protecting group can be removed by conventional chemical or
énzymatic steps to reestablish the hydroxyl, amino or carboxyl group.
10 Preferred removable amino blocking groups include conventional
substituents such as t-butyoxycarbonyl (t-BOC), benzyloxycarbonyl (CBZ),
and the like which can be removed by conventional conditions compatible

with the nature of the product.

15 The following abbreviations are used herein: Abbreviations:
['"IJAB-MECA, ['*IJN‘-(4-amino-3-iodobenzyl)adenosine-5'N-
methyluronamide;(R)-PIA, (R)-N°-(phenylisopropyl)adenosine; DMSO,
dimethysulfoxide; I-AB-MECA, N°-(4-amino-3-iodobenzy!)adenosine-5'-N-
methyluronamide; IB-MECA, N¢-(3-iodobenzyl)adenosine-5'-N-

20 methyluronamide; Ki, equilibrium inhiBition constant; NECA, 5'-N-
ethylcarboxamido adenosine; THF, tetrahydrofuran; Tris,
tris(hydroxymethyl)aminomethane.

Compound Preparation
25

Those skilled in the art of organic chemistry will appreciate that
reactive and fragile functional groups often must be protected prior to a
particular reaction, or sequence of reactions, and then restored to their
original forms after the last reaction is completed. Usually groups are
30  protected by converting them to a relatively stable derivative. For example,

a hydroxyl group may be converted to an ether group and an amine group

14



25 30
15 WO QQ 15231, ;

N
PCT/ US99/ 21103 | +_f Schene | [err] PCT/US99/21103

15 Reagemd90/158B1tri et hyl orthoformate; B)2-furoic acid hydrazid, 2-

convérted to an amide or carbamate. Methods of protecting and de-
protecting, also known as “blocking”™ and “de-blgcking,” are well known and
widely practiced in the art, e.g., see T. Green, Protective Groups in Organic
Synihesis, John Wiley, New York (1981) or Protective Groups in Organic

5 Chemistry, Ed. J.F.W. McOmie, Plenum Press, London (1973).

The compounds are prefer:ably prepared by reacting a compound of
Formula II below with a suitable carboxylic acid or sulfonic acid derivative

using known chemistry.
10 R 3
/ N
2 N -
15 RE—A || /)\
| N NH o
a
20 Compounds of Formula II can be prepared using the following

Schemes I and II, illustrated where R’ is furan.

25

30

15

mem mmmemrve T RT (RULE 26)



met,hoxyeht anol ; C) phQOph, 260[err]; D) 10% HQ, under reflux; E) 30
cyanam de, pT[err] CH N-nethyl pyrrolidone )

PCTI US99/ 21103,¢/p 43411 523f [err] pcrlssoniin
Scheme I
CN
CN
5 R , A R y
N=— r;:’
NH
2
- N IV OEt
0 B
10 N (
/N
. N’N
el J »
N/ -t 0
15 - ©
VI -
Y
D
| Lo \\
20 1S - |
O
0 N (
\ \
/N/N E > / N
s OQ ]
25 NHH " ’ , J\
| 2 N S NH,
v I

Reagents: A) triethyl orthoformate; B) 2-furoic acid hydrazide, 2-
_methoxyethanol; C) PhOPh, 260°C; D) 10% HCI, under reflux; E)
30  cyanamide, pTsOH, N-methylipyrrolidone

16
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25 Reagents: F) furoic acid hydrazide diphenYl ether; E)
cyanam de, pT[err] OH, 30 N- net hyl pyrrol i gghe.

17 . WO 09/.15231 PCT/US99/21103

PCr / USQ%d golisdst The conpounds of fornmula Il can be prepared
t hrough either an indirect route described in Schene | or a direct
route described in Schene I1. Suitable starting materials for both
schenmes are the heterocyclic ortho-am no nitriles of formula I,
generally prepared according to synthetic procedures 5 known in
literature and reported in the book by E. C. Taylor and A MeKi || op
(vol. 7 of the series Advances in Organic Chem stry, Ed. I nt er sci ence,
1970). 10 ~ CN  Jerr] 15
Otho-amno nitriles Il are transforned into the correspondi ng

imdates of formula IV by reaction with an ethyl orthoformate excess at the
reflux tenperature for 8 to 10h. The reaction, after evaporation of the
et hyl

5
Scheme T \
— g
N
| , \/N
10 - N
CN _ \
_____E————’ R \ H
R \ NHj7
NH2 VI
m
° 15
£ B
0
N
: | \N
20 o N7
R \ )\
| N7 SNH3

25

de, diphenyl ether; E) cyanamide, stOH,

Reagénts: F) furoic acid hydrazi
30  N-methylpyrrolidone.

17
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ort,hoformate, |eads to the substantially pure corresponding imdates IV in-
a 20 hi gh yield as evidenced by the IR and [err]H NVR anal ysis on the

crude reacti roducts.

[err] 0‘wom‘msz:ﬁThe i mdates of fornmula IV are then subject ggr(lgygmws
sequence of two reactions allowing to obtain the tricyclic-structures
of formula VI in a high 30 yi el d.

18 WO 00/ 15231

PCTI US99/ 21 103 0

[err] 5 i Vi The reaction

sequence includes: a) Theaotipounds bfifotafula i candeimtepided thrgughacithkeahn a
2- met hoxyet hanol , sol ution at the reflux t er,ature for 8:lQh, 0
obtain the inter F‘éttré’é“?;g?FﬁB rdin eehems ﬁﬁnP%dWFCtﬁ?uﬁetﬁ{SF‘FﬁhcddﬁéFp?ﬁF%n
of the latter to } ' b
Sible §iea§ﬁp.gg, Bl g:ggt ihefias FH ﬁgfﬂgtﬁrgagdgg dtthBriiflo

di phenyl ether at the t rature o err|]C for ]
nitriles of formula III, generally prepared according to synthetic procedures

5  kmown in literature and reported in the book by E. C. Taylor and A.
McKillop (vol. 7 of the series Advances in Organic Chemistry,___Ed.
Interscience, 1970).

10 : CN

NH 2.
i1
15 | - -

Ortho-amino nitriles IIT are transformed into the corresponding
imidates of formula IV by reaction with an ethy! orthoformate excess at the
reflux temperature for 8 to 10h. The reaction, after evaporation of the ethyl
orthoformate, leads to the substantially pure corresponding imidates IV in a

20  highyield as evidenced by the IR and 'H NMR analysis on the crude reaction
products.

CN

. H
25 ' N—N—

|
7 OEt

The imidates of formula I'V are then subjected to a sequence of two
reactions allowing to obtain the tricyclic structures of formula VIin a high
30 yield.

18

SYITRITYITIITYE QUITEYT /YT E Y94 .



15 = The tricyclic conmpounds VI are then hydrol yzed with HCL at
reflux - for 1 %gj3h to give triazoles VII, %ﬁjCh are finally cyclized
to desir eonpounds Il with cyanam de in Nhethyl pyr ' t

refl ux aﬁﬂ°fﬁﬂfﬁg, presence of para-toluenesul fonic acfgg%ggﬁgﬁgﬁl).
20 , [err] 30 I'n
sone cases, triazoles VIl can be obtained directly heating in

di phenyl ether ortho-amino nitrile IIl wth 2-furoic acid hydrazi de.

Triazol es ' 19 WO 00115231

PCTI US991 21103 : VII are then ed as described above in Schene
[1). I'n the foll ow ng schenes |11 Oand V, the synthesis of the
conmpounds of formula Il in which/Ais”a triazole ring are reported in
more detail . 5 N Scheme |1

Synt hesis of 5-am no-7-substityyed-\&(2-furyl)-1,2,3-triazol 0[5, 4- e)

1,2,4-triazolo[ 1 ,5-c]pyrim e d;)Ni vatives [err]

5 R-@l JN

N

|
* The reaction sequence includes: a) reaction with 2-furoic acid
10 hydrazide in a 2-methoxyethanol solution at the reflux temperature for 8-10h,
to obtain the intermediates compounds of formula V; b) thermal cyclization
of the latter to corresponding compounds of formula VI, by heating in
diphenyl ether at the temperature of 260°C for 0.5 to 1h.

15 The tricyclic compounds VI are then hydrolyzed with HCI at reflux
for 1 to 3h to give triazoles VII, which are finally cyclized to desired
compounds I with cyanamide in N-methyl pyrrolidone at reflux and in the

presence of para-toluenesulfonic acid (Scheme I).

20
. D - | N
0 0
N \ N
/ /N _ / \ N
N N7
25 R I | R l |
" PY
NH5 N NH 5
\211 : 1
30 In some cases, triazoles VII can be obtained directly heating in

dipheny! ether ortho-amino nitrile III with 2-furoic acid hydrazide. Triazoles
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WO 00/ 1523 "~ PCT/US9921 103
Schene |V Synt hesi s of R

5- am no- 8-su ituted-2(2-furyl)-1,2,3-triazolo[5, 4- = e] ' .
1,2,4-tri azolb@%’l&o?‘figl] pyrin dine derivatives [err] PCT/US99/21103

VI are then cyclized as described above in Scheme II). In the following
schemes ITI, IV and V, the synthesis of the compounds of formula II in
which A is a triazole ring are reported in more detail.

5 Scheme ITI
Synthesis of 5-amino-7-substituted-2(2-furyl)-1,2,3-triazolo[5,4-
e)1,2,4-triazolo[1,5-c]pyrimidine derivatives

CONHy KoCO3 N//NICONHz

et g g
R-N3 + Sy DMSO \N—~NH> ¢
. / -
R
POCli3
N DMF,~0°C
\ 5 o
PhOPh N~
hOPh
N \N 4——-;— N\ I
N / 260°C N NH2
/
N N R
% " H
2
| C
R | NHo—CN
pTs—OH . .
N—methylpyrrolidone, 160" C
1 N
0
N! '\N
N N
N// | /l\
-
\r N NH,



Reagents: A) furoic acid hydrazide, PhOPh, 260 [err]C. B) - NH err]CN,
pT[err] OH, N-nethyl pyryolidone. WO 00/ 15231

PCr/US9921 103 . - Schene V

Synt hesi s V@ 091523 no- 9- subst it ut ed-2(2-furyl )-1, 2, 3-ti azol o] PCFAISIS21103
e]l,2,4-triazolo[1,5-c] pyrimdine derivatives [err] R
R .

: Scheme IV
Synthesis of S-amino-8-substituted-2(2-furyl)-1,2,3-triazolo[5,4-
e]1,2,4-triazolo[1,5-c]pyrimidine derivatives

Me-<::>~— CN NoOH N
SONg * K e | # :]::CN

CN O° \
| / NHS0,CH-,
H
H
250400!1(:.
-15°C
N CN 3 _
/ RCI
R—N \| - C //N CN
\= NH K2C03, DMF N |
2 80 °C N\
-B0°¢ N—"NH,
H
A,B \ N
o
N
l N
s N N
R—N
W N;;L\NH
2

Reagents: A) furoic acid h i
. : ydrazide, PhOPHh, *
NH,CN, pTsOH, N-methylpyrrolidone. 280°C. B)
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Reagents: A) furoic acid hydra2|de PhOPh, 260 C. B) NH2CN, pTsOH,

N- net hyl pyrrol i done. 22 - - WO 00/ 15231
PCT/ US99/ 21103\’00 /15231 Finally, the 5-am ne-containing conpounds
Il are reacted W UH carboxylic acids, sulfonic acids, activBEEAS99/21103
carboxylic acids, activated sulfonic aci ds, thiocarboxylic acids,
activated thiocarboxylic acids, and the like, to formthe desired
conmpounds. Activated carboxylic acids include acid 5 hal i des, esters,
anhydri des and ot her derivatives known to react with am nes to form
am des. Activated sulfonic acids include sulfonyl halides such as

sul fonyl chl ori des. It | Nehelmegcessary in all cases to use

activated carboxylic a,nd 10 sul foni c acid derivatives. The acids
t hensel ves can be cougVB efl§ of Seaminion@-substituted (2 fyryd)-3;23rtiazndo(f|4-ng
chem stry, for e ex de (DCl') and ot her
routinely used cglzpr%)f.%ai%%q gjp%ﬁ'f't'" ol eale&vgm’gng condi tions for
form ng am de |inkages are well known to those of skill in the art of
pepti de synthesis. 15 - Cenerally, the chem stry above can be
used to prepare 8- (Ar)al kyl -

(2- furyl) pyra 4,3-e]-1, 2 4-tri agi [Nagpyrimd ee 3-cyano- 2-
e N

am nopyr Mel-e e starfing”mate The 3
am nopyr azol es Qaﬁéd with hjal'ﬁé’ro@a? I de (RX) E] a polar aprotic
| NHSO,CH
H
RCI
NaH, 4 DMF
80°C
R
\ R
= N CN H,SO, conc. N CN
| <o N
N H -1se N NHSO0,C3Hy
H
|
: AB \ N
|
| 0
Y
R N \N
\ |
/N N
No
N N//K
NH2

Reagents: A) furoic acid hydrozide, PhOPh, 260 °C, B)
NH5CN, pTsOH, N—methylpyrrolidone.
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20 solvent such as dinethyl formanide (DVF) to provide an R group on one
of - "the ring ni t‘-l\[ggens.. The resulting conmpound ,can be refluxed with
triethyl  wooo158fhoformate to provide an imne ethyl ester, P@j%}m{z nnbe
reacted with furoi c hydrazide, preferably using a Dean- 4 ap for
t he azeotropic. elimnation of water produced in the reaction, to
provi de 8-(Ar)al kyl-2-(2- 25

furyl)-pyrazol o[ 4,3-e]-1,2,4-triazol o[ 1, 5c] pyrim di nes. The products can be

urified by chromat ggr aphy, for, exanmpl.e, in (Et OAcl. hexane 1:1), for use in
gubsequent yC hemi st r ggnaﬁg, %e 5-amine-containing congpounds II are reacte th%x 23

WO 0015231 carboxylic acids, sulfonic aeids, activated catboxylic acids, activated sulfonic N
PCT/ Sssn2 103 e product of this reaction can be reacted

with a suitabl gids;ithipcabmtylic acids, astivdBid thigcaredxylic,acids, auduhe ke, teact i on
W th cyanam de,in ol.vent such,as rcoli done,with

. N- hyl
catal ytic parafd™® tg%a%“ ISPgRoungds.j Actiyated éﬁt&]\‘(c abtds "tcé‘ﬁfgfe‘?%‘é ures to
provi de 5- am npaifiet Alsted, %&4&&& loYhel de¥ivaGPdsQltbwar Bl reactiwith amines

1,2,4-triazol o[ 1, 5¢c] pyri | nes. These am ne-substituted
conpounds can todformantidas. viativatgdmulfionicateids includeisutfonphizlisessuck as m ur ea
conpounds, act iu! teﬁ iﬁ%{#oxyl I c acids such as acid hal i des to provide
am des, acti vale® ¥t %- acids such as sulfonic acid 10 halides to form
sul f onam des, or other reactive carboxylic acid or sulfonic : acid
derivatives to formother desired conpounds. L.
Tri azol o-t ri azol-o- pitis rotdieaessennipalicases torudecactivatod catboxylingeidand  sinil ar
chem stry,qbut ting.Wwth a suitahly,functionalized i,de.. and. 15
Feacting the soNRicaciinalves Chbe APt SRR S an RE EPUPERIO IOBPIRE ¢ 11 ng,
fol | oned by readid @andakd EHGIHYE GRnls ,Ffoi"bﬂinﬁle,d@?f{g?ﬂﬁ%/h_f&eﬁ miech as
nof'r

POCl[err] to forma nitrile. The resulting cyano-amn Il azol e can be
reacted in (DCE) land sther rontinely used colipling agents- Suitatileopyplin®| es di scussed
above to _ coditions 01:[ frolnglznoé aoxh{drellfjl Olggs_ &t'well Ellaoqgr? to those of skill in the
art of peptide synthesis.
15

=2

Generally, the chemistry above can be used to prepare 8-(Ar)alkyl-2-
(2-furyl)-pyrazolo[4,3-e]-1,2,4-triazolo[1,5¢c]pyrimidines when 3-cyano-2-
aminopyrazoles are used as étarting materials. The 3-cyano-2-
aminopyrazoles can be reacted with an alkyl halide (RX) in a polar aprotic

20  solvent such as dimethyl formamide (DMF) to provide an R group on one of
the ring nitrogens. The resulting compound can be refluxed with triethyl
orthoformate to provide an imine ethyl ester, which can be reacted with
furoic hydrazide, preferably using a Dean-Stark trap for the azeotropic
elimination of water produced in the reaction, to provide 8-(Ar)alkyl-2-(2-

25  furyl)-pyrazolo[4,3-e]-1,2,4-triazolo[1,5¢]pyrimidines. The products can be
purified by chromatography, for example, in (EtOAc/ hexane 1:1), for use in

subsequent chemistry.



20 - Synt hesi s of Radi ol abel ed anal ogues - The
conpounds can be | abeled with any suitable radiol abel. © Exanpl es of .
suitabl e radwgd edpehs:t i nclude [err]H and [err]C, but any substant}j,(,_allégg9 3
non-t oxi ¢ radi ol abel comonly used in pharnacokinetic studies can $15ihn
25.. Means for incorporating radiol abels onto organic conpounds are wel |

known . to those of skill in the art. When t he
conpounds are 5-[[substituted phenyl ) am no] car bonyl ] am no- 8- (ar)
al kyl -2-(2-furyl)-pyragzol 0{04, 3-e]l.1,2,4- 30 triazol q[1,5-c]pyrim.dine
conmpounds or 5-ani no- g—ﬁ‘%\? @Pk?%%{%ﬁ%%‘}gemaﬂed%%%i gjacid,quch

%1421 4-tri % 01)8} i ggﬁ(]iﬂﬁf e BRISWERPBY Pelttioh With B3 @ inY solvent such as

PCT/ US99121 103 N-methyl pyrralidonetwitiichtabyic parafteluehey/sutfonit arid fitos]ewatet]

I n one enbodi ment, a suitable starting material is a _conpound in

whi ch the (ar)al KVPPWBH’ESEﬂPM@@mlpﬁso&i)mhiég'm@&wﬁ@lﬁ%ﬂﬁhe 5
doubl e bond n € M of [+12d in the presence a suitable

cat al yst, L4 q?dgqg%ﬁg[%\ﬁhggﬁlgﬁild&% on charcoal or other known

hydr ogenati on catal ysts. For exanpl e,

5-1[ (4- met hoxyphenyl ) am no] car bonyl ] am no-8-(1, 2- ) .
ditritiopropyl)-2-(2-f Lirsseamipe-substypiedampounds can be reasted syith apprepriate

Goubl e bona or S4Btk Atk RRRSHRRIRAE R e IR Sl it (1o

- propenyl - 2- ( 2- f halidgs to providemantides)| aetifatddshlfonid, atidsrsuelt ad siifonic adid
pyri m di ne \(/&r)npgupg 101&9. Compound (102 i s discussed bel ow with
respect to i odelides{o; fogm suifopamydes, or other rractye sarboxlicpridanalione) | s.

15 t Y Je 1 J I n be present on the
conpounds used a@ild‘ﬁ{déﬁ‘?‘géﬁ&/%"{‘%%‘éa{éﬁéﬁg%’%gg to formthe am des,
ureas or other groups at the 5-position. For exanple, the isocyanates

used to prepare the 5-_ . am nocar pbonyl am no conpounds descri ped herein
can include a tritiumbrazelo-trigzale-pyrimidinegempounds gan ¢ Prepatediusing be

easi |y incorpor agadil 'Ufniibey i dlarting with a suitably functionalized azide, and
15  reacting the azide yith H,NC(O)CH,CN to form the initial heterocyclic ring,
followed by reaction of the amide group with a dehydrating agent such as
POCI, to form a nitrile. The resulting cyano-aminotriazole can be reacted in
the same manner as the 3-cyano-2-aminopyrazoles discussed above to
prepare triazolo-u'iazolo-pyrimidines.
20 o |
Svynthesis of Radiolabeled analogues C
The compounds can be labeled with any suitable radiolabel.
Examples of suitable radiolabels include *H and 'C, but any substantially
non-toxic radiolabel commonly used in pharmacokinetic studies can be used.
25  Means for incorporating radiolabels onto organic compounds are well known
to those of skill in the art.

When the compounds are 5-[[substituted
phenyl)amino]carbonyl]amino-8-(ar) alkyl-2-(2-furyl)-pyrazolo[4,3-e] 1,2,4-
30 triazolo[1,5-c]pyrimidine compounds or 5-amino-8-(ar) alkyl-2-(2-furyl)-
pyrazolo[4,3-¢] 1,2,4-triazolo[1,5-c]pyrimidine compounds, incorporation of
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product . I n anot her enbodi nent, the radiol abel can be

i ncorporated into tke: nol ecul e while the ri\[lg systemis being put

t oget her wohg/isescussed above 25 with respect to~the synthesis of the
conmpounds of Formula |1, various tricyclic conpoundsPET/USSPRIA03 v
are hydrolyzed with HOJ to give triazoles of Formula VIIl, which are
cyclized to with cyanam de at reflux in the presence of

par a-tol uenesul fonic acid, as shown in Schene I. It is relatively

straightforward to incorporate a [err]C label at this step in the synthesis
usi ng 30 [ &trtian labalisridy straightferward. .

25 WO 00/ 15231

PCTI US99/ 21 103 | odi nat ed conpounds can be prepared, for
exanmpl e, by incor gRoaAé eRodiment, AstitdblOstakingemateridliea coinpolig@ irdr omat i ¢
conpound used to react with the 5- .. amne group. |ncorporation of

i odi ne into thighathe fanalkykgroupwbthe Scposition includes a donbledosd. Jiltel | in the

o omat 1 ¢Scon BN EoRERTE roalied With BRbihdn B ArpRucEs SURIs Bl 0 '
the conpou nd&r%ﬁaﬁalé; 9a114d0R] 6h charcoal or other knowt hpdrdicagition ¢atdlpgs.no nore

t han ordi nary ski In the art, suitable r adi ol abel ed anal ogues can
readily be prepared. 10 Synt hesi s of Fluorescently-| abel ed

fluor escenty-  ForexBpitt st ReRak PRl BRI ERRn b S ' © ©
Preferably, HiﬂﬁtiMmpyl?-ﬁi(:mﬁuryg-gpyraﬁlme}ir,ﬂﬁmﬁﬁtﬂﬁ!1,ﬁr't:] pyeimidine posi ti on,
e .

al t hough substitution at t 15 posjtion is also feasjble. In one

embodi mifit, feemmound 183} ean beypreppred)by adding tritigm grsoss the danbleibogdwdi ch can

can be-used. SHaRaRetRhaRind)rarBhA R L pronem R BIRBIRCE (1) T
the art, andpmmlbp@weﬂy,mmz%@ﬂl@ic}pyﬁmmimpaﬁd tiepcri bed

herei n usi ng_known chem stry. . Met hods of Using the Conpounds
The conpoundSorpeune 102 isidiseissed belomuwith respact to yarious kindingpfAnys and

studies on JURKAT cancer cells.

15
Alternatively, the tritium label can be present on the compounds used
to react with the 5-amino group to form the amides, ureas or other groups at
the 5-position. For example, the isocyanates used to prepare the 5-
aminocarbonylamino compounds described herein can include a tritium or
20  other radiolabels, and can therefore be easily incorporated into the final

product.

In another embodiment, the radiolabel can be incorporated into the
molecule while the ring system is being put together. As discussed above
25  with respect to the synthesis of the compounds of Formula I, various.
tricyclic compounds of Formula VI are hydrolyzed with HCl to give triazoles
of Formula VII, which are cyclized to with cyanamide at reflux in the
presence of para-toluenesulfonic acid, as shown in Scheme I. It is relatively
straightforward to incorporate a '*C label at this step in the synthesis using
30  MClabeled cyanamide.

25



ant agoni sts of the A3 receptor, including: 25 treating

hypert ensi on; treating inflanmmtory disorders’ such as '
rheurmat oi d amd00/15231 and psori asis; *
treating allergic disorders such as hay fever and allergic PCT/US99/21103
rhinitis; 30 mast cel |l degranul ation;

antitunor -agents; 26 WO
00/ 15231 :

CT/ US99/ 21 103 . gggil ' ﬁ(]ﬁg angd : .
protection agai nst ceré%drl%?teﬂi g%'ﬂé ; &ﬂb%%r%ﬁgd,h%gg e l(3ele él(lfor?%?tmg

exanpl e, in JacobsgmioabtivSiddie {9 the &Bmali8ToAfpbund used td feacwhk &d 5 of
whi ch are hereby incorporated by reference. . 5 A preferred use

for these conpoundsinegroup.t lncomeratian efioding igto aromaticiringstsavell kyowadtacer .

As di scussed bel o 1 6eli s V. (o} & A3
receptor. It is b@fpf%@ﬁ%&{lﬁrﬁhetaﬁqugﬁ%@g&%glgﬁ?q%gé@ﬁcﬁgeﬁﬁﬁx from
i schenmi ¢ danmege vintgthe@ymeic S6thpo@iidiused 86 reade dithithe 5lanithe YO 16 préfare
Several commercially available drugs as well as drugs currently in

devel opnent are g@gcempoynds describedbhereing VEGE expressi on, which cuts of f
the bl ood supply to the tunor cells. However, agoni sm of the adenosi ne A3
receptors can bring about a protective effect, preventing tunor cell death

while the cells are nopAcesdfigly,\BimncaRee tad dit §kiflih he By, suitable
adm ni stering 15 ant agoni sts of these receptors along with anti-VEG- or

ot her anti - angi og@diodabeled analagwep eamreadilyibs prepased.cel | s can be cut of f from
a new bl ood pply, as well as | ose the protection fromischemc .
injury that_ agonismof the A3 receptors provi des. 20 The C '

conpounds can be adnmi nS%&éﬁﬂofPl@r&ééﬁgﬂlaBéieﬂ Satogirgli cal |y

accept abl e nmeans. Suitable neans of adm nistration include oral, rectal,

topi cal or parenteral Asvathutieradiolabelednompeunds the syatbesis of fluprescently-

I nt ravenous) Lnistratidon, ..al.t hou ral_opor raent epal

administration a rlgb?}?g?éwéﬁ*}& is %&la éely s&a%tﬂtf%rwa.rcf Proferabl , {h2 fluorescent
groups are present at the R2- position, although substitution at the R3

15 position is also feasible. In one embodiment, the fluorescent group(s)_ .

include a furan ring which can be attached at the R3 position. Altematively_,
other aromatic rings can be used. Fluorescent labels are well known to those
of skill in the art, and can readily be attached to the compounds described

herein using known chemistry.

20
Methods of Using the Compounds C
The compounds can be used for all indications for which agonists and
antagonists of the A, receptor, including:
25 . treating hypertension;
. treating inflammatory disorders such as rheumatoid arthritis
and psoriasis;
. treating allergic disofders such as hay fever and allergic
thinitis;
30 . mast cell degranulation;
. antitumor agents;

26



27 - WD 00/ 15231 103
The anpunt of the cenpound required to be effective as a nodul at or of
an adenoijg‘go rgﬁepto will, of course, vary wt h>he i ndi vi dual. mar‘q’r%h
being tr {55Hd is ultinmately at the discretion of the neBFEAISIYPF!
veterinary practitioner. The factors to be considered include the
condition being 5 treated, the route of admnistration, the nature of
the formul ation, the manmal ' s body wei ght, surface area, age and
general condition, and the . particul ar, conpound to be adm nistered.
However, a suitable. ef f teatingcandioe hypoxia; and i n t he range of about 0.1

[err]g/ kg to about 10 / kg body wei aht fs .. preferably in the
range of about 1 ny/ kg%&%ﬁ%ﬂg@lﬂﬁ%bgﬂﬂscg%&a’lo The tot al
daily dose may be g JR8riBed, foréxatiple, 4 IGcobsbn, TIPSIMdp 1998, pp. 185-191g. , two
to six times per day, or by intravenous infusion for a selected

dur ati on. .Dosthgeentahts\oé whicthatederetiysinconpgeated by sefars86® are within the scope
of the prgsent invention and may be administered to the individual patient
if 15 deésired and necessary. For exanple, for a 75 kg mammal, a dose
range woul d heprb Al udSfdtithése c%?iﬂ&un&@&imh@&éte@&m ardior a t ypi cal

dose woul d be about 150 ng per day. If discrete nultiple doses are
i ndi cat ed, t rizeatmenttof cancer. disgliscusses belpwytusaorsesllgHave beenshovdied gi ven 3

ti mes per day, 2 [ ne,an [ ' [ ' d
conpounds ca n“RPEeSS ?he A TeeRICki g‘t’i\ gé@&iegﬂgﬁgg% ?‘g 2 'ceP%Jr}epﬁélr%gtg giég Qgig
perforning anfragmSscheiic 88hagdwhen they do ndtliecdive s Bdeguate blosd supplyf

cancerous tunor cells expressing A3 receptors. ]
10  Several commercially available drugs as well as drugs currentllyn_l

development are geared toward inhibiting VEGF expressién, which cuts off
the blood supply to the tumor cells. However, agonism of the adenosine A,
receptors can bring about a protective effect, preventing tumor cell death
while the cells are not receiving an adequate blood supply. By administering
15 . antagonists of these receptors along with anti-VEGF or other anti-angio genic
compounds, the tumor célls can be cut off from a new blood supply, as well
as lose the protection from ischemic injury that agonism of the A; receptors

provides.

20 The compounds can be administered to a patient via any medically
acceptable means. Suitable means of administration include oral, rectal,
topical or parenteral (including subcutaneous, intramuscular and intravenous)

administration, although oral or parenteral administration are preferred.

27



Thé conpounds described herein as having a relatively high affinity for the-
A3 receptor subtype are advantageously adninistered to a patient, and after ’
25 the co%@ﬂ?fi&*"bi nd to the A3 receptors present in the tunoPCEUSI%21I0he
| ocation of the conpounds can be determ ned by determ ning the | ocation of

t he radi ol abel ed conpounds. Devices for determ ning the |ocation and

density of radiol abel ed conpounds are well known to those of skill in the
art. 30 The use of radiol abel ed and/or fluorescently | aaﬁl ed
conpounds dur i idreamepnt e compound required i be s{fectiveas AmedHalr so be
88)’?2;2%%“5 ' of an adenosine receptor will, of course, vary with the individifdl mammat 'O
PCT/ US99/ 21 103 being treated arfd {s@Mtimatsl 8OMhE distRetidrooLhe wiclie op vetetinargov al
of the cancerous tisSsue. The r7adi ol abel ed or fluorescent]y | abel ed

conpounds can bepeattitionen SFhaifactors to be considered innludg thespndisiopbemgr duri ng
the surgery, .and Wl l. bind to e.cancer _cells 0.t he
patient. The5t [ né‘eﬁtha ﬁifﬂﬁ“fﬂflép%ﬁ“\%ﬁﬁ?“’\fgw?“%BS% fﬁé,ﬁﬁﬁggn’ tg?mng ot her
factors, on the ﬁ%ﬁhﬂ’s@odﬁei@f}sﬁfﬁb@ﬁr&?ﬁ@@&ﬂﬂgéﬁa}tcbﬁdition, and therti cul ar

tumor cells, and the locati"on Of ‘the tunmor in the body. The . surgeon
then has a rel at pasicylas comipghod ¢o herdministeyed. olfowsven aisnitahje effective dose

f i dual | | f ' h o f.
et dual - Lumor o8 PUBE EeB et aBou 0 s S RSt R et iR B0 ©

radi oactivity at ptdferaBRAahE Yehgd dfbolif1 Ritle/RB a6 HboGS m?,ﬂdgip‘@ﬁawe” known to
those of skill in the art. Detection of cancer cells in

vitro can bdOperformed by adninistering t he conpounds to a ' (\
suspensi on of cells i Cl*ﬁ‘ ulture nedia, .allow n h 5 dto

bi nd the adenosi ne ASDthikg gpgy gﬂs? Wéyé’grﬁlg?n gt Fgl,gﬁea%’&%’ multqugg‘g#g’cti ng

the |abel .. e.g., two to six timles et iay, /0By intravenous infusion N8 selegipdunds

descri bed above are preferably adm nistered in 20  formulation including
an active conpousdiratione Dosagesoaheyerat below gheange cited above are ythimthe sapps, an

bl ' f he.node of adm ny i.on. i . « e
phar maceut | cal |y Skaedspea BNERpPRard HEbE MR Bre WO gpptpaticntif

art. 15  desired and necessary. For example, for a 75 kg mammal, a doserange
would be about 73 mg to about 220 mg per day, and a typical dose would be
about 150 mg per day. If discrete multiple doses are indicated, treatment

might typically be 50 mg of a compound given 3 times per day.

20 In another embodiment, the radiolabeled compounds can be
administered to a patient for purposes of performing an assay to determine (
the presence or absence of cancerous tumor cells expressing A, receptors.
The compounds described herein as having a relatively high affinity for the
A, receptor subtype are advantageously administered to a patient, and after
25  the compounds bind to the A, receptors present in the tumor cells, the
location of the compounds can be determined by determining the location of
the radiolabeled compounds. Devices for determining the location and

density of radiolabeled compounds are well known to those of skill in the art.

30 The use of radiolabeled and/or fluorescently labeled compounds

during surgery for removal of cancerous tissue can also be advantageous.
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The conpositions can optionally include other therapeutically active 25

i ngredi.ents such as; ahtivirals, antitumor agents_antibacterials, anti-

i nf | ammawobo/eses anal gesi cs, and i nmmunosuppresants. The car rgcefysasnt 163e
pharmaceutically acceptable in the sense of being conpatible with the other
ingredients of the formulati on and not deleterious to the recipient

t her eof . 30 The formul ations can include carriers suitable
for oral, rectal, topical or parenteral (including subcutaneous,

i ntramuscul ar_and i ntravenous .
29 VWO en; syrgeons need to)ensure complete removal of the cancerous tissue.

PCT US997 21 3 radiolabeled or ffUR&YeRt1) Ut comiifiuRi Bt bebdingfiderddot hose

suitable for ‘oral or parentera mni'stration.

For nul at i ons asphitieabeithek Gefare be during thesingerysandwilbbind do theeanaen gellss
I nclude sterile aqueous preparation of .the aciiv lch is

A d
preferably i Pressnt o the patiente %e&me“a@mf%}%‘&ﬁ‘%ﬁo n,en en N
fornmul ations amon(grotﬂa-yfagﬁg'é’%ﬂ'tﬁghjegag%&?h?éﬁflgﬁ ddnSsbusfd! fOF thed% dextrose in

distilled water sal’i'ne. t1ons al so include
concent r at ed paefistilaratnmod celig lahd the locatiow ofitheitumogin the bodypdbad of fornul a
(1) which upon dilution with an 1

o . ropri ate solvent. give a sol ution
sui tabl e for SHESORAED bams Feafively ms@%g%@d assay f(.)rée\{ennmglg 8r enteral
adm ni strati QRecdnBE of HP%@PCQE dﬁéﬁ‘?&ﬁ@ﬁi@g%’e tuitic?. dhe presence OET

carrier in di‘'screte units s as capsul es, chets, tablets or |ozenges,
each cont ai niregjdaalmadetelistandst determined by nheasuring flworesgenoent; as a 15

owder o ranyl es; .or a, suspensi on or,solution in.an.a 0 i quid or
ﬁon- {o gacfﬁ actiyifyatithe °E‘?’§t.1}’e SitS WSS, “éiﬂ’é’ﬂ ‘iq 9esqu§ﬁ%?l*’§’? &)dnqor a

draught. Suit 13 kg ers may be starches or sugars and incl ude
| ubri cants, ftﬁg%/ﬁflsrl%nsl,n@?rﬁérs_ and other materials of the sane

nat ur e. 20 A tabl et may be made by conpression or nol ding,
optionally with Qne Qr nore accessory ingredients. npy, d tablets
may be prepared byDetection eheancETesl "ivm%%i’?ﬁﬁﬁ%%m#@[c‘m ?\‘%Iﬁﬁg i ve
conpound i n apk cEfipbltlY 8% suspension of cells in cell culture media, allowing the

15 compound to bind the adenosine A, receptors on the cancer cells, and

detecting the label..

Formulations
The compounds described above are preferably administered in

20  formulation including an active compound, i.e., a compound of formula I,
together with an acceptable carrier for the mode of administration. Suitable
pharmaceutically acceptable carriers are known to those of skill in the art.

The compositions can optionally include other therapeutically active
25 ingredients such as antivirals, antitumor agents, antibacterials, anti-
inflammatories, analgesics, and immunosuppresants. The carrier must be
;Shannaceutically acceptable in the sense of being compatible with the other

ingredients of the formulation and not deleterious to the recipient thereof.

30 The formulations can include carriers suitable for oral, rectal, topical

or parenteral (including subcutaneous, intramuscular and intravenous}
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form e.g., a powder or granules, optionally m xed wth accessory
ingredients, e.g., binders, lubricants, inert diluents, surface active pr .
25  di spersWQO0UH33t s. Ml ded tablets may be nmade by nol di ng i rbeer/gsdokdiise
machi ne, a m xture of the powdered active conpound with any suitable

carrier. A syrup or suspension may be nmade by addi ng the

active conpound to a 30 concentrated, aqueous solution of a sugar, e.g.,
sucrose, to which may al so be added any accessory ingredients. Such
ggc essor yv\bng(r)/eclils br;[}l%isr@fio'n.n (ﬁrgt%g‘ed carriers are those suitable for oral or parenteral

PCT/ US99/ 21 103 administrationf | @vori ng, an agent to retard crystallization of
t he sugar or an agent to i ncrease the solubility of any. ot her
ingredient, e.g., as a polyhydric al cohol , for exanpl e, glycerol or

sorbitol. 5 ound ap_a so .ered Iocal

topi cal application ﬁ %mlfﬁ’f%ﬁfpaﬁem sé@h? angenluatl on or
pol ymeric matgri a«ilncfli°d@rstc:n1e mu%%ﬁratﬁf&ﬁh@ﬂéﬁ@é&mg&ﬁﬁ@hcw ch may be
prepared by conventi onal hods known in the art of pharmacy. In

addition to the sprefarably,isatomicveith the blood oftheaegipipat., Thus, isuch formuddtionsr i ¢
base and the active ingredi cal, 1 f or nul. at,i al so
contain preservatPgE§0 9}6 ’ﬁﬁ‘e‘?n t‘Y%?fa?/‘hg?’f%e m dIS?ﬂBﬁin Cutical
agents. salinel F‘Us&"ﬁll%ﬂnﬁhﬂﬁtuﬁz&ralé&ﬁfcﬁlde%ﬁbéhtﬁté&ﬁdlﬁfbd@df fids
presented as a suppositor th a conventional carrier, e.g., cocoa

butter or Wt epsotontEging ti/xaampund)of ﬁmnuqu)]wmleupmmmemthan

oy b aim i er SRR B SR BE ve p soluion syl i Sl imibabardBUR ) (-

Met hods for preparing |iposones and m crospheres for adm nistration
to a patient are well known to those of skill 20 in the art. U S. Patent
No. 4,789,734, the conFeneutersl administration, theraspypound canibedoeqrperatastinkyan

RNl A T —

each containing a predetermined amount of the active compound; as a

15  powderor granules or a suspension or solution in an aqueous liquid or non-
aqueous liquid, e.g., a syrup, an e11x1r, an emulsion or a draught. Smtable
carriers may be starches or sugars and include lubricants, flavorings, binders,

and other materials of the same nature.

20 A tablet may be made by compression or molding, optionally with
one or more accessory ingredients. Compressed tablets may be prepared by (
compressing in a suitable machine the active compound in a free-flowing
form, e.g., a powder or granules, optionally mixed with accessory
ingredients, e.g., binders, lubricants, inert diluents, surface active or
25  dispersing agents. Molded tablets may be made by molding in a suitable
machine, a mixture of the powdered active compound with any suitable

carrier.

A syrup or suspension may be made by adding the active compound to a
30  concentrated, aqueous solution of a sugar, e.g., sucrose, to which may also be

added any accessory ingredients. Such accessory ingredients may include
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solution, the appropriate phospholipids and |ipids added, along with
surfactants if requitred, and the material dialyzed,or sonicated, as
necessar Wwo 8fris23fy revi ew of known nethods is provided by G P 9i,2q%3s,
Chapter 14, "Li posones,” Drug Carriers in Biology and I'crne, pp.
287- 341 - (Academ c Press, 1979). M crospheres formed of polyners or
proteins are well known to those skilled in the art, and can be

tail ored for passage through the gastrointestinal tract directly into
t he bl ood strﬁam Al ternatively, the 30 conpound can be incorporated and

t he m crosphe é@%%é&%é‘?f%ﬁfyﬂammﬂﬁ%% FugEoranagenhtoed for sl ow

gi' case ove! @ﬂ%&é?{i sBlublitfDraR) St ih4rRMient, e.g., as a polyhydric alcohol,

PCTI U899/2110ﬁ->rexample g}ycaeysrgabimnt hs. See, for exanple, U S. Patent Nos.
4,906, 474, 4, 925, 673 and 3, 625, 214, the contents of which are hereby
i ncorporat‘ ed by reference. Preferred mcroparticles. are those

et 85 mma. THEShOHARE ol psgh¥ et el bbb BslidEen .,

readily deterafmaﬂmimﬁlammeﬁ: Qteand; gel, ll@ﬁoﬁhﬁp@lp‘mencmatdﬁ@lecfdt ng on various
factors, including the des%led rate of drug rel ease and t he desired

dosage. 10 cxample, affjuronis nuBASFlwhickymayhe prepared By eanvisptigedlt ed in unit

the art of " metodfRinlTHn 85 o GiRERatY. Briaditiod B E%Bi“?%ﬁb%héfﬁg"t“ﬂe' !
active conpougréam, gel, lonaherpémmtbasaandmb mmlin%{edzfenﬂlsmlah fopicdli t ut es one
e rormu atlons are

nor e ces redients. In general
prepared?ﬁy u#%rmg}a#pysma contaif PrAseR vss,upﬁgﬁlmgs,tammmw aefiypund into

associ ati on | \rrier or a finely divided solid carrier
and then, if ea?rggcé%drugh'lagﬁﬁél ng the product into a desired unit
dosage form In addition to the aforenentioned ingredients,

t he fornul ati ons_nmay further inpclude one or nore optional gccessory
i ngredi ent (s) ut F‘Pfiﬂt‘ﬂ%!ilq!ﬁ forrectal administratian %&bmteéaas & SUPROSIEAY ons,

e.g., diluentg, Q%Bﬁféxﬁmngll &}‘r%ﬂ Qg gg:g %ﬁutter or Wlt@ﬁ%qgﬁ (Bﬁ&éﬁﬁ‘fce?f%t | ve

agents t hi ckeners rrcan reservati ves
(includi by anDymamiteNobgl Clizthitsle Geiligny;, for asupposxtory base.

Alternatively, the compound may be administered in liposomes or
microspheres (or microparticles). Methods for preparing liposomes and
microspheres for administration to a patient are well known to those of skill

20  intheart. U.S. Patent No. 4,789,734, the contents of which are hereby
incorporated by reference, describes methods for encapsulating biological
materials in liposomes. Essentially, the material is dissolved in an aqueous
solution, the appropriate phospholipids and lipids added, along with
surfactants if required, and the material dialyzed or sonicated, as necessary.

25 Areview of known methods is provided by G. Gregoriadis, Chapter 14,
“Liposomes,” Drug Carriers in Biology and Medicine, pp. 287-341
(Academic Press, 1979). Microspheres formed of polymers or proteins are
well known to those skilled in the art, and can be tailored for passage through
the gastrointestinal tract directly into the blood stream. Alternatively, the

30  comopound can be incorporated and the microspheres, or composite of

microspheres, implanted for slow release over a period of time ranging from
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25 Determ nation of the Degree of Activity for the Tonpounds

The activity of the conpounds can be readily determ ned Using no nore .

t han routine WREMSRMnt ati on using any of the foll owi ng assays. pcTUS99/21103
32 WO 00/ 15231 _

PCTUS99/ 2 1103 Rat Alerr] and Alerr] Adenosi ne Receptor Binding
Assay " Menbrane preparations: Mal e Wstar rats (200-250
g) can be decapitated and the whole brain 5 (m nus brainstem striatum

and cerebel | um dj t t igmupt ed
A morvtr o soUEFeRIBGRE. SEE. fof BRaiphR, U.S, Patent N2 UTHEAM, bbodieysup: o

honmogenat e can t hemd B;ﬁZGeﬂM; thieopatierits of §/hikiDarg Hemby]xﬁcoxporatedvbyl refemtncd:e
pell et resuspended in Tris-HCL containing 2 11U mM adenosine -
deani nase, type VI (Si gma Chem cal Conpany, St. Louis, M., USA). 10 -

After 30 mn incubat ipp &Edﬁﬁéﬂf’?{‘ﬁl&&%mw@ﬁ%dm%& ahfeuged and

t he pellets store atal“tissues can~be honobgeni zed
with a Polytrdn polymers, sith umpolyfglﬂblnm Polykactide ahd témolyment thereofigThaseMM

MyCl [err] pH 7. 4. te can.then be centrifuged at 48,000 g
for 10 mn at 4] e?ggﬁnéﬂahemcan mnﬁ’ﬁn???@pﬂ@e%% S€Bht ai ni ng 2

| U nt adenosi ne d&??nﬁﬁ%on %oﬂa%fgfrsﬁﬂdﬁhgg tpg}[dgﬁ}é d?étf ﬂ%%l@l& and

menbranes can be centrituged an store

Radi ol i gand bi ndi thy desired dosage20 Bi ndi ng of [[err]H]-DPCPX

(1, 3-di propyl -8-cycl opentyl xanthine) to rat brai n nmenbranes can be
performed essentially according to the nethod

10 The formulations may conveniently be presented in unit dosage form
and may be prepared by any of the methods well known in the art of
pharmacy. All methods include the step of bringing the active compound
into association with a carrier which constitutes one or more accessory
ingredients. In general, the formulations are prepared by uniformly and

15 intimately bringing the active compound into association with a liquid camer
or a finely divided solid carrier and then, if necessary, shapmg the product

into a desired unit dosage form.

In addition to the aforementioned ingredients, the formulations may
20  further include one or more optional ac.cessory ingredient(s) utilized in the
art of pharmaceutical formulations, e.g., diluents, buffers, flavoring agents,
binders, surface active agents, thickeners, lubricants, suspending agents,

preservatives (including antioxidants) and the like.

25 Determination of the Degl_"’ ee of Activity for the Compounds
The activity of the compounds can be readily determined using no more

than routine experimentation using any of the following assays.
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previously described by Bruns et al., Proc. Natl. Acad. Sci. 77 5547-5551
1980. Di'spl acenent experiments can be perforned {1 0.25 m of buffer

cont ai ni |@ goy1dMy[ [err] H - DPCPX, 100 [err]| of diluted rrenbr s%fzfx"i}S
brain (100 25 [err]g of protein/assay) and at |east 6-8 d erent
concentrations of exam ned conmpounds. Non specific binding can be
determ ned in the presence of 10 [err] M of CHA

(N6cycl ohexyl adenosine) and this is always [err] 10% of the total

bi ndi ng. | ncubatlon ti mes are. ty| cally 120 m n at 25[err] C. 30

Bi ndi ng of [eRajAgmd A sineReceptorn BindingAssayhy| ) - 2- (2-furyl | -

yrazol 0[4 3- il! ?4 trlazch(ﬂsl 5-c]pyrimdine) to rat striatal rrenbranes

€ preparatio

PCT/ U899/21103 (100 [err]g of protein/assay) can be perforned

according to net hods descri bed in Zocchi et al., J. Pharm and Exper.
Ther. 276! 398- 40Male Wistar rat$)(200-250 gheanhé dmpltat:&dnéﬂle wholedmin 6-8

di f f t trat f h d. No
apeci {1 ¢ B ndeHguL BireemetERa et prrepplumE SRt £8° Gpdelin Tl of "
NECA (5' - (N eﬁéauéWM&Hﬁﬁmy&eh (setting 5) I2ONGIE 08 SO mMETHS typi cal ly

60 mn at 25[err]C and free radi oactivity can be

separ at ed by HCLH 7:49 'Ehcehmmate can mm&c@ﬁﬂgﬁﬂéﬁsm& 18r/ B

I fib filt B jth b , MD,
035110 | e AnRRAEL e 1 ol MRS,

i ncubati on btdefaﬁﬁnasre ?ﬁélw r%seg%ﬁﬂmlkhh&ﬂr@&ngﬁgff,sm.d‘uhé 6. USA) can be

washed three tines w i ncubati on Thé filter bound

r adi oact 19i t yARem3Gmindineubatien atf3>’&°<é>¢h¢rme@nbm9es| qaqlhe@egmfmd angt then

spectrometry. n.can et xanpl e, 15
accordi ng to R %ﬁoﬁﬁgggﬁ(ﬁ?? gaggtgglécsc (,he%o%} ﬁfri%"f?%g%ly?rfﬁm))

wi th bovine ahmsmdl o SOSVETROEICIS baffepéshtaining IOmMM@(D'Izﬁbmad Theer 1]
Adenosi ne Receptor Binding Assay Recept or bi ndi ng assays: Bi ndi ng

assays can behamagenaie csntthercboeentrifuged 238,000 fosd9 miaat 4°Ceandi n Sal vat or e

et al., Pr oc 9 103 .1993 saturation
st udi es, arleg%ngede?ﬁngmﬁ‘?ﬁgh Bg&f ?1‘3“&?‘%& ZEW ’PA a}denoéme% %’P%#?—EK— 293
cells tr PGISf AR @Bk xridilBat*MWBT@ Qi Brdnes Cah Béi@éiiﬁ&ﬁig@d and the

pellet stored at -70°C.

Radioligand binding assays:

20 Binding of PH}-DPCPX (1 ,3-dipropyl-8-cyclopentylxanthine) to rat
brain membranes can be performed essentially according to the method
previously described by Bruns et al., Proc. Natl, Acad. Sci. 77, 5547-5551
1980. Displacement experiments can be performed in 0.25 m! of buffer
containing 1 nM [PH]-DPCPX, 100 ! of diluted membranes of rat brain (100

25  ugof protein/assay) and at least 6-8 different concentrations of examined
compounds. Non specific binding can be determined in the presence of 10
uM of CHA (N°cyclohexyladenosine) and this is always < 10% of the total
binding. Incubation times are typically 120 min at 25°C.

30 Binding of [°H]-SCH 58261 (5-amino-7-(2-phenylethy!)-2-(2-furyl)-
pyrazolo{4,3-€]-1,2,4-triazolo[ 1 ,5-c]pyﬁmidine) to rat striatal membranes
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receptor (Research Biochenical International, Natick, M\ USA) can be
I ncubated with 10-12 different concentrations of [err] AB- MECA rangi ng 25
from0.1 to WeM1R3hpetition experinents can be carried out in REWPUSIR 03

in a final volume of 100 [err]l in test tubes containing 0.3 nM

[ err] AB- MECA, 50 MM Tris HCL buffer, 10 mMM MgCl[err], pH 7.4 and 20
[err]] of diluted menbranes (12.4 ng protein/m) and at | east 6-8
di fferent concentrations of exam ned |igands. 30

34 WO 00/ 1533 f protein/! formed according to methods described
PCTI US90/ 21 203 (100 4B of protein/agsay) pan be perform &

time was 60-m n at 37L1err]C, '
according to the incBadchietodl., 3y Bhvirouand Exper. Thee 276139840k (0% el s. Bound
and free radioactivity were separated hy.. filtering the ass m xt ure
t hr ough What nan Cﬁ‘?@%ﬁ!ﬁ’sﬁt‘?‘?‘ﬁg@t ran"t %Bsdl{feﬁeﬁbc%ncemaHO‘%r%éFd%rﬂ%@
harvester. Non-spgglfi Al dff,! ; | H4 bB defeBmined ini&ESENCE
of 50 [err]M R PI‘:'?A(\Qh %ﬁmgﬂg%lgﬁbte% gffh{kﬁggﬁg%fgﬁ%gf&me ' ilncubat I on
m xture was & | utpdsesicepf30MMT NECA(S!-(N-ettpdémboxamido)ddenpsine).  rapi dl y
vacuum filtered and the filter was washed three times with 3 m of

i ncubati on buf f erincybation time s HPIGY0mBbatd Gty was counted in a Beckman
gamma 5500B y counter. The protein concentration can be determ ned 10

according to a Bio-Rad nethod (3) with bovine al bumin as reference
st andar d. DaBauridh ahd fies radiddctivity cahibeisbpdrateyd byi filenneg themsgaynt |

Klerr], values can,be calculated fromthose | ] err cqrding to
t he Cheng & Prudefx’-'B’EﬁfiF‘?%li‘ Voegiman QE@E*ﬁ%‘ng‘,’ ﬁltersusm%bg%gﬁfc&ar macol .
22:3099- 310 197 NI Al Frelayt * ;

[C] is the81c({)ncen r%s[t%%@%%xeﬁsﬁlel% %Pbplgégm}. hgﬁlaé%ﬁﬁﬁ%%&&? fséﬁgglg ?gtd }lgtned
const ant . 20  with 3Anfvef Fetcotd eabitiorcbufférpmpidly yuonan filtersdbarid theifilgr

program LI GAND (Munson and Rodpard,. Anal . Bi ogﬁ_ Jr%ﬁﬁzo 239

(1990)) can be us%¥® hegwashed threetispgswith 3 apbefiacubaiion atling flign pound

i nhi bition experi . ; | I E08 geonetric

mean, wth 95% or'qg oE %ﬁ%%éﬁ% gleﬁs%c?’sfo} ¥9érﬁﬁ‘l|e, by e 1dtion -
spectrometry. The protein concentration can be determined, for example,

15 according to a Bio-Rad method (Bradford, Anal.-Biochem. 72:248 (1976))

with bovine albumin as reference standard. =

Human cloned A, Adenosine Receptor Binding Assa

Receptor binding assays: | Binding assays can be carried out according to
20  methods described in Salvatore et al., Proc. Natl. Acad. Sci. 90:10365-10369

(1993). In saturatién studies, an aliquot of membranes (8 mg protein/ml)

from HEK-293 cells transfected with the human recombinant A, adenosine

receptor (Research Biochemical International, Natick, MA, USA) can be

incubated with 10-12 different concentrations of ['*’I[)AB-MECA ranging
25 from 0.1 to 5 nM. Competition experiments can be carried out in duplicate

" in a final volume of 100 ul in test tubes containing 0.3 nM ['*I]JAB-MECA,
50 mM Tris HCL buffer, 10 mM MgCl,, pH 7.4 and 20 ui of diluted
membranes (12.4 mg protein/ml) and at least 6-8 different concentrations of

examined ligands.
30
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I n parent heses. 25 EXAMPLES
The foltowi ng exanples illustrate aspects of thig_jnvention but shoul d

not be GpHo/isRd as limtations. The synbols and conventi onsg§§shd1R03 hese
exanpl es are intended to be consistent with those used in the contenporary,

30 I nternational, chemcal literature, for exanple, the Journal of the
Aneri can Chem cal Society ("J.Am Chem Soc. ") and Tetrahedron.
35 WO 00/ 15231

PCT/ S99/ 21103 L ; r :
B LA o kol 5. ( Jnpubation time wak BB db'37°CC BHoRihg o @i results of previons

ell, 2, 4-tri aziphetdurSe experirhentsi Boand Gndfies natlioddliviigwere separated by
wer o pr epar cdiliwaiby psey kg Srpbah Wb SR SR AN o ng
Scherme M © Brandel cell harvester. Non-specific binding was defined as binding in the
5 presence of 50 zM R-PIA and was about 30% of total binding. The

incubation mixture was diluted with 3 ml of ice-cold incubation buffer,

rapidly vacuum filtered and the filter was washed three times with 3 ml of

incubation buffer. The filter bound radioactivity was courited in a Beckman

gamma 5500B vy counter. The protein concentration can be determined

10 accbrding to a Bio-Rad method (3) with bovine albumin as reference

standard.
Data Analysis

15 Inhibitory binding constant, K,, values can be calculated. from those of
IC,, according to the Cheng & Prusoff equation (Cheng and Prusoff,
Biochem. Pharmacol. 22:3099-3108 (1973)), K, = IC,,/(1+[ C*}/Kp*), where

[C*] is the concentration of the radioligand and K* its dissociation constant.

20 A wei ghted non linear least-squares curve fitting program LIGAND
(Munson and Rodbard, Anal. Biochem. 107:220-239 (1990)) can be used for

computer analysis of saturation and inhibition experiments. Data are

typii:ally expressed as geometric mean, with 95% or 99% confidence Iimits
in parentheses.
25
EXAMPLES
The following examples illustrate aspects of this invention but should
not be construed as limitations. The symbols and conventions used in these
examples are intended to be consistent with those used in the contemporary,
30  international, chemical literature, for example, the Journal of the American
Chemical Society (*J.Am.Chem.Soc.”) and Tetrahedron.
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36 WO 00/ 15231
PCT/ US99/ 21103 Schene VI. Ceneral procedures for the . ’
preparation ool kyl - PCT/US99/21103

2-(2-furyl)-pyrazolo[4,3-e]1,2,4-triazolo[1,5-c]pyrimdine (18-25)
Reagents: a) NaL, DMF, RX; b) HC(CEt)[err], reflux; c) 2-Furoic hydrazide,
[err], flash chromatography 5

Example 1: Preparation of 8-(Ar)alkyl-2-(2-furyD)-pyrazolo[4,3-

e]l,.2,4-triazolo[1,5-c]pyrimidines (Compounds 18-25)

8-(Ar)alkyl-2-(2-furyl)-pyrazolo[4,3-€]l,2,4-triazolo[1,5-c]pyrimidines
5  were prepared according to the synthetic strategy shown in the following
Scheme VI.
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25 In the preparation of conpounds 18-25, a solution of 1 (10

mol ) in 40 n1 of DMF cooled to O[err]C was treated with NaH (60%in
oil, OQ ‘- several portions over 10 M-Autes. After 45 m nutes,

t he appror%g ?%’B ar)aIIyI 30 halide (12 nmol), was added REA/UYS2IWActi on
m xture was allowed to warm to 25[err]C and stirred for 3-5 h (TLC
EtOCAc 1:1). The reaction was quenched by addition of Herr]0O (80 m),
and the aqueous | ayer was extracted with Et OAc (5 x 25 mM). The
organic |l ayers were reconbined, dried [err] filtered and concentrat ed

at reduced press tBohznted/tham'al peoceduyesfordhe pregariationdfB-(AAjalkyds
| nsepar abl e m%{;lrjél 8f N[erri and N2 isoners_(ratio, approxiimtely 1:4).
Thi's ryh-pyrazele %G]W'§UB§Q1P[1L§'6}PY4'"E}@HS @82%Mno pyrazol es

(2-9) vas thelReagents: %) Safl, YAVtE e@my SRR il L he
| ¢ r e g6l vent Was th
?grrgt/lagnum;rvacm% q)hp 6 %0% 'X"Fﬂ ’@BH tl'?utsgd by thesmtx'?lrjlre

of imdates (10-17) was dissolved 2-

37 WD 00/1 5231 CN
PcT/ usssnz 103 met hoxyet hanol (50 and 2-furoic acid hydrazide
(13 nmol ) was adde ! \ The W &t yre wa uxed for 5:B0O h, then, after
cooling, the sol veMi renoved u pressure and the dark
oily resilue was cyc | zed 2 further a her i fication in diphenyl
ether (50 nl) at 260fgerr]C using a '5 Déa tark for the azeotropic
elimnation of water produced in the r eRct i on. _ After 1.5 h, the
m xture was poured orit o hexane (300 m) and%_ ool ed. The eci pitate
was filtered off and~purified by chromatography (Et OAc/ hexakfe
15 o)
CN ' N
[ N
N od ~
A Fal —e
20 \\N N~ TOEt R—N_ /|
g N= N7
> R N
10-17 : ' 18-25

25

In the preparation of compounds 18-25, a solution of 1 (10 mmot) in 40
ml of DMF cooled to 0°C was treated with NaH (60% in oil, 12 mmol) in
several portions over 10 minutes. After 45 minutes, the appropriate (ar)alky!
30  halide (12 mmol), was added and the reaction mixture was allowed to warm
to 25°C and stirred for 3-5 h (TLC: EtOAc 1:1). The reaction was quenched
by addition of H,0 (80 ml), and the aqueous layer was extracted with EtOAc
(5 x 25 ml). The organic layers were recombined, dried (N2,SO,), filtered
and concentrated at reduced pressure, to afford the alkylated pyrazole (2-9)
35  asinseparable mixture of N! and N? isomers (ratio approximately 1:4). This
mixture of N' and NZ-substituted-4-cyano-5-amino pyrazoles (2-9) was then
dissolved in triethyl orthoformate (60 ml) and the solution was refluxed
under nitrogen for 8 h. The solvent was then removed under vacuum and the

oily residue constituted by the mixture of imidates (10-17) was dissolved 2- .
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1: 1}. In this way, the major product (N err] alkylated). (18-25) was
good overall yield. 10 Following this general '

obtained in a

procedur e t N O 15e ng conpounds have been pr epar ed: PCT/US99/21103
8- Met hyl - 2-(2-furyl)-pyrazolo[4,3-e]1,2,4-triazol o[ |
yield 45% vyellow solid, mp. 155-156 [err]C (Et QAc-light petrol eum;

(KBr): 1615, 1510cnjerr] 'HNVR(DMSOd[err])[err] 4.1 (s, IH;6.32(m 1H);
7.25 (m 1H); 8.06 (m 1H); 8.86 (s, 1H), 9.38 (s, 1H)

yi ol 0 50% pal o JePERYEBR Qo hod 2yt ap By Rusiae (B BHATVE Aueky ) =0

(KBr): 1620, 1500Tevnextote wasd fdﬂu]de 451 U’Mﬁ(hsﬂ, Qﬁél] doo[lmgr fhe sﬂ)lv@it was 2H, J

=7); 4.53 (q,

2H, J=7); 7.64 (s

8.34 (s, 1H): 9. memoyed ppgler reduced prssanrw;% ﬁ@qazkpdmzald@ a&m&p&ds 3

1,2,4-triazolofl,
189-190 C (Et QAc

[err]H NMR (DVBO Idéaﬁf-Sia):k Fsithé azébtitpid Elimitdtion of water o&&ced in the redctiéh.(m

2H); 4.41 (q, 2H,

8.32 (s, 1H): 9. vdftes]

1,2,4-triazol of |

AR R Biceton B ciphen] By tip F) e D802E sl

J=7): 6.60 1H); 7.24 1H) :
{5, the mixtizs whepasired pun hekana (300 myarbasiolde, T,

o b saac ( RGP it & h)r%nd psifie] 6 ChidRiodhBbiy AR n

38 “WO 00/ 1528}, In this w?,gf the maéor Oproduct (N8 alkylated) (18-25) was obtained in a
PCT/ US99/ 21103 Br): 1500 cnferr] ; [err]H NVMR (DVSO
dlerr]) [err], ogpoeirﬁvemlsywlds (m 2H); 1.9 (m 2H); 4.5 (t. 2H, J

—7 2); 62( 7.3 (m 1H); 8.0 (m 1H); 8.9 (s, 1H); 9.4 (s,
galsopen

1 2 4- trlazolo[l

15

20

25

30

tyl-2-(2-furyl-pyrazol o[ 4, 3- €]
- CFolewitigdhidqzeneral prdcédure the following compounds have been

prepared:

8-Methyl-2-(2-furyl)—pyrazolo[_4,3-e]l,2,4-triazolo[l,5-c]pyrimidine (18)
yield 45%; yellow solid, m.p. 155-156 °C (EtOAc-light petroleum); IR
(KBr): 1615, 1510 cm™; 'H NMR (DMSO d)) & 4.1 (s, 1H); 6.32 (m, 1H);
7.25 (m, 1H); 8.06 (m, 1H); 8.86 (s, 1H), 9.38 (s, 1H).

8-Ethyl-2-(2-furyl)-pyrazolo[4,3-¢} 1?2,4-triazolo[l,S-c}pyrimidine 19)
yield 50%; pale yellow solid m.p. 188-189 °C (EtOAc-light petroleiun); IR
(XBr): 1620, 1500 cm™; 'H NMR (DMSO do) 6; 1.67 {t, 2H,J =7); 4.53 (q,
2H, J=T7); 6.59 (m, 1H); 7.23 (m, 1H); 7.64 (s, 1H); 8.34 (s, 1H); 9.10 (s, 1H)

8-Propyl-2-(2-furyl)-pyrazolo[4,3-¢] 1,2,4-triazolo[1,5-c]pyrimidine (20)
yield 60%; yellow solid m.p. 189-190 °C (EtOAc-light petroleum); IR
(KBr): 1600, 1505 cm™; '"H NMR (DMSO d,) 8: 0.98 (t, 2H, J = 7); 2.03-
2.10 (m, 2H); 4.41 (g, 2H, J=7); 6.60 (m, 1H); 7.24 (m, 1H); 7.64 (s, 1H);
8.32 (s, 1H); 9.10 (s, 1H). o

8-Butyl-2-(2-furyl)-pyrazolo{4,3-e] 1,2,4-triazolo[1,5-c]pyrimidine (21)
yield 50%, pale yellow solid m.p. 245-247°C (EtOAc-light petroleum); IR

38
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yield 54% pale yellow solid m p. 235 237C (Et QAc-light petroleum; IR
(KBr): 1635, 1510, 1450 cnferr]'; 'H NI\/R(DIVIS Q)_/[er ]; 1.0 (d, 6H J =
6.2); woooks231l-'9 (m 3H); 4.6 (t, 2H, J =7.4);, 6.6 (m lg.ttpm 7.36m
1Hy; 7.7 (m 1H); 10 8.8 (s, 1H; 9.1 (s, | H) S99/21103

8- (2-1sopentenyl)-2-(2-furyl)-pyrazolo[4,3-e] 1,2,4-triazolo[l, 5-

c] pyrimdine (23) yield 48% vyellow solid mp. 210-212[err]C

(Et OAc-light petroleum; IR (KBr): 15 1625, 1500 1430 cnjerr]; [err]H

NI\/R DVSO d 1.79 5 (d, 2H J
6)( 5. 55- E?}%é])z méleé,h)soosne'o‘émﬁ{gbmqao@w @); 3H); b ((%Sﬁg (

8.34 (s, 1H

- 5 Phonyl oy s BEDT S EIZEL 1= 72 6.2 fmy 1D; 7.3 fm, 1D 80 1Y 89

c] pyrim di ne :9.4 (s, 1HYi el d 56% mp. 268-270C, (EtOAc-Light petroleun;
« 4
1

| R (KBr): 0, 1450 cnferr]; [err]H NIVR(DIVBOd[err]) [err]:
332(t 2HJ-67)472(t 2H, J 6.73 (s, 1H) 7.23 (m-

.9 C, H N

3 “@s&eaﬁkﬁ-xézwwbyf%ﬁw i) i %lé’-’@?@n& i} ozl 0

[1 5- 2)pyrimdine (25) yield 63% vyellow solid mp. 165-166C
(Et CGAc- | i ght petrol eum); IR (KBr): 1630, 1500 144? rs[ r] ; [err]H
NVR (DVBO d[ #ield $4%¢ pale:yellowsolid #8.p¢ 33523 *C fEEA¢-{ightpstroleym ié 7.5): 4.43
(2§ gﬁng(‘;(@p, ‘fg_?%zl(szfg, ﬂﬁgsgnl‘,hﬁrﬁwfﬁ(bﬂsé'd)ﬁ)a,7l.@t‘d,%ﬁ,1 62 1M J =
39 WO wmnézﬁﬂ, 3}{),46«, 2H, 1 =7.4% 6.6 (m, 1H), 7.3 (m, 18D; 77 (, 150)
PCTUS99/ 21 103 |l e 2. Preparation of
5- Armi nd08( aBBdE«ii) ?akés.lﬁlr)yn pyrazol o[ 4, 3- e]

1,2,4-triazolo[1,5-c]pyrimdines (Conpounds 33-40)
5- Am no- 8- (ar)al kyl -2-(2-furyl)-pyrazolo[4,3-e]1,2,4 triazolo[1l,5- 5

c] pyrimdi neS—(MBoﬁmtBﬁﬁPal(echﬁywyﬁaﬁdloIQNd) &Mlhﬁlo[d,&t rategy shown in
the foll owi ng. Schene V
c]pyrimidine (23)
yield 483%; yellow solid m.p. 210-212°C (EtOAc-light petroleum); IR (KBr):
15 1625,1500, 1430 cm™; "H NMR (DMSO d4) 6; 1.79 (s, 3H); 1.87 (s, 3H);
5.05 (d, 2H, J = 6); 5.55-5.63 (m, 1H); 6.60 (m, 1H); 7.24 (m, 1H); 7.64 (s,

1H) 8.34 (s, 1H); 9.10 (s, 1H).

8-2-Phenylethyl-2-(2-furyl)-pyrazolo[4,3-¢] 1,2,4-triazolo [1,5-
20 clpyrimidine (24) | |
 yield 56%, m.p. 268-270°C; (EtOAc-Light petroleum); IR (KBr): 1660,
1510, 1450 cm’; 'H NMR (DMSO dy) &: 3.32 (t,2H,J=6.7); 472 (t,2H,J
=6.7); 6.73 (s, 1H); 7.23 (m, 5H); 7.95 (s, 1H);' 8.8 (s, 1H); 9.41 (s, 1H).
Anal. (C,;H,,NO) C, H, N.
25 _
8-(3-phenylpropyl)-2-(2-furyl)-pyrazolo[4,3-¢] 1,2,4-triazolo [1,5-
clpyrimidine (25) |
yield 63%; yellow solid m.p. 165-166°C (EtOAc-light petroleum); IR (XBr):
- 1630, 1500, 1440 cm™*; 'H NMR (DMSO d) 8: 2.34-2.48 (m, 2H); 2.67 (4, -
30 3H,J=17.5); 443 (t, 2H, ] = 7.5), 6.61 (m, 1H); 7.16-7.32 (m, 6H); 7.64 (d,
1H, J = 2); 8.29 (s, 1H); 9.02 (s, 1H).
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Example 2: Preparation of S-Amino-s-(ar)alkyl-z-(z-furyl)-pyrazolo[4,3-
e] 1,2,4-triazolo[1,5-c]pyrimidines (Compounds 33-40)
5-Amino-8-(ar)alkyl-2-(2_—ﬁ1ryl)—pyrazolo[4,3-e]1,2,4-triazolo[1,5-
5  c]pyrimidines can be prepared according to the synthetic strategy shown in
the following Scheme VII.
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[err] Scheme VII: General procedures for the preparation
of 5- Ant no- 8- to) (ar)al kyl - 2- (2fury|)-eﬂ6azolo[43e]

1,2, 4- tr'v@éﬁ&?&z& 5- c‘]’pyrl m di ne (33- Reagents:
a) Hal ux b) NH er] CN, 1-nethyl -2-pyrrolidone, pTsOH, PCT/US992H03
140[err] C In the preparation of conpounds 33-40, a

sol ution of the nmixture of triazol o-pyrimdine (18-25) (10
mol ) in agueous 10% HC (50 m) was refluxed for 3 h. Then the
solution was cooled and neutralized with a 10 saturated sol ution of

NaHCO err] at O[er] € The conmpounds (26-3
EtCAc (3 x 20 nm ¢, e organic |ayers
and evaporated u b vacuum The obt ai ne
di ssolved in N-ngthyl pyrrolidone (40 m
toluene sul fdW @ acid (15 mmol) were
15 160[errJfC for4 h. Then cyananid

wer e . extracted with
ried with Na2so4 ~
ude anine (26-33)

nmol ) was added aglai r}Nand t he

sol uti oA~ wag heate rnllg‘ﬁt .IthaLLt he s n s dil uted
Wi t R—Nangd| t heprecipitate of Jcyanani de)
was fil NTe NGF the filtrate concent NED H4 educed
pressure and vvashed wth water (3 x 36 m). The organic | ayer

was driedi$-25r] and evaporated urg$e33 vacuum The 284-41 r esi due was
purified by chromatography (EtQAc/light petroleum2:1) to '
afford the deStheme YHooGenerabprddeduxes forstheipteparation of 5-Amino-8- Fol | owi ng

this general @;ﬁfﬁ% &-hS f;‘:’;'rr'a‘%"‘io??,s-e‘i 24 '}%%z%l’les-c?pynmmme B3,

pr epar ed:
WD 00/ 15231 4p
PCI LUS99/ 21 10
Reagents: a) HC], reflux; b) NH,CN, 1-methyl-2-pyrrolidone, pTsOH,
5 140°C
In the preparation of compounds 33-40, a solution of the mixture of
triazolo-pyrimidine (18-25) (10 mmol) in aqueous 10% HC1 (50 ml) was
refluxed for 3 h. Then the solution was cooled ard neutralized with a
10 saturated solution of NaHCO, at 0°C. The compounds (26-33) were
extracted with EtOAc (3 x 20 mi), the organic layers were dried with Na,SO,
and evaporated under vacuum, The obtained crude amine (26-33) was
dissolved in N-methyl pyrrolidone (40 ml), cyanamide (60 mmol) and p-
toluene sulfonic acid (15 mmol) were added and the mixture was heated at
15 160°C for 4 h. Then cyanamide (60 mmol) was added again and the solution
was heated overnight. Then the solution was diluted with EtOAc {80 ml)
and the precipitate (excess of cyanamide) was filtered off; the filtrate was
concentrated under reduced pressure and washed with water (3 x 30 mi).
The organic layer was dried (Na,SO,) and evaporated under vacuum. The
20 residue was purified by chromatography (EtOAc/light petroleum 2:1) to
afford the desired product (34-41) as a solid,

Following this general procedure the following compounds have been
prepared:

25
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5- Ami no- 8- net hyl - 2- (2-furyl )-pyrazol 0] 4,3-e] 1,2,4-triazolo[1,5- .
cl pyrimdi ne (34) yield 53% vyellow solid mp. 167-168C (Et QAc-Iight °
petrol eun); YR QRS 3500- 2950, 1680, 1645, 1610, 1560, PLIRUSI9/21103
cnerr]; 1H NVR (DVsQd[err]) [err]: 5 4.12 (s, 3H); 6 70 (m 1H); 6.99
(bs, 2H); 7.18 (m 1H); 7.81 (s, 1H), 8.42 (s,

5- Ami no- 8-et hyl -2-(2-furyl)-pyrazol o[ 4, 3-e] 1,2, 4- trlazol o[,

c] pyrimdine (35) 10 yield 65%- yellow solid mp. 249- 2500 (EtOAc | i ght

petrol eum; IR m#ﬁ mﬁf‘%%@ﬁ%-%f%olop%%] 11§30ma%'§£{1 51450 cm
: H NV 2H, J = 4.30 (d,
[Za,rr] :[ $;r]6 72cl@lyruﬁidl£7(34)3 (m 1H); 7.93 (bs 2H) ; 7 93 (s, 1I(—|);

S o A T AN of 1yild 535 yeﬁc}%?p G Pbn 161165 HOAR YR Pesoieum) R GrBuys
solid mp. 2?313%17’5%? 3l 645, A8DPL st By 1H NMRDMSDRY 85900,

(t, 2H, J = 4.13%s, Bm)lam(na,mm,ﬁ.ﬂ(b(sdzmw 18 (m, TH); B8Y {s,(1H), 4P (s,20

7.19 (m 1H) 763(bs 2H); 7.93 (s, 1H); 8.61 (5, 1H

5- Am no- 8- but yl - bH 22 furyl)-pyrazol o[ 4,3-e] 1,2, 4- trlazol o[ 1, 5-

cl pyrimdine (37) yield 47% white SO|Id m p. 200-203C (Et QAc-Ii ght
petroleum; IR (KBr): 25 3500- 2900, 1685, 1640, 1620, 1550, 1450 cnferr];
1H NVR (DVBO d[ es-rAlmnioasrdthyDz-QZ-furyl)-py(rhzolﬁﬂ,ii—el12,44113201})[1,5- 8 (m 2H;

4.2 (t, 2H); 67(m1'72(m2H) 7.6 (s, 1H; 8.0 (s, 1H); 8.6
(s, 1H). clpyrimi 8(3§)sopentyl 2-(2-furyl)-pyrazol o['4, 3-¢€]

1,2, 4-tri 0 o t lid ..
o 21 510 gyl Bl oABlgs0°C (ROAHgh bl ! (e solid
42 (KBr): 3430-2950, 1680, 1655, 1620, 1550, 1450 em™; '"H NMR (DMSO d,)

8; 1.46 (t, 2H, ] =7); 4.30 (d, 2H, T =7); 6.72 (m, 1H); 7.18 (m, 1H); 7.93
(bs, 2H); 7.93 (s, 1H); 8.62 (s, 1H).

15 S-Amino-8-propyl-2—(2-furyl)-<?yrazolo[4,3-e] 1,2,4-triazolo[1,5-

| c]pyrimidine (36)
yield 57%; pale yellow solid m.p. 209-210°C (EtOAc-light petroleum); IR
(KBr): 3400-2900, 1660, 1645, 1610, 1545, 1430 cm™; '"H NMR (DMSO dg)
5:0.83 (1, 2H,J=7); 1.81-1.91 (m, 2H); 422 (d,2H,J=7); 6.71 (m, 1H);

20 7.19 (m, 1H); 7.63 (bs, 2H); 7.93 (s, 1H); 8.61 (5, 1H).

S-Amino-s-butyl-z-(z-furyl)-pyraiolo[4,3-e] 1,2,4-triazelo|1,5-

c]pyrimidine (37) |

yield 47%; white solid m.p. 200-203°C (EtOAc-light petroleum); IR (KBr):
25 3500;2900, 1685, 1640, 1620, 1550, 1450 cm™; "H NMR (DMSO dy) 3: 0.9

(t, 3H); 1.2 (m, 2H); 1.8 (m, 2H); 4.2 (t, 2H); 6.7 (m, 1H); 7.2 (m, 2H); 7.6

(s, 1H); 8.0 (s, 1H); 8.6 (s, 1H).

S-Amino-8-isopenty1-2-(2-furyl)-pyrazolo(4,3-e] 1,2,4-triazolo[1,5-
30 c]pyrimidine (38)

yield 60%; off-white solid m.p. 212-213°C (EtOAc-light petroleum); IR
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PCT/ US99/ 21103 , (KBr): 3500-2850, 1670, 1650, 1615, 1560, 1455

cnerr]; II—I—NI\/R(CDC[é-_uh) [err]: 0.96 (d, 6H, J =6.4); 1.59
(m 1H): 1WEB0UIS3H):  4.32 (t, 2H, J= 6.4); 6.58 (m 1H); 6.72
(bs, 2H); 7.21 (d, 1H, J = 4.2); 7.63 (d, 1H, J= 1.2); 8.10 (BCT/US99/21103
1H). 5 ' 5- Am no- 8- (2-i sopentenyl)-2-(2-furyl)-pyrazol o] 4, 3- €]
1,2,4-triazolo[l,5- c] pyrimdine (39) yield 58% pale
yellow solid mp. 178-179C (Et QAc-light petroleum; IR (KBr):

3520- 2950, 16654640 s;lo%} 1555, 1450 cnferr]; 1H NMR (CDCl[err]) [err]: 10
1.74 (s, 3H); 5930 , 1670,71650, 1615, 1560, 7455 Enk3tis ((@?(ég)a. 6. 72
1H);" 8. (s, 1H)

. ca /.0 b 2H); 7.93 , , :
8 i no- - (2- é}%ﬁ%eﬁﬁﬁ %%'5}’(@25? ZIPyﬁSIS;pSS;%QEDL Zﬁx,‘ssﬁtfmzhsm;i @83 o 1, 5-
I m di ny ; 6.32 (bs, 2D} 9. y L ' 83-18 Et QAc-1i ght
(p:)!aw(r): (ranurr; ;nel ( ?(Br) X (s, 2H5 gggg%’)zg%gj 1247%)??@5@12%}I§3é’ g-%@&?) cn{:erlr]g;

[err]H NMR ( dierr]) [err]:3.21 (t 2H, J =6.4); 4.53 (t, 2H, J
= 6.4); 657 (s, 1H; 7.1-7.4 (m 6H), 7.65 (bs, 2H); 7.93 (s, 1H);
S A o' 6- (3. SrmMINpBRsopait L 2,4

5- A -8-(3- ~ OAT -  A4-

triazol of 1,( 5 e ;241)837154@ ﬁ"?bﬁ%%j“é‘eﬁﬂl&iﬁﬂwﬂomﬁ |

168- 170C ( Et M@@"ﬁﬁ%l eun): IR (KBr): 3510- 2950, 1665, 1640,

1615, 1520, 1 %: : 2.14-2.21 2H) ;

2.54 (t, 2H, %ﬁgp%;’g?ig%‘?%Liglr’r:l%é_-i?,{’l‘é@@&szﬁgh%pqmaxm);Il(z.m14- ;D 32
6H), 7.64KBD; 950,986, . " le 3:

o eparH) aiign of s2 %[‘ﬁﬁyfrf{&i 1665164011616} 1555( fas0'bh; 11 MR (cOCRE ©

phenyl ) am no] ¢4 Bort§P3 kv (-3 ASTAIH, 2 51ny8 46 by PP F A

1,2, 4-triazol T 7384hP )T Y, (a{ﬁ))mr_rgo s 42-57) 30 ’

5-[[substitute phenyl’)cgf bonilﬁf’ B GalHY 895 (1M furyl ) -

pyrazol o[ 4, 3-e]l,2,4-triazol o[ 1, 5-c]pyrimdines can be prepared according

43 WO 00/ 152731

to ~Amino-8

PCT/ US99/ 21 foé ino- -(2-phenylethyl)-z-(z-furyl)-pyrazolo[4,3-e] 1,2,4-triazolo[1,5-
c]pyrimidine (40)

15 ield 45%; whi i ° i

yield 45%; white solid m.p. 183-185°C (EtOAc-light petroleum); IR (KBr):
3500-2900, 1670, 1645, 1620, 1530, 1455 cm™; '"H NMR (DMSO dg) 6:3.21
(t, 2H, 1=6.4); 4.53 (t, 2H,J=6.4); 6.7 (s, 1H); 7.1-7.4 (m, 6H), 7.65 (bs,
2H); 7.93 (s, 1H); 8.45 (s, 1H).

<

20

S-Amin0-8-(3-phexgylpropyl)-z-(z-furyl)-pyrazolo[4,3-e] 1,2,4-
triazolo[1,5-c)pyrimidine 1)
yield 57%; yellow solid m.p. 168-170°C (EtOAc-light petroleum); IR (KBr):
3510-2950, 1665, 1640, 1615, 1520, 1455 cm™; 1H NMR (DMSO d)) 6:

. 2.14-2.21 (m, 2H); 2.54 (L 2H,7=7);4.29(t,2H,J = 6.4); 6.71 (s, 1H);

.7.14.7.32 (m, 6H), 7.64 (bs, 2H); 7.93 (s, 1H); 8.64 (s, 1H).

Example 3: Preparation of -5-[[(Substituteﬁ
phegyl)amino] carbonyl] amino-8-(ar)alkyl-2-(2-fury!)-pyrazolo[4,3-e]
1,2,4-triazolo[1,S-c]pyrimidine_ (Compounds 42-57)

5-[[substituted phenyl)carbonyl]amino-8-(Ar)alky1-2—(2-ﬁ1ryl)—
pyrazolo[4,3-e]!,2,4-n-iazolo[ 1,5-c]pyrimidines can be prepared according to

30
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the synthetic strategy showih in the follow ng Scheme VIIT;
WO 00715231 |

the synthetic strategy shown in the followirxg Scheme VIIL
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44 W00/ 15231

PCT/ US99121103 . NH2 _

N N dis3 Schenme VI11: General pwgcedures for the

prepar at i on OB [[(Substituted PCT/US99/21103
phenyl ) am no] car bonyl ] am no- 8- (ar) al kyl -2-(2-furyl)- pyrazol o[ 4, 3- €]
1,2,4-triazolo[l,5-c]pyrimdine (42-57) In the preparation of
conpounds 42-57, the appropriate amno 5 conmpound (34-41) (10 mml) was
di ssolved in freshly distilled THF (15 m) and the appropriate

I socyanate (13 nmmol ) was added. The m xture was refluxed under argon
for 18 hours. Then the solvent was renoved under ‘reduced pressuRe and

the residue was purified by flash chromat ography ( Et OAc- Ilg
petrol eum 4-6) to afford the desired conmpounds 42-57. 10 il | o hi s
gener al procedure the foll ow ng conpounds have been ;ﬂﬂoar

\
THE, reflux, 12 h

34-41 : 42-57

Scheme VIII: General procedures for the preparation of 5-
[[(Substituted phenyl)amino]carbonyljamino-8-(ar)alkyl-2-(2-furyl)-
pyrazolo[4,3-¢] 1,2,4-triazole[1,5-c]pyrimidine (42-57)

° In the preparation of compounds 42-57, the appropriate amino
5  compound (34-41) (10 mmol) was dissolved in ﬁ'eshly distilled THF (15 ml!)
and the appropriate isocyanate (13 mmol) was added. The mixture was
refluxed under argon for 18 hours. Then the solventl was removed under
reduced pressure and the residue was purified by flash chromatography
(EtOAc-light petroleum 4-6) to afford the desired compounds 42-57.
10 Following this general procedure the following compéunds have been

prepared:

5-[{(3-Chlorophenyl)amino}carbonyljamino-8-methyl-2-(2-furyl)-
pyrazolo[4,3-¢} 12,4-triazolo[1,5-c]pyrimidine (42)

15 yield 98%; pale yellow solid m.p. 142-145°C (Et,-light petroleum); I (KBr):
3210-2930, 1660, 1630, 1610, 1500 cm™; 'H NMR (CDCl,) 0:4.21 (s, 3H);
6.60 (m, 1H); 7.11 (d, 1H, J = 8); 7.13-7.28 (m, 2H): 7.55 (d, 1H, J = 8); 7.65
(s, 1H); 7.78 (4, 1H, T = 2); 8.22 (s, 1H); 8.61 (bs, 1H); 11.24 (bs, 1H).

20  5-[{(4-Methoxyphenyl)amino]carbonyl]amino-8-methyl-2-(2-furyl)-
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5-[[ (3- Chl or ophenyl ) am nol car bonyl ] am no- 8- net hyl - 2- (2-furyl)-
pyrazol o[ 4,3-e] 12,4-triazolo[l,5-c]pyrimdine (42) 15 yi eId 98% pal e
yel | ow sol | JVAOYIS2Lo_145[err|C (Et[err]-1ight petroleum): | (KBOXwS99/21103
3210- 2930, 1660, 1630, 1610, 1500 cm[err]; [err]H NWR (CDCl[err]) [err]:
4.21 (s, 3H); 6.60 (m 1H); 7.11 (d, 1H, J = 8); 7.13-7.28 (m 2H):
7.55 (d, "1H, J = 8); 7.65 (s, 1H); 7.78 (d, 1H, J = 2); 8.22 (s, 1H);
8.61 (bs, 1H); 11.24 (bs, 1H. 20
5-[[4- Met \r}\%x%gyepyzmg)mmmemar,z;mimmms-thmdme{433} furyl)-
45 15
PCT/ US99/ 21103  yield 99%; yellowa solid mup 3193195 °C (ELPrlight petrelesmd I}, (KB ne

pett o eur 1 R (1002900 168 545, Il rsphitia HENNER(GTICRL 81 (o 31:

yZR (@Céger;] )264320'(55 &H)(5615‘(|.rﬁ 1H),685(ﬁ,2ﬂ (Ig 9)3"‘026 (mﬁlHQ,rﬂ Si(ﬂ, ZI-ﬁiIB(S (d
= s,

T V8 50 (b3~ TEPY 65 b 1EDR8 21165, 11D 8.59 (bs, THD); 1096 tbe, 1. 1"

5-T[ (3-Chl orophenyl ) am no] car bonyl ] am no-8-et hyl -2-(2-furyl)-

pyrazol o[ 4, 3-e] 1,2, 4-triazolo[l,[5-c]pyrimdine (44) yield 98% pale
yel t ow solid m ps. é%%lﬂ@ﬁoﬁlﬁéﬂoﬂlﬁxﬁﬁoﬂedrlb]oﬁyllhﬁhho-meéthyl-em}furyl?e 10  (KBr):
3220- 2930, 1660 1620, 1600, 1500 cnferr | éerr H NVR (CDCl[err]) 1 71 .
(t, 3H, J = 7); pyrsaoladd,3se}1,2,4-trigzolef] Srclpyrimidine ¥440 (d, 1H J = 8)

(7.8311I(-|)m 8. 67 (bilé%d Jaoh; Pégycﬁﬁr sgga(r%b 2§4|_‘-)%5(‘él(gﬁ@-hgﬂt Fétrdidum)t ik 8 30

S-[[(4-Met hwypf(qmﬂ))mm@mrlfsmywmlﬁoe&mdmh’,?ﬂm«mm)6 1.71 C

| 4, 3- 1, 4-t lo[1 d 99% |
Do ool o oy ot S0l 2 908 S0 T T Thagh? o TBULL29 (Ao ¥EL, "3), bl

g =y aﬁﬁé"?é?dlﬁﬁﬁ?‘%ﬁ??d (s 1 TR TR ORE !aﬂ%ad?éfﬂsgﬁ -
3?632?“ 71506 (mijH)mo? 8%%121, iﬂ)‘] =9): 7.69 (s, 1H); 8.28 (s, IH;

15  5-[[(4-Methoxyphenyl)amino}carbonyl]amino-8-ethyl-2-(2-furyl)-
pyrazolo[4,3-e}] 1,2,4-triazolofi,5-c]pyrimidine (45)
yield 99%; pale yellow solid m.p. 200-201°C (Et,O-light petroleum}; IR
(KBu): 3250-2950, 1665, 1620, 1610, 1520 cm™; 'H NMR (CDCL) 8: 1.71
(t, 3H, J=7); 3.85 (s, 3H); 4.49 (s, 3H); 6.65 (m, 1H); 6.88 (d, 2H, J =9);
20  7.26 (m, 1H); 7.58 (d, 2H, T =9); 7.69 (s, 1H); 8.28 (s, LH); 8.63 (bs, 1H);
10.99 (bs, 1H). - (.

5-[[(3-Chlorophenyl)amino]carbonyljamino-8-propyl-2-(2-furyl)-
pyrazolo[4,3-¢] 1,2,4-triazolo[1,5-c]pyrimidine (46) :

25  yield 95%; white solid m.p. 138-139°C (Et,O-light petroleum): IR (KBr):
3210-2920, 1655, 1615, 1600, 1510 cm™; 'H NMR (CDCl,) §; 1.71 (¢, 3H, J
=7); 2.04 (m, 2H); 4.36 (g, 2H, J = 7); 6.62 (m. 1H); 7.12 (d, 1H, J = 8);
7.27 (m, 1H); 7.56 (4, 1H, J = 8); 7.66 (s, 1H); 7,80 (s, 1H;. 8.24 (s, 1H); 8.62
(bs, 1H); 11.08 (bs, 1H).

30
5-[[(4-Methoxyphenyl)amino]carbonyljamino-8-propyl-2-(2-furyl)-
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5-[[(3- Chl or ophenyl ) am no] car bonyl ] am no- 8- propyl - 2- (2-furyl) -

pyrazol o[ 4,3-e] 1,2,4;triazololl,5-c]pyrimdine (46) 25 yield 95% white
solid mp. 138-139C~Et20-1ight petroleum: IR (‘KHr): 3210- 2920,
1655, 16@@,00'1@@@), 1510cnferr]; 'HNVR(CDCl[err)[err]; 1.71 (RCHUSYP21103 —
7); 2.04 (m 2H); 4.36 (g, 2H, J=7); 6.62 (m 1H); 7.12 (d, 1H, J= 8);
7.27 (m 1H); 7.56 (d, 1H, J =8); 7.66 (s, 1H); 7,80 (s, 1H, 8.24 (s, 1H;
8.62 (bs, 1H); 11.08 (bs, 1H). 30

5[ [ (4- Met hoxyphenyl ) am no] car bonyl ] am no- 8- propyl - 2- (2-furyl) -

46 ') . e e ae :

PCT/ US99/ 21189%";]"?&3’]3"’] 1.24-triazolol},Ssclpyrimidine (47) ) ) o G ovrimidine
eth ol eum ;TR o Lac0. a0 separj gt e
Fort T H NV (@SB 3230 P56 niesd, b3 1640, 1530 ars S NMICUSDCLI B 6988 1 1y
725 (m 10 TSN GO4TD8 Gi2iglio 62 B S 4R 2R = DS, By T
(Dbs, 15')8 30|65$£ (62211;1, JH='|)9); 7.25 (m, lfﬁ;T.EGﬁiﬁﬂgfﬁfbﬁﬁﬁf Yariithpg2alsony|

am no- 8- butyl - 2-(2-fur - razol o[ 4, 3-e

1,2,4-tri azgllgpl é-§9@]§9§}$;‘rﬁ%?$}§bi’ﬁ®- 10 - yield 97% white solid mp.
210-212[err]C (Et[err]Olight petroleun); IR (KBr): 3240- 2970, 1650,
1610, I5 10 cnferr] ; [err]H NWR (CDCl [err].) [err]: 1.00 (t, 3H, J =7);
1.39- 1. 41 ( nS-[}{3)Chlorophéhydfantino]Cifbonsijaming-8-bufyl2-@-lryDe. 63 (m 1H);

SN - Dok N e NI
oyt acol o4, V97 3@“?"??%%%P?E%;%;??%ﬁﬁ%’*‘%ﬁfb‘%‘%ﬁ OB o6 whi te
solid mp. 19740-2870,(185D£I61001510 kot SHNMRIGDCLRO( KBO)(t, 3H, J=78250- 2960,
50 80 (R O LT W 132
%H,_ 3 )L 9) : @6@"(6% éﬁ%lﬁ?ﬁ 2’84. 63(3;1 ?? J% ;;9)86.76%; %E)s(ﬁ%smi%?gg?( E)g:
1H) . 8.25 (s, 1H); 8.63 (bs, 1H); 11.26 (bs, 1H). :
15 2
5-[[(4-Methoxyphenyl)amino]carbonyl}amino- 8-butyl-2-(2-furyl)-
pyrazolo[4,3-e] 1,2,4-triazolo[1,5-c]pyrimidine (49)
yield 96%; white solid m.p. 197-198°C (Et,0-light petroleum); IR (KBr):
3250-2960, 1665, 1610, 1600, 1520 cm™; 'H NMR (CDCl,) &: 0.98 (t, 3H, J
20 =7);1.38-1-42 (m, 2H); 2.02-2.05 (m, 2H); 3.82 (s, 3H); 4.39 (t, 2H,J=7);
6.63 (m, 1H); 6.92 (d, 2H, J = 9); 7.25 (m, 1H); 7.57 (d, 2H, J =9); 7.67 (s,
1H); 8.23 (s, 1H); 8.60 (bs, 1H); 10.95 (bs, 1H).

5-[[(3-Chlorophenyl)amino]carbonyljamino-8-isopentyl-2-(2-furyl)-
25  pyrazolo[4,3-¢] 1,2,d-triazolo[1,5-c]pyrimidine (50)
yield 97%; pale yellow solid m.p. 199-200°C (Et,O-light petroleum); IR
(KBr): 3230-2950, 1655, 1600, 1510 cm™'; 'H NMR (CDCL,) &: 1.01 (d, 6H,
I =17.5); 1.49-1.51 (m, 1H); 1.88-2.03 (m, 2H), 4.42 (t, 2H, J = 7); 6.62 (m,
lH); 7.13 (d, 1H, J = 8); 7.34 (m, 1H); 7.57 (d, 1H, J = 8); 7.67 (s, 1H); 7.80
30 (s, 1H); 8.24 (s, 1H); 8.63 (bs, 1H); 11.25 (bs, 1H). ‘
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5- [[(3 Chl orophenyl ) ani no] car bonyl ] ani no- 8-i sopentyl - 2- (2;furyl)- 25 .
pyrazolo[43e] 1 4-triazolo[l,5-cl pyrimdine (50) ' yield 97% pal e
yel | ow sol i dVOY/ 5@59 200C (Et 20 i ght petroleum); IR ( KBEYAUS99/21103
3230- 2950, 1655, 1600, 1510 cnferr] ; [err]H NVR (CDCl[err] )[err] 1.01 (d,
6H, J=7.5; 1.49-1.51 (m 1H); 1.88-2.03 (m 2H), 4.42 (t, 2H, J =
7); 6.62 (m 1H; 7.13 (d, 1H, J =8); 7.34 (m 1H); 7.57 (d, 1H J
=8); 7.67 (s, 1H); 7.80 30 (s, 1H); 8.24 (s, 1H); 8.63 (bs, 1H); 11.25
(bs, 1H). 5-[[(4-Methoxyphenyl)ammo]carbonyl]ammo-s-lsopentqu (z-furyn-@

00/ 15231
PCTI US99| 7 103 DPyrazolo{4,3-e] 1,2,4-triazolo[1,5-c]pyrimidine (51)

5- 4- Met h h @Ry I
pnggol o[ 4, gxg]p ?;%h}gt r'iazo ?g?g{%%?%ilﬁﬁ Jﬁ%}ﬁp&&&nﬁ};gl%(%r %
e i pie tole kst ana i

c rr er rr
0.99 (d, 6H 31 &75% 17 "221&881@% Z-r’n971{q? )’éwi eﬁfﬁ%w 82 (s,
?:]') 1ﬁ|5 407(}38 (237)-]?452 §ms 1ED; Z?l ég 58, img)-“ﬁhs @} ?i%(ﬁss_ 28 = ;7.86 (ng
1H); 10.94 (bs, I&)1H); 8.23 (s, 1H); 8.59 (bs, 1H); 10 94 (bs, 1H). ’ ’ ’
5-[[ (3- Chl or opheny) am no] ] car bonyl ] am no- 8- (2-i sopentenyl )-2-(2- 10
furyl)pyrazolo[4,3-e] 1,2,4-triazolo[1,5-c]pyrimdine (52) _ yleld

99% whi t lid -%ﬁﬁ = m@-B(
32405-29|60fa i856, %@’5&?@& c%v?rgﬁl,ﬁb errﬁ%@?uﬂo H?ﬂthﬁ’arr] 1 84 (s,
:;I—I)1 2 1d881|(_I SIOJ furyl)lﬁj‘i)aZOIi)[O,B-é]dl,Z,Zl-tna]zoiola)s-c]ﬁymmgmej(5_%) 6.62 (m 1H); C\}
1H): (7.80 (s, 1%2169;%2 (KMtqﬁﬁlldg]E@]qwo%og fg&t%ﬂ)gﬁ Refro) 8ia§R ")(s’
5- 4- Met h h t I

fuwl() pyrag)(;%/g[?igk)%ys? 262@[1@%(&) g.fpyrl 3199@] )@M 9“% ﬁh’ L. 88 (s
96% pal e yel | ow3D} 6@1r(deH198-—&)99(57((ﬁh,[H{);}5(62l(ngﬂlH)p‘éﬂr’Zc(d,elHr.)]“I&k 7269

(KBr): 3235-2950, 1 1620, .16 0 crjerr
lerr]:1.83 3?83%55 @ ?§ 8)2%)56 & H; 71530 éi—é{d X! W( gﬁﬁ%ﬁbgbs, 7)
5.57 (m 1H)g ( 693(d 2HJ—9)724(m1H) 7.54
(d, 2H J = 1955 3*'9 ‘i}zsq?ﬁ)m% (s, 1H: 8,58 (bs, |H):10.86 (bs,
1H) . ,
5-[[(4-Methoxyphenyl)amino]carbonyl]amino-8-(2-isopentenyl)-2-(2-
furyl)-pyrazolo{4,3-e] 1,2,4-triazolo[1,5-c]pyrimidine (53)
yield 96%; pale yellow solid m.p. 198-199°C (Et,O-light petroleum); IR
20  (KBr): 3235-2950, 1665, 1620, 1600, 1510 cm™, 'H NMR (CDCl,) 8: 1.83
(s, 3H); 1.87 (s, 3H); 3.81 (s, 3H); 4.97 (d, 2H, J = 7); 5.57 (m, 1H); 6.61 (m, (
1H); 6.93 (d, 2H, J = 9); 7.24 (m, 1H); 7.54 (d, 2H, ] =9); 7.66 (s, 1H); 8.25
(s, 1H); 8,58 (bs, 1H);-10.96 (bs, 1H).

25 5-[[(3-Chlorophenyl)aminojcarbonyl] amino-8-(2-phenylethyl)-2-(2-
furyl)-pyrazolo[4,3-e] 1,2,4-triazolo[1,5-c]pyrimidine (54)
yield 98%; white solid m.p. 186-187°C (Et,0-light petroleum); IR (KBr):
3250-2970, 1660, 1610, 1515 cm™’; "H NMR (CDCL;) 8: 3.33 (t, 2H, T =7);.
4.62 (t, 2H, J = 7); 6.60 (m, 1H); 7.19-7.35 (m, 7H); 7.57 (d, 1H, J = 8); 7.61
30 (s, 1H); 7.81 (s, 1H); 7.89 (s, 1H); 8.63 (bs, 1H); 11.27 (bs, 1H),
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25 5- [[(3-Chl orophenyl)am no] car bonyl ] am no- 8- ( 2- phenyl et hyl ) - 2- ( 2-
furyl)- pyrazol o[ 4, 3-e] ‘1, 2,4-triazol o[ 1, 5-c] pyri m.di ne (54) yield
98% whit upa/isds p- 186-187C (Et[err] O 1ight pe\r"6l eum); IR (KBr):

3250- 2970, 1660, 1610, 1515 cnferr]; [err]H NVR (CDCl[err]) PEFASINAIG3 (1,
2H, J = 7); : 4.62 (t, 2H, J:7); 6.60 (m 1H); 7.19-7.35 (m 7H);
7.57 (d, 1H, J =8); 7.61 30 (s, 1H); 7.81 (s, 1H); 7.89 (s, 1H); 8.63
(bs, 1H); 11.27 (bs, 1H),

48 WO 00/ 1 5231

PCT/ US99/ 21103

O e o hperin it T
32405 2960, 1660 fﬁ?gdﬁ}géﬁgﬁgﬂ?ﬂ err| H |\||c\$R5)J err]) 8 3.42
(Ej gﬂ J yield99%; whitesolidm. p;m)so-lz&lgg (@tzo—hghtpbb:olm),ﬁ y )’nz 1H3] _68§93
750" (5, Sury 258580, 166041615, 1609, 5o il e R B el (T

S-[[3- Chl oro Blsza(@ Qﬂiwsbwﬂﬂ@m 05%0((1% ﬂmndbv(&mﬂs)réﬁ:jﬁw

furyl)-pyrazol o[ 4 2, 4-tfiazol o rimdine yield

99% pal e yel(ms I‘BbVﬁ@-’lﬂ%(mléﬁ)IBﬂ@( Eﬁ,dﬁ XﬂLﬁ%Ilﬁhﬂr Gutl; IR

0 R it 55 15, [l R )

719740(m 8H) 15 7.59 (d, 1H, J = 8); 7.64 (s, 1H; 7.85 (m 1H);
8.25 (s, 11.30 (bs, 1H)
5-1[ (4- M& ho>5yHﬁ+’e (l«,mnhenyt)anunmn;m;ﬂbmp%ﬁwphw:dpupnyl)iﬂlf 2-

furyl l o ] di 57) 20 | d 98%
whi te so 1 d- TefyBpyrslondue 1o Chdmhdn s bl Bok (er). ¥ ¢
?%40255950 1@6§1d@%galelg&!bw%&i@nppﬂmrﬂwc%O-Ugﬂi@@u(ﬂé@ﬁg?»mm[ e; r]: 232
(d, 2H, J = $KBr); 3245-2960, 1665,znﬁ1©n151e§|4;m '}M(Cbﬂlsﬁ 246)(m,7 64 (é

)5 825 (Sophyaf b1, (P2 7). 403 i, 2m, 1 =T7): 686 (85 181719740 (m, 810);
15 7.59(d, 1H, T = 8); 7.64 (s, 1ED); 7.85 (m, 1H); 825 (s, 1H); 8.67 (bs, 1H);
11.30 (bs, 1H).

5-{[(4-Methoxyphenyl)amino]carbonyljamino-8-(3-phenylpropyl)-2-(2-
furyl)-pyrazolo{4,3-¢] 1,2,4-triazolo[1,5-cjpyrimidine (57)

20  yield 98%; white solid m.p. 174-175°C (Et,O-light p_etroletim); IR (KBr):
3240-2950, 1665, 1615, 1600, 1510 cm™; 'H NMR (CDCl,) 8: 2.46 (m, 2H);
2.73 (t,2H, 3 =7); 4.42 (1, 2H, J = 7); 6.67 (m, 1H); 6.96 (d, 2H, J =9); 7.22-
7.41 (m, 6H); 7.60 (d, 2H, J = 8); 7.64 (s, 1H); 8.25 (s, 1H), 8.65 (bs, 1H);
11.16 (bs, 1H).

25 _
Example 4: Preparation of 5-[(Benzyl)carbonyl]amino-s-(ar)alkyl-z-(z-
furyl)-pyrazolo[4,3-¢] 1,2,4-triazolb[l,S-clpyrimidine (Compounds 58-
59) o .

_ | 5-[[benzyl)carbonyl]amino-8-(Ar)alkyl-2-(2-furyl)-pyrazolo(4,3-¢]1,2,4-

30  triazolo[1,5-c]pyrimidines can be prepared éccording to the synthetic

stratégy shown in the following Scheme IX.
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[ benzyl ) car bonyl ] am no- 8- (Ar) al kyl - 2- (2-furyl)-pyrazol o[ 4, 3-¢e]1,2,4- 30
azol o[ 1, 5-c] pyrim di nes can be prepared according to the synt heti c
strategy shown in the follow ng Schene | X

49 WO 00/ 15231

PCT/ US99/ 21103 Schene | X: Ceneral procedures for the
preparation of 5- .

[ (Benzyl ) car bonyl ] a@cﬂ@nﬁrl@@rﬁﬂn&)‘él procédarésifor thy peeparationdfst 1, 2, 4-

triazolo[ 1, 5-c]pyrimdine (58-59) In the preparatian -of corrpounds

58-59, the appr oMBmzyl)ammyllamxno&waaml-(zs@-mrymmyr@zelqmére 124~
di | ved f m dd t d
h:iis;sgew(al?,l R’rmlr)eigﬁ%olf’pgéf m‘ﬁge }ég'sr%)rol ) vvez ea app;gg;ha ‘(Ia'hZCIm xture

was refluxed sunder qﬁm%xfeﬁéraﬂaanMubﬁupoiEﬁ@s58)159eofeagpﬁopnateamiﬂmn removed
under reduced pressure and the residue was di ssol ve

Et GAc (30 nl) anaom@gued(s&mcél)/ﬂonnmﬂ)ewaq dssolved mﬁes@ygsﬁﬁllgd&&él%s
dried on [err] and,cencentrated UndSt G94SednPlarsilftadie (15 haidh war

25 ° Exanpl e 4: Preparation of '

5-[ (Benzyl ) carbonyl ] am no-8-(ar) al kyl - 2-( 2- furyl)-pyrazol o, 4, 3¢ €]
1,2, 4-tri azoWe[a0/15238| pyri ni di ne ( Conpounds 58- 59) PCT/US99/21103
5-

tr

[
, 2

[

ri

added. The mixture was refluxed under argon for 18 hours. The solventwas - -

then removed under reduced pressure and the residue was dissolved in

J’\Q
H
/ /
) Ay (]
- CH,COC! .
N”
\ “( J
% Et3N, THF, reflux, 12 r N
R _ R
38,41 - | | 58,59

10  EtOAc (30 ml) and washed twice with water (15 ml). The organic phase was
dried on Na,SO, and concentrated under reduced pressure. The residue was
purified by flash chromatography (EtOAc-light petroleum 4:6) to afford the
desired compounds 48,58. Following this general procedure the following

' compounds have been prepared:

15
5-[(Benzyl)carbonyl]amino-8-isopentyl-2-(2-furyl)-pyrazolo[4,3.e] 1,2,4-
triazolo[1,5-c]pyrimidine (58)
yield 85%, pale yellow solid m.p. 144-145°C (Et,0-light petroleum); IR
(KBr): 3255-2930, 1673, 1620, 1610, 1520 cm™; '"H NMR (CDCl;) 8: 0.98

20 (d,6H, J=17.5); 1.60 (m, 1H); 1.91 (m, 1H); 4.40 (¢, 2H, J =7); 4.53 (s, 2H);
6.60 (m, 1H); 7.18 (m, 1H); 7.26-7.39 (m, SH); 7.64 (s, 1H); 8.22 (s, 1H);
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purified by flash chromatography (EtQAc-1ight petroleum4:6) to afford the
desired ctonpounds 48, 58 Fol I owi ng this general procedure the follow ng
conmpounds_have _been prepar ed: 15 e

5- [ (BenzyWPOMEBy| | ami no- 8-i sopent yl - 2- (2-furyl ) - pyr azol o] ZGIAEIIZI20Y.- -
triazolo[1,5-c]pyrimdine (58) yield 85% pale yellow solid mp.
144-145 [err]C (Et[err]Olight petroleun); IR (KBr): 3255-2930, 1673,
1620, 1610, 1520 cnferr]; "H NMR (CDCl[err]) [err]: 0.98 20 (d, 6H, J =
7.5); 1.60 (m 1H); 1.91 (m 1H); 4.40 (t, 2H, J =7); 4.53 (s, 2H);

6.60. (m 1H); 1H); 7.26-7.39 (m 5H); 7.64 (s; 1H); 8.22 (s, 1H);
50 W Sy hsS.

PCTI | 3JS99/ 21103 9.11 (bs, 1H).
5-[ (Benzyl ) carbonyl ] am no- 8- ( 3- phenyl propyl )-2-(2-furyl yr az 4, 3-
ell, 2, 4- t ri azSriéPenzyllcprhonyliamine-§-C3rphe 5ylpr9p 2-GsHiryD: solid

P55, LB £, ) L) 2?’380 29°°’<ﬁ?72’H>;

2.67 (t, 3H, Jield B3%, pald yellow sglid rﬂ.57116-4153C((B Oﬂiﬁht;ﬁtrﬁlbuhm; IRH) ;

E;H)listf’u: ??m%zgo-z%gé%ggt% 1690, 1550 o "HNva%zic?chl Va: 2392 (PS:
procedur es de crlgzgz%ﬁ(t%gg%ém.%ﬁg&; 21),’ 41523%,1?!3151,6?@15@ gr??’ Chem

Soc. 1956, 787.1687A43(m, t 1K);resS(se VERS7.64 (silH)s BI16d(s, 1M 9.12 (bs, 1H). owi ng

conpounds are prepared, starting fromconmmercially avail abl e :
et hoxy- et hyl ene mal onodinitrile and N -substituted hydrazines, which also

15 arejgmi Nipg, [ ﬂ'ég:urliuaﬁl o llgé’&ﬁ'stntuted-Tcyano-S—ammopyrazoles

1- net hyl - 4 cyano- 5- aim nopyrazo
-n-but yl - 4-cyanoﬁﬁ>cardmg)tmythepndoedures described in J. Org. Chem. 1956, 21, 1240;

(1 2. oyt opont y¥) é%&ﬁ%@sfaiggé% § 394 Hhereferonses herein cited, the
1-hydr oxyet hy kﬁl&yiﬁ%% 0.?@( bk, starting from dommercially available

- phenyl - 4- cyano- 5- a yrazo
1-tert - butyl - éthoxgsmethylane majonodititrile and Nl-substztutec_‘l hydrazines, which also

15  are mainly commercially available: ©

1-methyl-4-cyano-5-aminopyrazole
1-n-butyl-4-cyano-S-aminopyrazole
1-isopentyl-4-cyano-5-aminopyrazole
1- (2-cyclopentyl)ethyl-4-cyano-5-aminopyrazole

20 1-hydroxyethyl-4-cyano-5-aminopyrazole
1-phenyl-4-cyano-S-aminopyrazole |
1-tert-butyl-4-cyano-5-aminopyrazole.
1-phenylethyl-4-cyano-5-aminopyrazole
1-(2-chlorophenyl)-4-cyano-5-aminopyrazole.

25 These compounds can be used as intermediates to prepare pyrazolo-

triazolo-pyrimidine compounds as described herein.

Example 6: Preparation of 1-substituted-4-cyano-3-aminopyrazoles
Starting from 4-cyano-5-aminopyrazole, prepared according the
30  procedure reported in Chem. Pharm. Bull. 1970, 18,2353 orin J.
Heterocyclic Chem. 1979, 16, 1113, 1-substituted 4-cyano-3-aminopyrazoles
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1 - |5henyl et hyl - 4- cyano- 5- am nopyr azol e

1- (2- chl or ophenyl ).4- cyano- 5- am nopyr azol e. 25 These conpounds can be
used as inte@80/2328% to prepare pyrazol o- triazol o-pyrim gicdfiseoniios
conmpounds as descri bed herein. Exanpl e 6: Preparation of

1- substi t ut ed4- cyano- 3- am nopyr azol es Starting from

4- cyano- 5-am nopyrazol e, prepared according the 30 procedure reported in
Chem Pharm Bull. 1970, 18, 2353 or in J. Het erocyclic Chem 1979,

é? , 1113, V\éL) - 8 g ?i tSthag ?b@ﬁle;!hre‘cy By dirdcidlkylativh adi #i corresponding alkyl halide in
PCTI 1 S99/ 21103 dimethyl formamige ab 88112 fexil ty/2kin therpresenge of pebydrpes t he

5h 1 Che pr osengbiaspin S blse. From iafghclion mifR hiRaRind BeTiichip afd * 1°
reaction m xtur e NTalkyhtéd pesifibe isoniers\h @nsbout 1:2 rahid, BlekNR ddopserafibei on

I soners in-an about 1:2 ratio, the N2 isonmer can be 5 I sol ated by a

singl e crystal | i }solated bya singlerenystallizatianoon eolwspnehromatogeaphion silica gad| ut i ng

et “Cos B SO SR et S led RAER e

1- met hyl - 4- cyano pgoced@iftePiheddHb®ing compounds were prepared: .

- but yl - 4- cyano- 3- amd_nopé;“?zol e 10 o 1- belnzyl - 4- cyano- 3- anm nopyr azol e

1 -i sopentyl - 4- cyand-wethyil+opyarwrbaminopyrazole 1

- phenyl et hyl - 4- cyanqg-g3-.ami,r razol e These conpounds can be used

as i nternedi ates toqp %‘ggﬁe%%Pg‘ lopyrazole triazol o- pyri m di ne conpounds

as descri bedGher ei n.1-Bénzyl-4-cyahs8B@hthopyrdZobpar at i on of )
phenyl et hyl 4- cyano- 3- am nopf/ryazol es _i) a) A suspension of anhydrous ("
pot assi um car bonat e l¢opentpl-4icyeno-BnaminopyrazoB0 ni) is added with 3-am no-

4-cyano pyrazole (2Q._ ating.to .a tenperature of 80[err]C for
30 mnutes. The susge%%ﬁ&pg}l%&a@%&aﬁwnﬁwazﬁﬁenet hyl brom de (25 mmol s)
and is heated to 80[THesd borhBburdls caiffeqised @8 inteEmediates td PrépaRpyrazales at ure,
the mxture is evaporated to dryness under vacuum and the resulting

residue is takentigzolp-pyrimidimel domponndeas dasoribad hergind ext ract ed with
ethyl acetatjg (3 x 50 m). The conbined organic extracts are dried over
anhydrous sodi um sul fate and evaporated to dryness ‘under vacuum The 25:.

resul ting resi duExantyle 7t Prepafation’of piénilethgi-4lcyanoB aniinupyrhzeleano- 5-
a) A suspension of anhydrous potassium carbonate (30 mmols) in DMF

-

RO

(50 ml) is added with 3-amino- 4-cyano pyrazole (20 mmols), heating to a
temperature of 80°C for 30 minutes. The suspension is added with

20  phenethyl bromide (25 mmols) and is heated to 80°C for 2h. After cooling
to room temperature, the mixture is evaporated to dryness under vacuum and
the resulting residue is taken up with distilled water (100 ml) and extracted
with ethyl acetate (3 x 50 ml). The combined organic extracts are dried over
anhydrous sodium sulfate and evaporated to dryness under vacuum. The

25 résulting residue consists of a 1:3 mixture of l-phenylethyi-4-cyano-5-
aminopyrazole (20%) and of 1-phenylethyl-4-cyano-3-aminopyrazole (60%)
which may be used as such in Example 9 or chromatographed on silica gel
column eluting with an ethyl acetate/hexane mixture to give: 1-phenylethyl-
4-cyano-5-aminopyrazole M.P. 172-173°C; (20%); 'H-NMR (DMSO-d6):

30 3.04 (1, 2H); 4.12 (t, 2H); 5.85 (sb, 2H); 7.21-7.30 (m, 5H); 7.41 (s, 1H); 1-
B-phenylethyl-4-cyano-3-aminopyrazole M.P. 98-100°C (60%); 'H NMR
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am nopyrazol e (20% and of 1-phenylethyl-4-cyano-3-am nopyrazole (60%

whi'ch may be used as such in Exanple 9 or chrormhggraphed on SI I | ca gel

col um ‘%&Btobﬁgzs‘i‘“h an ethyl acetate/ hexane mxt0re to give: hen Iet hyI
-amnopyrazole MP. 172-173 [err]C, (20%; [err]l—l—Kﬁ"??ﬁU

4- cyano-

30 3.04 (t,. 2H); 4.12 (t, 2H); 5.85 (sb, 2H); 7.21-7.30 (m 5H); 741(5,
1H); 1- [ err]-phenyl et hyl - 4cyano- 3- am nopyrazole M P. 98-100[err]C
(60%; [err]H NWR 52 WO
00/ 15231

PCT/ US991 21168DCL): 3.07 (t, 2EBipt1Pdh 28 43230(7“’(?}1) TefT (54 15y 700728 (msy 53 (o,
2H); 7.17 (sgpH); 7.00-7.28 (m b) A solution of

l-[err]- pheny t hyl - 4- cyano- 5- ami nopyrazole (20 nmmol) 5 in
triethyl orthoforrrate (40 m) was refluxed under nitrogen for 8 h. The

t hof d.t d d
e anal vorl o B sqliion o D meevieByRe e anesr mameryR g O BT o oi 1 ca
gel to 5 1&&Y&h§lﬁ&h&ﬂﬁ&x§%%ﬂdes%ﬂ&@éci‘ﬁﬁdér%ft%gﬁn%ﬂk h. The residue

obt ai ned after te“evaporation is practically pure and is -
di rectly useeéxesss pithofoPmate whd ewaporated &qodrymesbmem'ﬂcmﬁnmthem noet her (20

gm)nla% thSe?Lé i ﬁ%kl\%éélﬁsglf"?aig 8?3’3)?&5; gpgtcf)ga%el‘gnlﬁo sﬂf’?@relcool i ng,

the solutiong 89% Yicl®). The Pédidue obtained gfierdue whi ch
I S subjected %\?tﬁﬁgﬁﬁéﬁbﬁﬁxnkﬂgg{q&gﬁ&ﬁn %ﬂheﬁyl e?herl (65% nl1) using a

Dean- St ar k apghoﬁarnmtes&yaperatmnaspmctlo;ﬂ)cpuﬂe)andenﬂ%técﬁﬂa@sﬁd indhered 15

d t t Af t 1.5 h, . th he t hyl
Goet ate 1ot ¢ SRIRRIRGisHB: Astoltion A wreaminerie @B g RS AARE 280 o1 oY e
absent, the Ryafgid (2 O§QQ':§H1 ARyt KB (50 R WikreAasged for59

precipitate iS filtered and crystallized'to give
7- ([ er r] - phe by 1@ hhAfter galirfg, thd solution is evaporated to dryness to give an oily .

B0 R (e By S AAHLIN e SR W Byl G )

5"') 7 uditiglaDeaBtarkl t§s sb& to Szeotropioall E—'kmer Rater Fornidd) -
In a simlar vvay, starting err]-phenyl e hyI ano- 3-
ani nopyriazol é}lnag(ﬂ@&areac}thme\@dreltﬁm xeactiamigichegked Id(sﬂyle] 1,2,4- 25

e o g A s i ) (5
5H) ; 7.95 ( @bsent, the mlxmre is cooled and added with hexane. The resulting
precipitate is filtered and crystallized to give 7-(B-phenylethyl)-2(2-furyl)-
pyrazolo[4,3-¢]1,2,4-triazolo[1,5¢]}-pyrimidine M.P. 174-175°C (20%) 'H
20 NMR (DMSO-d 6):3.23 (t,2H)4.74 (t, 2H); 6.75 (s, 1H); 7.14-7.17 (m, 5H);
7.28 (S: 1H); 7.98 (s, 1H); 8.53 (s, 1E); 9.56 (s, 1H).

In a similar way, starting from 1-B-phenylethyl-4-cyano-3-
aminopyrazole, 8-(B-phenylethyl)-2(2-furyl) pyrazolo[4,3-¢]1,2,4-
25  triazole(1,5-c)-pyrimidine was prepared; M.P. 268-270°C (600A) 'H NMR
(DMSO0-d6): 3.32 (t, 2H); 4.72 (t, 2H) ; 6.73 (s, 1H) , 7.23 (m, 5H) ; 7.95 (s,
1H); 8.8 (s, 1H); 9.41 (s, 1H).

" ¢) A suspension of the product of step b) (10 mmol) in 10% HCI (5.0
30 ml) is refluxed under stirring for 3 h. After cooling, the solution is

alkalinized with concentrated ammonium hydroxide at 0°C and the resulting
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1H)' 8.8 (s, 1H); 9.41 (s, lH)'. c) A suspension of the product

of step b) (10 mml ) in 10% HC1 (5.0 30 m) is refluxed under stirring
for 3 h. Aft &¥O8YHhg, the solution is al kal i ni zed wi th per/Us9esiies
concentrated amoni um hydr oxide at O[err]C and the resulting

53 WO 00/ 15231

PCTI US99) 21103 precipitate is filtered or extracted with et hyl
acetate (3 x 100 m), dried and evaporated to dryness under vacuum
to give the corr epmmitaﬁglslﬁmred 1of extracted with ethyl acetate (3 x 100 ml) dried and

R Fu) i ke itk ok Aol s BLARIR LY, 0
§4 5(l s, 1H); ? 68pﬁ&1yléthl_),1)-47 g(rZH(-ﬁxryIWZ4 tﬁaz%i.szyl?-% &mnofw}azolémﬁﬁ 1(7§ 1H

1-([err]-phenyl et h% Q! F‘BWRL(DM$O&¢5)5J&W)L 4318y(1,)2H); 5.78 (s, 1H), 6.37

T Tk e s € PR i i i

Cyanani de (60 nmofgb BH)'aiﬁdﬁﬁrﬂxﬁr%ragﬂﬁ-Q?%bﬂflcﬁ@gmB(m% -0b, £#rPRol-5-yl)- C)

(10 nole in N-met yl’pyrrolldone -t 6l'uene sul foni'c
acid (15 mmmol ). Tﬁ@lmnﬁpmasdes(mp;ﬂ@ﬂ()&(mﬁﬂw DMS&dé) i3 @g2HN ter 4

Continued o odaB bt > TREHR I3 Cor TR el " {1 ot vt o (200

m) and the 15 preC| pitate is filtered, washed with water and
crystallized fromethanol to give the correspondi ng

5-am no- 7- ([ 8Pr] - phedy Caangm)daﬂéommyis)adpgd zeosuspensipn of the amine of step

5y S Ty O e gy dgae T b plioved b pablich SuEpRiE o

and 1H; 7.78 acid (5 mihibI). 71‘}1%%{1&'&3 is HEate@td)Y6d°5E} unldel stigfhg, Aﬂer4ha In
a simlar way 5-am no-8-( err% phenyl et hyl ) - 2- -furyl(‘}XI pyrazol o( 4, 3-¢€] -

1,2, 4-triazol e[ 1, Sspnd portidnid eyammldeiﬁ)mnﬁﬂjls[addet}&n mt(nmis@odtlm)ed 3.21

(g 25" 5% UL orbia Eod il ik b MRt DG EA R e ©° (=1

Preparation ¢ 4- ?ﬁé@?ﬁm ﬁfﬁli’é}e& @aﬁmﬁﬁ#ﬂ?%ﬁﬁ and crystallized ﬁ‘brﬁ BEARBFiON Of
pot assi um car bona 23 nole) in DMBO (70 m) is added

subsequent |y wit hgb’?ath@awcwdma ﬁ-@nnn@igs(ﬁ zal';mylethyl)-Z—(Z ﬁ1ryl)-pyrazolo[4 3— T e
¢]-1,2,4-triazole[1,5-c]pyrimidine m.p. 225-226°C. '"H NMR (DMSO-d 6):
3.21 (t, 2H); 4.51 (t, 2H) ; 6.65 (s, 1H); 7.1-7.44 (m, SH, atom and 1H); 7.78
(s, 1H); 7.89 (sb, 2H); 8.07 (s, 1H).

20
In a similar way 5-amino-8-(B-phenylethyl)-2-(2-furyl)-pyrazolo[4,3-¢]-
1,2,4-triazole(1,5¢]-pyrimidine m.p. 212-213°C. '"H NMR (DMSO0-d 6): 3.21
(t,2H); 4.53 (t, 2H) ; 6.7 (s, 1H) ; 7.1-7.4 (m, 5H, arom and 1H); 7.65 (sb,
2H); 7.93 (s, 1H); 8.45 (s, 1H) was obtained.
25

Example 8: Preparation of 4-cyano-5-amino-1,2,3-triazoles
A suspension of potassium carbonate {0.23 mole) in DMSO (70 ml) is
added subsequently with cyanoacetamide (70 mmols) and |
p-fluorobenzylazide (54.5 mmols). The resulting solution is stirred at room
30  temperature for lh and then poured into a large volume of water (1.5 1). The

separated solid is filtered, washed with water and dried in oven at 70°C to
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p-f1 uor obenzyl azi de (54.5 mols). The resulting solution is stirred at room
30 tenperature for Ih and then poured into a |arge volune of water (1.5

1). The parated solid is filtered, washedwith water and dried in
oven at 7‘8800/15?3% PC5YUS99/21103 \\O
00/ 15231 .

PCT/ US9921 103 give

| - (p-fluorobenzyl) - 4-carboxam do-5-am no-1, 2, 3-triazol e (961% yield).

MP.: 198- 199[errC err]HNVR (DMSO-d[err]): 7.5-7.1 (m 6H); 64(s 2H) ;
5.4 ( s 29 -(pAflucrebenzybdsanboxamidosd m%%-mmer wi#l ool ed t o

O[err]C, in ug | g de (0.01
nol e). The MP 1 95103: ”%‘%ﬁ%?w%éghﬁzm% nut ﬁ; 3¢ [err]C 10
~mnutes at 25[3221‘1} CAQWm&5susaensxon(0005 fifolé)] stipécand dooldd fo0°Cidnl ing to
room t enperature are added and the mxture is

refl uxed for @Wr(ﬁtﬂél% is addeqd with phaspbereys pxychloride(0.01 mole). The

e oo 187 SRR RER (RS AIPLE oSl S St O M P
(KBr): 10  3#fifluted 2080 Xfterkodling 6 toom temperature Smmﬂﬁmby, the
foll om ng conpounds were prepared:

2-benzyl - 4- cy&ﬁ@ﬁ@%&lﬁmm@e & refluzedofos 5 minutes. 1~(p-ﬂm°rq!9|enzyl)-4-cyan0-
2- (0-f1 uorobegzyl o4 féacﬂng- @@a?%e%ﬁﬁn?tge 3{@%8 's81uhonc(§o‘%| ;ﬁxé’fd} Me.

fl uor obenzyl ) -4-Cyand-’
2-but yl - 4- cyah&SHSdﬁCﬂB{Nl\lRfﬁlMSGZdJG)S7 3-7.0 (m,6H); 515 (322H) IR (KBr) :

-

2- |sopent 5-am no 2,3-triazole - or

2- (2-net A xye?ﬁw%230%1§5§ﬁmnb 1,2, 3-triazole 1-

2- heptyl - 4-cyano-5-amno-1 , 2, 3-tri azol e 20 1- or

2-octyl -4-cyano-5-am no- 1, 2 3-triazole. These conpounds can be
used as inter ned%ata@oh@lypﬂtermﬂewtdg&dm younds rere preparedt r i azol o- pyrim di ne
conmpounds as descri bed herein. néol e 9 Preparati on of

et hoxymet hyl eneart Rb 1?@9@((1’69364’@55'3131110'1 2,3-triagple pr eparation of

et hoxymet hyl enea 4 | Vi rgormed
refl uxing the rersppggg Qggﬁfg?ﬁe@&gﬁnﬂ(yr#ﬁ wﬂﬁ“‘ i/% 33%?9161 %" ort hof or mat e.
By way ofl5exafinbrobehtfl)-#oyans-3timinod,2,3-tfed1e- 5-
(et hoxynet hyl eneam no)-I butyl pyrazole is reported. A solution of 4-cyano-
1- or 2-butyl-4-cyano-5-amino-1,2,3-triazole
1- or 2-isopentyl-4-cyano-5-damino-1,2,3-triazole
1-or 2-(2-methoxyethyl)-4-cyane#5-amino-1,2,3-tﬁazole 1-
2-heptyl-4-cyano-5-amino-1,2,3-triazole

20 1- or 2-octyl-4-cyano-5-amino-1,2,3-triazole.

These compounds can be used as intermediates to prepare the triazolo-

triazolo-pyrimidine compounds as described herein.

25  Example 9: Preparation of ethoxymethyleneamino heterocycles
The preparation of ethoxymethyleneamino heterocycles of formula IV is
performed refluxing the respective ortho-aminonitrile with ethyl
orthoformate. By way of example, the preparation of 4-cyano-3-
(ethoxymethyleneamino)-1-butylpyrazole is reported. A solution of 4-cyano-
30  S-amino-l-butylpyrazole (20 mmols) in triethyl orthoformate (40 ml) is
heated to the reflux temperature under nitrogen atmosphere for 8h. The

55



30 ° 5-amino-l-butylpyrazole (20 nmols) in triethyl orthoformate (40 m) is.
heated to the reflux tenperature under nitrogen atnosphere for 8h. The® "

55 WO o (hABZ3N , : PCT/US99/21103
PCT/ US99/ 21103 orthof ormat e excess is evaporated to dryness under
vacuum and the resi dual yellow oil is dissolved in ethyl ether and
eluted through silica gel to give the pure conpound (87%vyield). In
many cases, the residue obtained after evapor ation of the

orthoformate is ' ' d”tﬁ‘gﬁ ' idual
subsequent st ep. W@%ﬁ%%ﬁ&iﬁ%ﬁ"@gﬁ@lm g%{suen?irﬁf?ad[ugﬂ j5r|z_<|i ':I{Iiewges1 g

(CDCl[err]): yelldwil i, diss}vedrinethyl, ethdr)andalated through sidica gehtoogiye the. g
Gyei | vt on of " oENEGHEPHAET b ieIn I8 iy apess thegresidue obBIEHARr 0n of ¢ ne
byarasi de (25 o vAPEoFbPHELrEhd EniR: Sibshifiafly pure and sisel s St
S e e e
ether (50 m) usidfh(salH -Jnﬁc%iﬁﬂ:&#héém 43 £‘12§55\rﬂ3|("%ﬁ§§$ (R’ 14 Pheny
Fonet on. after SEREEOIEREES 1Y O o "The reaction i5 checked by

TLC (2:1 ethyl acetate: petrol eum et her) and when the whole starting

product has di sappeared, the m xture_s - cpol ed.an exane i s added.

The resulting pr &&@P]&tlék E@"ﬂ?ﬂ'@?é’é e%ymethy?qgegg\l%q F{}éﬂc’fcﬁ?ﬁn t he

sui tabl e solent. In ' bhi; -
M A§8ﬁ§oﬁ%ﬁ§e e@ao@@x&%@%f&gﬁx @Hét'éﬂicgéleg(g(_) %‘ggm@z

solution, which is then decanted an tly extract . oily (
residue is then dhroderatiddmydpizide (205 gi 22 eangls) in 24msthowyetitanol €30wml) iacet at e
/ petrol eum et her m xtures ive the tricyclic compoun

.t d Vi
By way of exanpl d&tluxesefogdde 3ché|ﬁe§ﬁﬁ°lé"t&&"r splution isavappraiediodrynessie of
25 . ) g
P butyt2( 5ot uryi LB BTREREA Y yhIUEPS sHRERA b Micrtfaf of ARALIDAT dipheny!
[err]H NVR ( DMSOetherX50 tnlpusing alrohindboofrsflaskHfittedwith @ipean-Hiark apparatus,1 H) ;

o1 ( rq__‘; 1H)tt;) a:AzféOStro(ptiéa%l;Dfemldv% tgg] wzawr;forlrhgd ghrxrx]'lggl_Qhe rg?acgtio(x{ A&@rvmsy%g 5.
times (3 to 5h) the reaction is checked by TLC (2:1 ethyl acetate: pet__roleum -
ether) and when the whole starting product has disappeared, the mixture is
cooled and hexane is added. The resulting precipitate is filtered and
crystallized from the suitable solvent. In some cases, a viscous oil separates

20  from the solution, which is then decantéd and subsequently extracted. The

oily residue is then chromatographed on silica gel, eluting with ethyl acetate ( |

/petroleum ether mixtures, to give the tricyclic compound V1.

By way of examples, the analytical and spectroscopical characteristics of

25  some compounds prepared by these procedures are reported:

7-butyl-2(2-furyl)-pyrazolo-[4,3-¢],2,4-triazolo[ 1,5¢]pyrimidine.
'H NMR (DMSO-d 6): 9.6 (s, IH); 8.6 (s, IH); 8.0 (m, 1H); 7.4 (m, IH); 6.7
(m, TH); 4.5 (t,2H); 1.9 (m,2H); 1.3 (m,2H); 0.9 (;,3H).
30
8-butyl-2(2-furyl)-pyrazolo[4,3-¢l],2,4-triazolo[ 1,5¢]pyrimidine.
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8-but'y| 2(2 furyl)-pyrazolo[4,3-el], 2, 4 triazol o[ 1, 5c] pyrim di ne.

56 ° *WO 00/ 15231¢ /¢ “

PCT/ USQQ/%%)Q%BI [ERRFH NVMR (DMSO-d 6): 9.4 (s, 1H);

8.0 (m 1H) m 1H); 6.2 (m 1H); 4.5 (t,2H); 19(1’6%?/%%;”2"93
(m2H); O. (m3H) In the 2D NWMR (NCESY) spectrum the N-CH2 signal
resonati ng at 4.5 shows cross peaks with the C9-H signal resonating
at 8.9. . 7-isopentyl-2(2-fUryl)-pyrazolo[4,3-e] 1

8284(tsrI ﬁjl Oﬁ%}mmg gﬁg%‘h{% 1y, ig?gllﬁﬁ@&%ﬁ@)mé%(s o

1.18-1.7 -NMR
8- i sopent §/Im g)ﬁ)rly%&%y azol(“t ?}9 L 2H)40t9r(lné,§(l)-ll)ol[n1thg2(]?] pyr1 m di ne.
9.1 (s, 1H); SNOESY) spegtrurs, the(NeCHﬁxgnﬂresqmtmgnwsesIﬁw@mssm)eakM 6 (t,

2H) ; 3 d 6 Followi ng this
procedure,’ th&‘%@F%%ﬁe @in%ﬁ'gbprepar ed: 15

7-nmet hyl - 3(2-furyl)-pyrazolo[ 4,3-e] 1 ,2,4-triazolo[1 ,5c]pyrimdine
8-met hyl -2(2-furyl)-pyrazol o[ 4, 3-€], 2, 4-tri azol o[ |, 5c] pyri m di ne
7- ( 2- chl or opheny [Tyisopentyl2(@+firyly-pyrazold[4,33e}d ] 214-2riaralo[hSedJpyrimidine.

T St ol NMR (ene BB, B 8 & T Y o BG78 8 it e ¢,

7-tert-butyl 2 A G (O2H): PBAE P 2 triazolo[ 1, 5-c] pyrimdine
7-(2- cyclopenty)lz)et%)d )‘2(2- url(ﬂgépyra Zo o[ljlb3 e] 1,2, 4 triazol o(l

, 5-¢) pyri m di ne-
8-b | vR2(2-f l.) - 4.3-el1, 2, .4- | 1 di
7- benzyl 2 Ez fﬂ%% S Ao A s fofd a4 R0t B Y BIRB 1 1 i e
25 | L

,2,3-tri azol oB}S (égle}l?’@ﬁ(%ﬁ%z%?%n{ l{H} r3 (l'n IH)]66(m, ? a8 (5 2H);

7- (4-f1 uor obehdyl ﬁ(a(,zmmm@,an) 2 3-triazol o[5,4e] 1,2, 4 triazol o[ 1, 5-

c] pyri mdine 7- butyl - 2(2fury|) 1 23tr|azolo[54e] 1
,2,4-triazol o[ 1,5-c]pyrimdine 30 7-isopenty|-2(2-fury|)-1

, 2, 3-triazol o[ 5, foRbwing thigprotedife) the Following compounle Werdbbpafed:

15 7-methyl-2(2-furyl)-pyrazolof4,3-€]1,2,4-triazolo[1,5¢c]pyrimidine
8-methyl-2(2-furyl)-pyrazolo[4,3-¢],2,4-triazolo[1,5¢c]pyrimidine
7-(2-chlorophenyl)-2(2-furyl)-pyrazolo[4,3-¢]1,2,4triazolo[1,5-

clpyrimidine
7-phenylethyl-2(2-furyl)-pyrazolo[4,3-€]1,2,4-triazolo[1,5-c]pyrimidine

20 7-tert-butyl-2(2-furyl)-pyrazolo[4,3-¢]l,2,4-triazolo[1,5-c]pyrimidine
7-(2-cyclopentyl)ethyl-2(2-furyl)-pyrazolof4,3-€]1,2,4

triazolo(1,5-c)pyrimidine
8-benzyl-2(2-furyl)-pyrazolo[4,3-€]},2,4-triazolo[1,5c]pyrimidine
7-benzyl-2(2-furyl)-1,2,3-triazolo[5,4-¢]l,2,4-triazolo[ 1,5-c]pyrimidine

25 7-(2-fluorobenzyl)-2(2-furyl)-1,2,3-triazolo[5;4¢]1,2,4-triazolo[ 1,5~

c]pyrimidine
7-(4-fluorobenzyl)-2(2-furyl)-1,2,3-triazolo[5,4€]1,2,4-triazolof1,5-
clpyrimidine
- 7-butyl-2(2-furyl)-1,2,3-triazolo[5,4-¢]1,2,4-triazolo[ 1,5-c]pyrimidine

30 7-isopentyl-2(2-ﬁ1ryl)-1 ,2,3-triazolo{5,4-¢e]1,2,4-triazolo(1,5-~

c)pyrimidine
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7- (2- et hoxy§V QA2 o furyl)-1,2, 3-triazol o 5, 4e] 1, 2, 4-t ri azol JCTUS21103
c] pyri mdi ne

7-heptyl -2(2-furyl)- 123tr|azolo[54e]124tr|azolo[15c]pyr|md|ne
7-octyl-2(2-furyl)- 1,2,3-triazolo[5,4-e] 1,2,4-triazolo[ 1,5-c]pyrimdine
5

8- benzyl - 2( 2- f uryl ) - 7;(2:methexyethdi H24fuey}:-12, I twigzolof $A8}li2,%triazelall 3 di ne
8-(2-fl uorobenzyl()’]- %2-.fury| )-1,2,3-triazolo[5,4e]1,2,4-triazol o[ 1, 5-
c] pyri mdi ne

8- (4-f 1 uor obenzyl ) - 2¢3ebtdQ-fhryd)-1;2, 3 itAARIS[6H-RR U-Riadolo] 1,52 pyirhidine
c] pyrimdine 10

8- but yl - 2( 2- f ur yl ) - 170ctlt2(2faryip152,3-tupaolo[5¢4-cHi, Zd-driagolold . ¢ pyrimidinene

R R e e

1,2,4-triazolo[ 1,5 g.(2-fluor6Beisiyl)T2@L ,2,3-triazolo[5,4e]1,2,4-triazolo[1,5-
8hepty| 2(2fury|) 1(23trlazolo[gﬁﬂyl];‘lz1 trla[zol%[l c]py¥|md|ne

8- octyl - 2( 2- f ur ylglpyrimiding- t ri azol o[ 5 , 4- €] 1-

, 2, 4-t | o[ 1, 5- di

0 benzyl -2(2-1 uryi ) - Bk My 't?ei%po%@ G2 3 Rl LSl o ne
9-(2-fl uorobenzyla]p%gn&%yl) 1 ,2,3-triazolo[4,5e]1,2,4-triazolo[1 5-

c] pyrimdine 20

2] (4rf Imugr (r)]tejleolzyl ) - 28-butyl2(Ryfutyl}12, Bﬂnamibiﬁ[%eﬁﬁ}%k@mhﬂﬁ?ﬂ?mﬁlifz o S
i mi di 1az e
pr g)r;ar e the triazol of" 1sopentyrf%§? fﬁggyglggiv E‘?[ﬁé’gﬁﬁcﬁ adolof 5™
25

pyrazol o-tri azol )pyfimididenes as described herein. Exampl e 11:
Preparation of 5-am no-7-[aralky IMZ (2- furyls)

zol e[ 4, 3-€e] -1, 2, 4- trs-élﬂs}’ (2-guyil oy, i2:3-triazeto] 4-3{124-malo|9[1b§'en3| on of the
am nes of forrrul&lggn?% mmol s) in N-nethyl - pyrrolidone (40 m) is
added with cyana Fol s) followed .by p- 30 t ol uenesul fonic acid

(15 mol s). e nixt Sl-l}ﬁptﬁ-ﬂSE-ﬁlﬁﬂ)-‘lQ 10RaRN6[5QA- ltﬂﬁ-mazolo[l,lieqp?ﬁnﬁdme

stirring. After 4h, a secon tion of cyanam is -

58 -octyl-2(2- D-1,2,3 -tnazolo[S 4-e]1 2, tnazolo[l -c]pynmldme
9-benzyl-2(2-furyl)-1,2,3 -tn_azolo[4,5—e] 1,2,4-triazolo[l,5-c]pyrimidine
9-(2-fluorobenzyl)-2(2-furyl)-1,2,3-triazolo[4,5¢]l,2,4-triazolo[ 1,5-

c]pyrimidine
20 9—(4-ﬂuorobenzyl)-Z(Z-furyl)—l,2,3'-triazolo[4,5e]1,2,4-triazolo[1,5-
c]pyrimidine | (

| These compounds can be used as intermediates to prepare the triazolo-
triazolo-pyrimidines and pyrazolo-triazolo-pyrimidines as described herein.
25 | |
Example 11: Preparation of S-amino-7-[aralkyl)}-2-(2-furyl)-pyra-
zole[4,3-e]-1,2,4-triazole[1,5-c]pyrimidines
A suspension of the amines of formula VII (10 mmols) in N-methyl-
pyrrolidone (40 m}) is added with cyanamide (60 mmols) followed by p-
30  toluenesulfonic acid (15 mmols). The mixture is heated to 160°C with '

magnetic stirring. After 4h, a second portion of cyanamide (60 mmols) is
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PCT/ US99/ 21 103 L} added and heating is continued overnight. The

mxture js then treated with hot water (200 ) and the reC| |tated

solid i sYROE3dd, washed with water and crystal | i zedPEFYS?

If no precipitations take place, the solution is extracted W|th ethyl

acetate (4 x 100 mM) , the extracts are washed with brine 5 (2 x 50 m)
dried and evaporated to dryness under vacuum The residue is t hen

é:hromat ographed on a silica gel colum el uti ng wth e e.
In the fol | onddey andieatingliy consinued eyempght: The é{l%ly BFatE‘gWg&‘

S ani no- 7- buibl water S20d T s BE BB AEEs IR fgﬁg"“{’ hshed with wate
clpyri m d nema/b&siaiﬁzew@&n oL ol Byl the sbﬂauorﬂso (s, 2H),

m 1 7.2 X 1 (t, 2 m
2 H) y: ¢ -H) 0 emr(Qtéd Mghl_;)thyl acetate 4x E?)b ml), the extracI:_ti)s are washeﬁ]wgh fme 5 (

o pyri i o ne o308 ek ahtRYpRGaleteR ok ekl Pheepie iy, o 1,y .
15 7.6 (Sth&@hrox?xa’% hedldh a flida géDcohitha eluting(with &thly] acetle(m 2H); 1.2
(m 2H); 9 (t 5-am no- 7- benzyl - 2- (2-furyl) -

1,2, 3- trlazolo[5 4- e] 1 2, 4- triazol o[ 1, 5- c]pyrimdine. Mnp.

295-297Lerr] G Irelrffg% 'f«!)lgm?n%%gpgly@:él BidpbSrostbic ditdofidme0  1H: 7.3

(m 6H; 6.
5- ami no- 7- o- Eb bﬁndseﬁ;eyémab(y&hfs ryéedute Eedeportadizol o[ 5, 4-e] - 1, 2;4

tr| azoI gl[QSS cmggﬁga%%t%ﬂ (Z@fgi)glchly rr]pszél\@n_g%? 356) 8.5 (s,
5 7- met e 2c
o g;“r P% i el e MY o7- P B s 2 6) 4.1 (£18h 08I0t 21
5-am no- 7- ter7t9(mtm2) 22((&11‘15[0;/6 -y 6.2 (4 2H)el.9 n22H); L.54mpRED] 1, 5- 30
c] pyri mdine;
9 (t, 3H) S-ammo-s-butyl-z -(2-furyl)-pyrazolo[4,3-e]-1,2,4-triazolo[1,5-
c]pyrimidine m.p. 183-185°C; '"H NMR (DMSO0-d 6): 8.6 (s, 1H); 8.0 (s,lH),
15 7.6 (s, 2H); 7.2 (m, IH); 6.7 (m, 1H); 4.2 (t, 2H); 1.8 (m, 2H); 1.2 (m, 2H);

0.9 (¢, 3H). | | .

5-amino-7-benzyl-2-(2-furyl)-1,2,3-triazolo[5,4-€]1,2,4-triazolo[l,5-
c]pyrimidine. M.p. 295-297°C; 'H NMR (DMSO-d 6): 8.5 (s, 2H); 8.0 (s,
20  1H); 7.3 (m, 6H); 6.7 (m, 1H); 5.7 (s, 2H).

5-amino-7-o-fluoro-benzyl-2-(2-furyl)-1,2,3-triazolo[5,4-¢]-1,2,4-
triazolo[l,5-c]pyrimidine M.p. 310-312°C; 'H NMR (DMSO-d 6): 8.5 (s,
2H); 8.0 (s, IH); 7.3 (m, 5H); 6.8 (s, IH); 5.75 (s, 2H). -
25
5-amino-7-methyl-2-(2-furyl)-pyrazolo[4,3-¢]-1,2,4 triazolo-[1,5-
c]pyrimidine; m.p. 210-213°C '

' 5-amino-7-tert-butyl-2-(2-furyl)-pyrazolo[4,3-e]-1,2,4 triazolo-[1,5-
30 c]pyrimidine; m.p. 238-240°C
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5- ani no- 2- (ygﬁwﬁz}”pyrazol o[4,3-e]-1,2,4-triazolo PCT/US99/21103
(1,5-c)pyrimdine; mp. 248-250[err]C

5-am no- 7- (2- hydroxyet hyl )-2-(2-furyl)-pyrazol o[ 4, 3-e] 1, 2, 4- trlazol o- 5
[1,5- c]pyrimidine; mp. 258- 260[err]C

R e
5-am no- 7- |sopent IS%gSéT ?mgfrp},l@o&rgzﬁd)tﬂ 3-e]-1,2,4-triazol o- [1 5-

e] pyri m di ne;
5- am no- 8- |sopentyl 2-(2-furyl)-pyrazol o(4,3-e)-1,2,4-triazolo-[| 5-
c]pyrimdine;. mp. 200: 203 err

5- ami no- 7- phenet hyl 5231'(“21% WEMHQ‘@’BP—HYTEZQQ‘*@&MQ@W?@

c] pyr| m di ness °C
5-am no- 7- benzyl @)Zy ﬁﬁél 5111% n?gry?% 2;6)§)/razol o[4,3-¢e] 1,2,4-triazolo- 20
[ 1, 5-c] pyri m di ne.

a1 boE by e ROIE R s S 4 DA AR Sl 2
be reacted with @@Wameeﬁ%_ oo f-onic acid derivative to arrive
; a  drsc -

at the conpounds r ol osed her ei n.

o ]

10 5—amino-?—isopentyl-2'-(2—ﬁ.1ry1)—pyrazolo[4,3-e]-1,2,4-triazolo-[l,5- (\
e]pyrimidine; m.p. 208-210°C. '

5-amino-8-isopentyl-2-(2-furyl)-pyrazolo(4,3-e)-1,2,4-triazolo-[1,5-
c]pyrimidine;. m.p. 200-203°C.

5-ammo-?-phenethyl-2-(2-ﬁ.1ryl)—pyrazolo[4 3-¢}-1,2 4-tnazolo-[1 5-
c]pyrimidine; m.p. 225°C.

5-amino-7-benzyloxyethyl-2-(2-furyl)-pyrazolo[4,3-€]1,2,4-triazolo-
20  [1,5-c]pyrimidine. '

5-amino-7-{B-(4-isobutylphenethyl)]-2-(2-furyl)-pyrazole[4,3-€]-1,2,4-
triazole[1,5-c]pyrimidine m.p. 207-210°C.

25 These compounds can be reacted with a suitable acid or sulfonic acid

derivative to arrive at the compounds of Formula I disclosed herein.
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PC/"S9921+ 103 { JExanpl e 12: Preparation of
Substi t ut ﬁivﬁg#?oxam’do 5-am no-1, 2, 3- . triaa0les
p- Fl uor ob de (15.1 g, 0.1 ol e) and cyanacet ani de ( 10PET@/S24!43

nol es) are added in this order to a suspension of powdered potassium 5

carbonate (57.5 g, 0.42 nole) in dinethylsulfoxide (150 mM). The mxture is
stirred at roomtenperature, for Ih. The mxture is poured into 3 liters of
water and the solid which separates is filtered and washed thoroughly with

wat er to gi veExample 12:(Péparafion of Stbsututeddzgdrbéxamide-Saaindwo-3;23% no
1,2,3-triazole, MP.: 198-199[err]C [err]H NWR (DMSO-d 6): 7.5-7.1 (m6H);
6.4 10 (s, 2fjazoles) (5 on) . Anal ogously,

2 49101 & SHLOT B faABROIEN 403 A1 Bnd Fgdconmige (0801 ™
I %237t f?aggll gﬁld)s) arkadded in this ordédr td amns;immbnlof udet@pmashmﬂ- axm no

H : 6.27 (gngorgtﬁ (57r7ns 800 %%%ﬁozll)lip[%” err)!lde(l\% Smitureis e (S
-f
- (
81-

I b C
[ g?; ]O Sﬂé%%ﬁr yl %‘ﬂcar oxam dﬁs?y%am no- ’ﬁth%qglpt&rmg{lzlg y §?§er§%?
183[ er r ] Owafeeand theNold WNEDseffarateS isOB Itéred aﬁﬂi)ﬂashecB&oroughly with 2 H)

Pr apar at | on GWRGHIREE deAT 8RR b %&%bﬁ%lé?mm Sahito 1
?ggpznal 08. 2r1d 3%};%%&%%@6% MQ? magneti ca ?I ygys)t |15r re’eg(‘g{&gzehss added
\IMGtwh 20. 80n1 (SQH) ol @2H) POCI[err]. The solution is stirred f_or 5h at 0C,
Analogously, 2-fluoro-6-chlorobenzyl-4-carboxamide-5 amino-1,2,3-
triazole; m.p. 230-231°C; '"H NMR (DMSO d 6): 5.40 (s, 2H); 6.52 (sb, 2H);
7.12-7.45 (m, SH).
15
3-fluorobenzyl-4-carboxamido-5-amino 1,2 3-trfazole;
m.p. 211-211°C 'H-NMR (DMSO-d 6): 5.46 (s, 2H) .6.47 (sb, 2H), 7.00-
7.52 (m, 6H).

20 2-ﬂuorobenzyl-4-caxboxamido-5-amino-1:2,3-triazole; M.P. 195-197°C.

1-(B-phenylethyl)-4-carboxamido-5 -amino-l,ﬁ,3-triazole;
M.P. 181-183°C; 'H NMR (DMSO-d6): 3.04 (t, 2H); 4.35
(t, 2H); 6.30 (sb, 2H); 7.20-7.47 (m, 7H) are obtained.
25 _
Example 13: Preparation of Substituted-4-cyano-S-amino-1,2,3-triazoles
A suspension of 1-p-fluorobenzyl-4-carboxamido-5-amino-1,2,3-triazole
(23.4 g, 0.1 mole) in DMF (100 10 ml), magneti_cally stirred at 0°C, is added
with 20.8 ml (0.2 mole) of POCI;. The solution is stirred for 5h at 0°C, 10h
30  atroom temperature and finally 15h at 80°C. After cooling, 1N HCI (100 ml)

_ is added thereto énd the resulting solution is refluxed for 5h; upon cooling -
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30 at roomtenperature and finally |5h at 80[err]C. After cooling, 1N HCl

(100 m) ' ed thereto and the resulting solution is refluxed 'for
5h; upon cooﬁ%B&’?’?’gg BAT/US99/2 N3
00 15231 .

PCT/ US99t 21103 1,5 p-fluorobenzyl -4-cyano-5-amno-1, 2, 3-tri azol e
(18.54 g, 90% precipitates. MP. 185-186C, [err]H NWR

(DMSO-d6) : - 7. 3-7 6H),: 5. s, 2H); Al Kl : 00 20, 2220,
1655 cm 1. 5 lg.fg'lﬁm%“@ﬁ'ﬁ?p’??ﬁéﬁ@mf'w‘ﬂgvﬁ Hgazg@r{ﬂ)ﬁgﬁ&%% obt ai ned:
2-f1uoro-6-chl or E&%ﬁﬁwwﬁmr@@ssﬁs@ﬁm%W@Mﬁ-ﬁbgm-m (m,680); 3.5
181-185C [err]H NMR(DVBO-d" 6): 5.40 (s, 2H); ' 7.26-7.50"(m 5H).

3-fl uor obenzyl - 4(3B}dRKANN34QQ, 3220 222Q,dl655 c-. 195 -197C; 'H 10 NWR
(DMBO-d 6): '5.44 (s, 2H); 7.00-7.43 (m 6H).

-fluorobenzyl - 4-cyano- 5-am no-1, 2, 3-trirazole; MP.: 195-197C

-([err]-phenyl et hyl el | taibed. 149-150C. [err]H
5  NMWR (DMBSOd 6) :A%#%%ﬁ%t%@m@ 4! 3%%"%62‘%@@%?‘%@; 2H); 7.23-7.28
m. 5H) . 2-fluéroabrehiorobienziyl-dpeyanior Hamirio-1,2,3-triazole;

Substitut ed-4[ 3(2f L) ; -tri - 2=yl 14 - agianq; 2
Tl ool oa 20° ¢ M Brids T B AR NS0 ): 5.40 (5, 28 89128% 50 5.
1- p-fl uorobenzyl - 4-cyano-5-am nol , 2, 3-tri azole (20 nmol s) and

2-furoic acid hydrazide (22 mmols) in diphenyl ether (30 m) is
stirred and heated Beflnefobenzyl266yana-p@minot h2,3-tbezole;IMR.H95pRF°;UH unt i |

t he starti d.dis ear T 1.t . After cooling, the
m xture is t16 Wﬁﬁg@‘g%%g%ﬁe%ﬁs%*ﬁ%ﬂ%@“m resulting precipitate (
is either filtered or 25 separated by decantation and chromatographed on *. .
a silica gel colum eluting with 2:1. - ethyl acetate and petrol eum

et her. _ 2-fluorobenzyl-4-cyano-5-amino-1,2,3-triazole; M.P.: 195-197°C.

1- p-fluorobenzyl -4[3(2-furyl)-1,2,4-triazol -5-yl]-5amno- 1, 2, 3-

2
1
1
(

1-(B-phenylethyl)-4-cyano-5-amino-1,2,3-triazole; M.P. 149-150°C. 'H
15 NMR (DMSO-d 6): 3.04 (t, 2H), 4.36 (t, 2H); 7.03 (sb, 2H); 7.23-7.28 (m,
. - =
Example 14: Preparation of Substituted-4[3(2-furyl)-1,2,4-triazol-5-yl}-
S5-amino- 1, 2, 3-triazoles '
20 A suspension of 1-p-fluorobenzyl-4-cyano-5-amino1,2,3-triazole (20
" mmols) and 2-furoic acid hydrazide (22 mmols) in diphenyl ether (30 ml) is (
stirred and heated to reflux (260°C) with a Dean-Stark apparatus until the
starting compound disappears (TLC, 1 to 2 h). After cooling, the mixture is
diluted with petroleum ether and the resulting precipitate is either filtered or
25  separated by decantation and chromatographed on a silica gel column eluting

. with 2:1 ethyl acetate and petroleum ether.
1-p-fluorobenzyl-4[3(2-furyl)-1,2,4-triazol-5-yl}-5amino- 1, 2, 3-

triazole; m.p. 266-268°C 'H NMR (DMSO-d 6): 14.5 (s, IH); 7.8 (s, 1H); 7.4-
30 7.1 (m,5H); 6.6 (s, IH); 6.5 (s, 2H); 5.5 (s, 2H). '
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triazble; mp. 266-268[err]C [err]H NVMR (DMSO-d 6): 14.5 (s, 1H); 7.8 (s,
(s

1H); 7.4- 30 7.1 (k5H); 6.6 (s, 1H; 6.5 (s, 2y, 5.5 2H) .

62 WO 601525231

PCT/ US99/ 21103 Anal ogous| y, PCT/USI921103
1-([err]-phenylethyl)-4[3(2-furyl)-1,2,4-triazol-5-yl]-S- am no

1,2,3-triazole (50%; mp. 200-202C. [err]H NVR (DMSO-d6): 3.07 (t,
2H); 4.16 (t, 2H); 5.50 (sb, 2H); 6.61 (s, 1H); 6.95 (s, 1 H; 7.2-7.4 (m

EFS’rH)e;oar ation of 72-’&%318%- ;%ﬁ@pﬁ%@g@%ﬁ%ﬁ@-ﬁ%f%-,tg%orl.isaxu-s'ixarrpl e 15:
20l 0 5, 4- €] | , 2findl, 2 3emiaable (S0%)PHip.B00:2025C. HNMR (DMEC-U6pEnd? ¢t of 1

-p-fl b | -4 3( 2-f 1Y1,2, 4-tri | -5-y| -5-
o S ks 116 (1 OFDR650) (b PO on THO 0G5 1 805 7 T4 SE ) 1 s

(15 "0 o 8 Y IRETEE G 4EDE ReakBy %Yo e 11 C with mmgnetic

stirring. SAfter 4h, a second portion of cyanam de (6 mmols) is added
and heating is_continued overnight. The mixture is then treated with

hot water (20 ExampledSt Reeparationply-amine7eSnhstitntedr - (G-furyd-Le,3HEidhed with
wat er and crys‘toﬁggl“gejg ZfLQm%ﬁogt,%yMEdmu no precipitations take pl ace,

the solution i's egxtracted w dcetate (4 x 10 m), the

extracts are wash&duspenSiordfiiep{ffiorotenty}4{3(-filrsil) A2gi-triazol-5gu<ipor at ed to
dryness under vgcuym _The residue is then chromatographed on-a silica

gel col urm el @Rerlwg.3-triazals (0.32% 84k m@%inﬂ-m@ylr@'r(@mi(émy 18 of

(7 azol ol P 5. HasE PRI MhartidstS bl Il b ISR RERRIFLS 50 (co
2H) ; 7.95 (s mrhbls). The/miktire(ighested at 660°C ithignetic tifring. Affer 4h, a
Anal ogously, were obtai ned:

5- ani no- 7- o- f SEEANGRATEGR ob cyanamide (6 yumolsyis added andohesting is eqntinupd,. 25
5 o mo- 7. ben Sy a i The fpdihqis (ATLEREL bt hot wpter GO apd e, ) 14 5.
c] pyri m di ne; phtdipit@t@&bsclilisfiltdréd, washed with water and crystallized from
15  ethanol. If no precipitations take place, the solution is extracted with ethyl
acetate (4 x 10 ml), the extracts are washed with brine (2 x 5 ml), dried and
evaporated to dryness under vacuum. The residue is then chromatographed
on a silica gel column eluting with ethyl acetate to give '1 05 mg (30% yield)
of 5-amino-7-p-fluoro-benzyl-2-(2-furyl)-1,2,3-friazolo[5,4-¢}1,2,4-
20  triazolo[1,5-c]pyrimidine M.P.: 266-268°C; 'H NMR (DMSO-d 6) : 8.5 (sb,
~ 2H);7.95 (s, 1H); 7.4-7.1 (m, 6H); 6.7 (s, 1H); 5.7 (s, 2H).

Analogously, were obtained:
5-amino-7-o-fluorobenzyl-2-(2-furyl)-1,2,3-triazolo[5,4-¢]1,2,4-

25  triazolo[1,5-c]pyrimidine; M.P. 310°C.

S-amino-7-benzyl-2-(2-furyl)-1,2,3-triazolo[5.4-€]1,2,4-triazolo[1,5-
cJpyrimidine; M.P. 295-297°C,

30 5-amino-7-(2-fluoro-6-chlorobenzyl)-2-(2-furyl)-1,2,3 triazolo-5,4-
e]1.2,4-triazolo[1,5-c}pyrimidine; M.P. 218-220°C; 'H NMR (DMSO-d6):
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30° 5- am no- 7- (2- fl uor o- 6- chl or obenzyl )-2-(2-furyl)- 1,2,3

triazol o-5, 4- el].2,4-triazolo[1,5-c]pyrimdine; MP. 218 220C; °
[err]H NVR (MOS8 _ PCT/USBH21103
WD 00/) 5231 PCT/ US99/ 21103
8.51 ( sb' 2H); 7.98 (s, 1H); 7.55-7.28 (m 4H); 6.77 (m 1H); 5.73 (s,
2H) . 5-am no- 7- (mfluorobenzyl)-2-(2-furyl)1,2

t | o[ 5. 4- 2, 4- t | o di 283 G
L e ) e 5 Bl i o AT
6.76 (s, 1H); 5.75 (s, 2H).

5-am'no-7([err] phenyl ethyl)-2-(2-furyl)-1.2,3 triazolo[5,4-e] 1,2,4-
triazolo(1, 5-c] pyri Bighii.7- tﬁxfilu&ﬁeex&ﬂ)m(ﬂﬁaylilez,sWS(MQM) 8. 4

g.sg’l (t, 2E|)H) érgugol(os(bb{c&mm;d?n: m. g 5@«38&?@ 'ﬁmdww)&ﬂé&bﬁn
compaunds vese. peik 3816 1865 PR Ten, SBS; 6.96'Q 1Y 575, e

5-amino-7-(B-phenylethyl)-2-(2-furyl)-1.2,3 triazolo[5,4-¢] 1,2,4-
tﬁazolo[l,S-c]pydmidine; M.P. 269-271°C; 'H NMR (DMSO-d6): 8.4 (sb,
2H); 7.98 (s, 1H); 7.3-7.15 (m, 6H); 6.8 (s, 1H); 4.71 (t, 2H), 3.31 (t, 2H) are

10  obtained.

Example 16: Additional Compounds
Using the chemistry described above, the following additional
compounds were prepared:
15

20

25
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(b

PCT/ US99/ 21 103 U Compd. R g Rl err]
No. 5WO 00/15231 60 H H PCT/US99/21103
H 4- MeO- Ph- NHCO 62 H
3- Cl - Ph- NHCO 63 t-Clerr]H err] H
64 t-Cerr]H err] 4- MeO Ph- NHCO 10 65
t-Clerr]Herr] 3- d - Ph- NHCO 66 CH3
Ph- NHCO 67 CH3 4- SOBH- Ph- NHCO
68 - CH3 3 4. (‘1[ er ] - Ph-NHCO... 69
CH3 Compd. R, 4- (CCH err]-O) - PR .
NHCO 15 70 CH3 4- (N errj) - Ph- NHCO
71 CH err] No. 4- (CH err]}) - Ph- NHCO 72
CH3 Ph-(CH err])-CO 73 [err]
Ph- NHCO - 74 Jerr] 4- SO ey r ] H Ph- NHCO 20
75 5 [err] 60 H - 3,4-C [err]HPh- NHCO
61 H 4-MeO-Ph-NHCO
62 H 3-CI-Ph-NHCO
63 t-CH, H
64 t-CH, - 4-MeO-Ph-NHCO
10 65 t-C X, 3-CIl-Ph-NHCO
66 'CH, Ph-NHCO
67 CH, 4-SO,H-Ph-NHCO
68 CH, 3,4-C1,-Ph-NHCO
69 CH, - | 3,4-(OCH,-0)-Ph-
NHCO
15 70 CH, 4-(NO,)-Ph-NHCO
7 CH, 4-(CH,)-Ph-NHCO
72 CH, Ph-(CH,)-CO
73 CH, Ph-NHCO
74 C,H, 4-SO,H-Ph-NHCO
20 75 C,H, 3,4-CL-Ph-NHCO
76 C,H, 3,4-(OCH,-O)-Ph-
NHCO
77 C,H; 4-(NO,)-Ph-NHCO
78 C,H, 4-(CH,)-Ph-NHCO
79 C,H, Ph-(CH,)-CO
25 80 n-C,H, Ph-NHCO
81 n-C,H, 4-SO,H-Ph-NHCO
82 n-C,H, 3,4-C1,-Ph-NHCO
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76 [err] ' 3,4-(CCH err]-0O - Ph- -
NHCO WO 00/15231 [err] 4-(NJerr]) - B&-rmmuos
78 [err] 4-(CH err]) - Ph- NHCO
[err] Ph-(CH err])-CO 25 80 n-[err]
Ph- NHCO - - 81 n-[err] 4- SGBH Ph- NHCO
82 n-[err] 3,4-Cl[err]-Ph-NHCO
65 WD 00/ 15231
PCUSI 21103 83 slsl-Caﬂv n-[err] 3,4-(OCH,-O)-Ph-
3,4-(CCH err]-0O - Ph- NHCO
84 ( [D[er% A-u\lerrr])-ph_ru%CO 85
n-[err] 84 4- (OfigLcil; NHCO 4-(N6)-Ph-NHCU | Jerr]
Ph-(CH err])-CO 5 A—f-err PR NHCO
88 n-[err] 85 n-C H; SOBH- Ph- NHCO 4-(CH3)-Ph-NH60
nO[err] ST =P HES 90~ n-[err]
4-(OCH err]-0O-Ph- {86 n-C,H, Ph-(CH,)-CO NHCO
91 n-[err] Z-TNg err])-Pn-FECO " T0 92
n-[err] S 87 4- (chmeCe - Ph- NHCO Ph-NHCOg3
2-([err]-napthyl)ethyl Ph rr])-
2-([err]-napthyl)eth 88 1 (‘EE[-*ﬁ!' 95 ’4($QPH'?P%TM99I et hyl
4- MeO- Ph- NHCO 89 n-CH, 3,4-CL-Ph-NHCO
90 n-C.H, 3,4-(OCH,-O)-Ph-
NHCO
91 n-CH, 4-(NO,)-Ph-NHCO
10 92 n-CH, 4-(CH,)-Ph-NHCO
93 2-(a-napthyDethyl Ph-(CH,)-CO
94 2-(c-napthylethyl H
95 2-(a-napthylethyl 4-MeO-Ph-NHCO
96 2-(x-papthyDethyl 1 3-CI-Ph-NHCO
15 97 2-(2,4,5-tribromo- H
phenyl)ethyl
98 2-(2,4,5-tribromo- -| 4-MeO-Ph-NHCO
phenyl)ethyl
99 2-(2,4,5-tribromo- 3-CIl-Ph-NHCO
phenyl)ethyl
100 2-propen-1-yl 4-MeO-Ph-NHCO
20 Example 17: Evaluation of the Biological Activity of the Compounds

Several of the compounds described above have been tested for their

affinity at rat A, and A,, and human A, receptors using the following assays.
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96 . .2-([err]-napthyl)ethyl 3-C -Ph-NHCO 15 97
2-(2,4,5-tribrom- +{_H pheqyl,) et hyl 98
2- (2, 4, 5-wo donietm- 4- MeO Ph- NHCO phenyl ) et hyl

99 2-(2,4,5-tri brono- 3- Cl - Ph- NHCO PCT/US99/21103
phenyl ) et hyl - 100 2- propen- 1-yl 4- MeO- Ph- NHCO

20 Exanpl e 17: Evaluation of the Biological Activity of the Conpounds
Several of the conpounds descri bed above have been tested for their

afin bty 2 5l QUG A, Riehbh ReB P HRAPALGRPPT 70 VoG the
00/ 15231

PCTI US99/ 21 103 . Rat Al errg and Alerr] Adenosine Receptor Binding
Assay Male\Wistar\mptst(300-230 €) wave deeapigjed andcthd axchal¢ braiandind t he

whol e brain ?’GEE . lLatum.di ssected on.ce. The tissues were di srupted
In a polytron dﬁ%ﬁ%ééﬁf‘ﬂéﬁ' ‘&e ss§%§ﬁeﬁ%d{§fup§quxrag % 25 vol umes of
50 mM TriS Habmopthizer at a séttthg ¢T3 foRi30 i FDveldds 6F SomiM TAYEICGIopEgenat e
was centrifuged at 48, 000 for 10 mn, and the pellet was resuspended

in the sane Kb rentainimg L9 mMMgCl,. The hamogenstowasconirifigediat 48900 t er 30

m n incubati G . i.f. and
pell ets wer e?‘g‘tg%’g‘z[gﬁ 4 &lﬁ)'f eeﬁr_erle]gvé.s ’?%gﬁ%ﬁgs%éeggﬁﬁﬂ%&g%ﬂgﬁ%uot of
honmogenat e Wald/mE adeteideicapiifise] A REGSIY/mdh iftubation attBRAC)eh&l buni n as
ref erence standﬁrd. Bi ndi ng assays were perfornmed on_rat brain and

striatum me anegsaugre eentyidnged and Eﬁll@t%)?véﬁeﬂ@@d@# -8’ GaPrigOY err ]
10 freezing, an aliquot of homogenate was removed for protein assay with
bovine albumin as reference standard. Binding assays were performed on rat
brain and striatum membranes respectively, in the presence of 10 mM MgCl,
at25°C. All buffer solutions were adjusted to maintain a constant pH of 7.4.

15 Displacement experiments were performed in 500 uL of Tris HC1 buffer
containing 1 nM of the selective adenosine A, receptbr ligand ["’H]CI-?A N¢-
cyclohexyladenosine) and membranes of rat brain ( 150-200 ug- of
protein/assay).

20 Displacement experiments were performed in 500 xL of Tris HCI buffer
containing 10 mM MgCl,, 0.2 nM of the selective adenosine A,, receptor
ligand "H]SCH58261 (5-amino-7-(2-phenylethyl)-2(2-furyl)-pyrazolo[4,3-
€]-1,2,4-triazolo[1,5-c]pyrimidine) and membranes of rat striatum (80-100
ug of protein/assay). To determine IC,, values (where IC,, is the inhibitor

25  concentration displacing 50% of labeled ligand) the test compound was
added in triplicate to binding assay samples at a minimum of six different
concentrations. Separation of bound from free radio ligand was performed
by rapid filtration through Whatman GF/B filters which were washed three
times with ice-cold buffer. Filter bound radioactivity was measured by

30  scintillation spectrometry after addition of 5 mL of Aquassure. Non specific
binding was defined as binding in the presence of 10 M R-PIA (N*-
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at 25C. All buffer solutions were adj usted to maintain a ¢onstant pH of .,
7.4. 15  wooolsgdll acenent experinments were perforned in 500 %Eifdsbwﬂfms

Tris HO buffer ™ containing 1 nMof the selective adenosin
receptor ligand [err]CHA (N err]- cycl ohexyl adenosi ne) and- nenbr anes
of rat brain ( 150-200 [err]g- of prot ei n/ assay) . 20

D spl acenent experinments were perforned in 500 [err]L of Tris HC buffer
cont ai ning 10 MG Y/
receptor I ga %gﬁ'{obypgﬁl%é%%égfkq%ﬁﬁ ﬁEbAG ﬁd%ﬂ%é&ﬁoﬂrﬁ%i

(5- ami no- 7- ( 2- phdebsihd)y tespedtidelyrand) way sleags 00% -the total binding.
el - 124tr|azolo[15c]pyr|md|ne) and nenbranes of rat {LL tumlgl - 100
[err]g of prot eilpgubstiop) m@@%rﬂéolf@{”e?’r? Q/&?Z%@“H\hié f Qs the

compound vas B RRREBE Vil nRgltc gk end sl gf’e??laﬁﬁ!ﬁtehest

assay sanples at
m ni mum of s§ X didrh Qli@Gheng—Pruso@éWidhatAEBﬁldlm Wermadrjzeﬂmg the om

o))

(@)

free radio |igand was perforned by r p|df||trat| hr ough What nan
GF/ B filters whinonlinesraegression curvesftting compyterprogranh LI | d buffer.

Filter bound radioactivity was neasured by 30 scintillation spectronetry
after addition of 5 nL of Aquassure. Non specific bi ndi ng was defi ned
as binding in tRuadsElmedX, Adeh6sink Rdeeptok Elﬁiﬂﬁigissays .

67 Wa 00/ 1231 / US 3
(phenyl i sopr opyl )adéﬁ@élﬂﬁ@')Ofémmaf[@r@]qw ﬂEPSQt?IB/mIO\g :égﬁ%cﬁ?gﬁ do)

adenosi ne es

| ncubat i 031 qme ra%fe&ﬁéd%’wgﬁ]ﬁf%maﬁr Wﬁaﬂeﬂss}gg hptta&%' u%%?%d ﬁor C“-
according to bmdxhgeaséag/éuﬁguefl shows ®typidal saturaion of ['EIPEBIMECAS(N|

val ues were cal cul at ed from the Cheng- Prusoff equation. g@# ? ndi ng

data were anal yAéwmigoriyiadebenzyl)-5'-Qdrmethylcarbampydadenasine) tQ BEK-2 :%

conput er progr am L Gﬁ“@bmo}g engznm%gntw]sg 9%;3& @ﬁﬁﬁf‘}??mgﬁ 2 ﬁﬁaﬁﬁﬂ%) from

Bi ndi ng Assays. ranes rotein
HEK- 293 cel |'s "1Qf 100720 &,@ta@wmﬁnidgeo Bmm"ﬁmmamsoma&srﬂﬁme

recept or vvas used for bi ndi.ng assays ure 1 shows i cal
satuPat i on [é}qfqung/EMMng; p]-lg74 20}./4L ofd1 utedmemgranes (laZ“/rPg of

el s, " mi bi 1 STOEMEID i & A SRR LORERRATIAAGE ohficdfaliedibhe
vol ume of r&@ébtbﬁiﬂdtéﬁﬁét]s.l- Noh-sperifié bindmgmms daﬁngd@n therpve§ence pASD VECA,
S0 nMIris HAL 4M R-PIA and was about 30% of total binding. Incubation time was 60 min
at 37°C, according to the results of previous time-course experiments.
20  Bound and free radioactivity was separated by filtering the assay mixture

through Whatman GF/B glass-fiber filters using a Brandel cell harvester. ( :

Results and Discussion
Compounds 34-59 were tested in radio ligand binding assays for affinity
25  atratbrain A,, A,, and human A, receptors, and the results are summarized

in Table 1.

The data demonstrate that compounds lacking bulky (compounds 38, 40
and 41) groups at N° position show great affinity for A,, adenosine receptors
30  with low selectivity vs. A, and low affinity at human adenosine A, receptor

subtype, and that compounds with a substituted phenyl carbamoyl chain at
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15 'b.uffer, 10 MM MyCl [err], pH 7.4,20 [err]L of diluted nenbranes (12.4

ng of ' protein/nLt), and at least 6-8 difffergn;, concentrations of

typi cal awaonowisis: ' recept or antagoni sts. Non-specific b ?‘q.l% )Q/?ﬁ,
defined in the presence of 50 [err]M R-PI A and was abou 76 O t30t al
bi ndi ng. I ncubation tinme was 60 mn at 37C, according to the results
of previous tine-course experinents. 20 Bound and free radi oactivity was
separated by filtering the assay m xture t hrough What mran G-/ B

gl ass-fiber fiheie Sp%sﬁﬁin%sQe@rafﬁﬁ?} ufﬂédorﬂgiﬁ’ﬁﬁ%e% ‘hA, receptor subtype

Results and Discuy ound were-tested in radio
| i gand bi ndi nglthﬁsﬁgrﬂnﬁdﬂgrﬁsfofmlcyuﬁﬁy vs.2A, angk Afrreceptéraublypgndnhuman A3

t d d Tab|
The. dat a denoReStrlet Tt e ByEmArRECRHaRI msiet SRrERHpga s 55870
and 41) gr OUpﬂ)%nf‘&@hfg’hepgﬁhﬁtyoﬂf%&wt&(eéé}de%?hﬁghitucié)maﬂméf:ﬂ- adenosi ne

receptors 30 with |ow selectrvity vs. Alerr] and | ow afflnlty at human
adenosi ned A3 qféwphmylcarbamoylsmbie}pé;ompnﬂndhéﬂ oapbi)ds with a substituted
phenyl carbanoyl chain at 68
WOOCO0/ 15231

PCT/ US99/ 21 103 The introductifs, dvitke NP pegﬁbﬁlmha&%sﬁﬁﬁdﬂefm istetid N nanonol ar
range at hA3 receptor: subtype ferent degrees of selectivity

vs. J[err] ¢h@wpm$hcs pbm:gapsatheldwgn of depuaﬂvm ovith highipetency at human
4-nmet h h b ds, 51, 57 f
7 gher a1 ni Ay SdtapRB traRRar At RGERIBV A Au e RentErepRE DS, ¢ °

chl or ophggyl car banoyl noi ety (conpounds 50, 54 and 56). The
introduction, at the N err] position, of chains with different steric
characteristics b@um 1 §ho\Neac§eerrq:orn¢urMeof PEDABRMER Ao adeptosing Ancy at
human I ecept tter selectivi.t err]receptor
Subtypes. 10 Teodbil SR B ngaaR! O wd BiattBi Horif iinsthis diSinvecit | e veca
to adenosi ne cﬁﬁexpenmeﬁﬁ?@&id!ﬁoﬁé‘@fﬂ@pﬂe&&ﬁébﬁl‘m?fe 4188 o LAAGIAR sitep| OT i N
the inset is indicative, in our experinental conditions, of the

presence of avith Kglvalug o£6.9¢ 051 mM apd Bmasvalue of 62 Hiqling prateinue of 0. 9
[err] POl&l\_/&)a\nd Bmax value of 62 [err] 1 fnol/ng protein 15 (n=3).
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The data demonstrates that small chain (C, ,) substituents at the 8-
position of the 5-[[substitﬁted phenyl)amino]carbonyl]jamino-8-(ar) alkyl-2-
(2—furyl)-pyrazolo[4,3#e] 1,2,4-triazolo[1,5-c]pyrimidine compounds

described herein, in particular, methyl, ethyl and propy!l groups, are preferred

over larger chains such as pentyl and hexyl groups.” In particular, compounds
45 and 47, the 8-methyl, 8-ethyl and 8-propyl, 5-(4-methoxyphenyl)
substituted compounds showed the highést affinity and selectivity, and,
indeed, are believed to have the highest affinity and selectivity for the human

adenosine A, receptor subfype (h A,) of any compounds ever synthesized.

The methyl, ethyl and propyl chains can be substituted with phenyl or
substituted phenyl groups and still show rather high affinity and selectivity
for the A, receptor subtype, but the affinity is reduced by a factor of between
10 and 100. However, the compound with a B-phenylethyl chain at N® and 4-
MeO-phenylcarbamoy! chain at the N° position (compound 55) showed a.

relatively good value in terms of affinity and selectivity (K;hA; = 1.47nM, = -

rA/hA, = 872, 1A, /hA, = 951).

Even with the relatively large pentyl groups present in compounds 50
and 51, the cdmpounds show a relatively high affinity for the A, receptor
subiype (81.10 and 29.57 nm, respectively), although the selectivity fallsby a
factor of about 10 to 100.

Previous studies demonstrated that the affinity of 5-amino-8-(ar) alkyl-
2-(2-furyl)-pyrazolo{4,3-e] 1,2,4-triazolo[1,5-c]pyrimidine compounds for
the adenosine A, receptor subtype tended to increase with the size of the
group at the 8 position. It appears that the opposite trend is true for affinity
of the compounds described herein for the A, receptor subtype. C;;
substituents appear to represent the ideal steric and lipophilic characteristics

for interaction with the A, receptor subtype.

72

PCT/US99/21103

C.



71 .. WD 00715231 , ' -

PcTI JSssl | 03 e The data denonstratessghat small chain [err]
substi t ueNODOAS23lhe 8- position of the 5-[[substitutedper/usgorz1ios
phenyl ) am no] car bonyl ] am no- 8- (ar) all kyl - 2- )
(2-furyl)-pyrazolo[4,3-e] 1,2,4-triazolo[1,5-c]pyrimdine conpounds

descri bed herein, in particular, nethyl, ethyl and propyl groups, are
preferred 5 over | arger chains such as pentyl and hexyl groups. In
particular, c . Bindi ,ﬁﬂ,q,, W enta 8- propyl ,
5-(4- met hoxyp%ggwgis-' Bmds“t}gg It utlgémcsorrpounEi(‘;Hshmh!cl)l\’/\‘fééli-i F‘ﬁ@ﬂrﬁ"g%st affinity

and sel ectivity, Asstes of bindihg egpetimeiite ware perfotnédomeariout hmbe gk st
affinity and selectivity for,the human | adenosi.ng A3 receptor subtype
(h Alerr]) of lings usisgPelupdhl e lABNMEOAs syishbunspeeific binding determigeddn 1y |

et hyl andgpro ' K ' ' bstituted
phenyl gr gupsmaér%g%?ﬁb??f gﬁgvl}/k ;ka?ﬁ‘gr% F]ngltli&gflﬂli %Qt §Rgﬂgh§§i’?&eﬁ\9 ﬂ@éj for
the A3 recept cell inds \Specifiubinting was deteinyined bysdbstedtily usspeeificor of bet ween
binding from total binding. The cell lines were the HL 60, NB4, SIEN-MC,
SKN-Be2C, SKN-SH and JURKAT cell lines. The results of the binding

experiments are shown below in Table 2.

10
| Table 2

Cell Lines Total - Unspecific | Specific Percent

Binding | Binding Binding | Specific

(cpm) Binding
HL 60 3484 2791 693 . {20
15 |NB4 3377 2740 ° 637 19
SKN-MC | 7528 6220 1308 17
SKN-Be2C | 6000 4585 1415 24
SKN-SH | 2671 2580 91 3
JURKAT | 7599 4753 2846 38

20

The results are shown in graphical form in Figure 2.

Jurkat cell lines appeafed to provide the best results of the cell lines
tested. A saturation experiment was performed using Jurkat cell lines at
25  37°C, with a one hour incubation period, using ['*I]-ABMECA (0.125-1.5
nM), with nonspecific binding measured using RPIA (50 uM). The Kd (nM)
was 4, and the Bmax (fmol/mg protein) was 290. The results are also shown

in Figure 2.

30 Another assay was performed to deterinine whether Al receptor were
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10 and 100. However, the conpound with a [err]-phenylethyl chain at Nerr] .
and 4- 15 I\/%&Pxesr}gl carbanoyl chain at the N err] position (conpound 55)*
showed a relattvely good value in terns of affinity and selpearisooryios
[err] = 1.47 nM [err]= 872, [err] = 951). Even with the
relatively | arge pentyl groups present in conpounds 50 20 and 51, the
conpounds show a relatively high affinity for the Alerr] receptor

subtype (81.10 and 29.57 nm_respectively), although t selectivity falls
by a f act or PigFerisy & disRlgcemént dgsay was performed 3¢9 ﬁqsdéog?wwn

denonstrated thatyf I et yarerf i QQ=.8-:far - .
2-(2-furyl)-pyr az‘g’frg?ﬁg; gfih%xgﬁzpﬁg?gzg%?%hg%]ag{t/%b?sé@g %‘rpv%lltjhnds for
t he adenosi ne A2 naspedific bindingy deteimtindd dsing R-PIAGSOMI)! Thehetabbizedigf t he
group at the 8 position. It appears that the oggosite trend is true for

affinity of Wah 83208 tha nensperifie bindane wes P97 ravd the spestfic bindmg,was
bt : it . teri q
T pophi 1 ¢ chir aclBHITIR’ AEBGnAIPE Benltah CRRGIRYr A Vindfig e’ 011 © 21
72

subt ype. observed. WO 001/ 5231
PCT/ US99/ 21103 Exanpl e 18: Bi ndi ng Experinents Wth a
Radi ol abel ed Conpound A series of. binding experinents were

perfornmed on vari Ousm"?@i“ﬁﬁh}eﬁg%ﬁ‘}’ﬁmg?Q&ﬁ%’-gsfép&eq‘f?‘ ﬁ}%}@ér] - ABMVECA,

wi t h unspeci fic binding deter resence o [err]MR-PI A '
or 200 [err] M NEQGharamterizatibn o€ A reseptorsin §dite human tambt céll lires. suthasi fi

T L LB o A . Al 5
and JURKAT cel | | lb{iﬁa%ér.xi;,?gl 1658 e sdibGivdl At ddist (CompERe ﬁbfﬁedib;sgll'igédg h

shown bel ow in Table
Cel | Lines  Tot dierein. Inthespstidiescmenfbpassi(0.5 mg pReteindmt) from Jurkat and

E:_ nglo ng BgszﬁEm cells v%ier%gig&gnated wxst}? Ei@'gig' different conceg@'a{iggsnzf co%in{)]glimn
102 ranging from 0.2 to 15 nM and 0.1 to 10 nM for Jurkat and HL60 cells,

15 respectively. Figure 3 shows a saturation curve of compound 102 bindingto
adenosine A, receptors in Jurkat cell membranes and the linearity of the
Scatchard plot in the inset is indicative of the presence fo a single class of
binding sites with a Kd value of 1.9 + 0.2 nM and B_,, value of 1.30 + 0.03
pmol/mg protein (n = 3). Figure 4 shows a saturation curve of compound

20 102 binding to adenosine A, receptors in HL60 membranes and the linearity
of the Scatchard plot in the inset is indicative of the presence of a single class L
of binding sites with a a Kd value of 1.2 = 0.1 nM and B,,,,, value of 626 + 42
fmol/mg protein (n = 3).

25 These results show that many cell lines contain relatively large numbers
of adenosine receptors. Because compound 102 is known to bind A,
receptors with a high affinity and selectivity, it is likely that thereis a

relatively large presence of A, receptors in tumor cells.
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15 - °NB4 @7 2740 637 19

SKN-MC  wo pof 6220 1308 N~ 17 SKN- Be2C
6000 585 1415 24 SKN- SH PCT/USPEI103
2580 _ .91 3 JURKAT 7599 4753

2846 38 .20 The results are shown in graphical formin
Fi gure 2. Jurkat cell lines appeared to provide the best
results of t : sat urati on experinment was

per f or med usrﬁﬁa@BL%ﬁrﬁﬂmW%aikﬁﬁ‘ma 4ons: 1 1C, with a one hour

i ncubati on perlod usi ng !err] ABMECA (0.125-1.5 "nM, wth

nonspeci fic ysternsifery 1000 patcb® [err] M. The Kd (nM was
4, and the Bmax (fm)I/rrg protein) was 290. The results are al so shown

in Figure 2. 30 Anot her assay was perfornmed to determ ne whet her
Al receptor were 73 WO

00/ 15231 -

PCTI US99/ 21103 . present Ingredientsacenent assay Waé%@ﬁbrlnsd at
O[err]Cfgr 150 rrirutés on Jurkat cells using [erf CPX, stpecific
Alerr] anfagonist (dEViGPmagund ~nonspecific bin &et er M ned usi ng
R-PIA (50 [err]M) } The total binding was 13208, jthe nonspegific

bi ndi ng was 2997, 4filicons fypdcific binding was 5  10201450g77%) .
Accordingly, a significant amount of Alerr] binding was obse¢rved.
The fol |l ow ng expeliCotioidal dilivonidiexideor the first tinme,j2de
characterization 03 A3 receptors.in sonme human tunor cell |ines syich as 10
HL60, a pronyel ocyti c human | eukaem a and Jurkat, a hunpn T-cell

| eukaem a, by using the new selective antagoni st (Conpound 102) descri bed.
her ei n. In t hese studies, nenbranes (0.5 ng protein/m) from Jurkat and

HL60 cel kg were cqta? erent concentrations of conpound
102 rangl ng frorrﬁ} ﬁ'ﬁ%{"‘ %/Pa%@)%%ﬁgfteo 10 nM for Jurkat and HL60 cells,

15 respectively. g 02
binding to agdlenosi ne A3 rqug{-anen‘sn Jurkat cell jregimeungs fnd the
linearity of the Scatcirard—prot—Tmrtte—Tmset—rs—TdrcatTve—Pf the
presence fo a si ngl| Adtivesempound 50g
Starch - - 50g
Magnesiuin Stearate 158
15

The active compound and the starch are granulated with water and dried.
Magnesium stearate is added to the dried granules and the mixture is
thoroughly blended. The blended mixture is compressed into tablets.

20
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binding sites with a Kd value of 1.9 [err] 0.2 nMand B[err] value of 1.30 -
[err] 0.03 00/ /mg protein (n = 3). Figure 4 shows & saturation curve -
of conpound y(? ; bi ndi ng to adenosi ne A3 receptors in HL60 PETHISINREL03
and the linearity of the Scatchard plot in the inset is indicative of
the presence of a single class of binding sites with a a Kd val ue of
1.2 [err] 0.1 nMand B[err] value of 626 [err] 42 frmol /ng protein (n

= 3). 25 These results show that .many cell lines contain relatively
| arge nunbers () InjsetioniefesdiOng, tmlepmpuies Because conpound 102 is known
to bind A3 receptors with a high affinity and selectivity, it is
: Inkt(:alu?/m'; hgtel ]tgfare I sla relati ¥§é%die%rtge presence of ‘N%gm{te; ipt ors
WO 00/ 15231. . PCT/ PS99/ 21
103 Exanpl ﬁfé{veﬁﬁg}p@gggut i cal Formul ations 10% A)
Transder mal System - tBor 1000, pat ches
| ngr edi ent s ' . | Buffering nt 5 Active f@fpound
100y ilicone fluid 450p
Col I'oi dal si?icon di ¢Frepylene glycol 29 10 400 O a
Tabl et - For 1000 Talpl ets '

Water for injection q-s.1000mL

The active compound and buffering agents are dissolved in the

propylene glycol at about 50°C. The water for injection is then added witﬁ

10  stirring and the resulting solution is filtered, filled into ampules, sealed and
sterilized by autoclaving.
(D) Continuous Injection - for 1_000 mL
Ingredients Amount
15 Active compound 10g
Buffering agents q.s.
Water for injection q.s.1000mL
20 Those skilled in the art will recognize, or be able to ascertain using no

more than routine experimentation, many equivalents to the specific
embodiments of the invention described herein. Such equivalents are

intended to be encompassed by the following claims.
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| ngredi.ents ; Anount Active corrpound

509 Star ch ~

Magnesi uffO0d 534t e 59 15 PC'"H'ﬁ?&H“Pve
conpound and the starch are granul ated with water and dried.

Magnesi um stearate is added to the dried granules and the nixture is

t horoughly bl ended. The bl ended m xture is conpressed into tablets. 20
75 WO 00/ 15231 .

PCTI / US9912Whasds claimedis: (c) Injection - for 1000, 1nL Anmpul es

| ngredients Anount Acti ve conpound
109 Buf feri ng Agents o g.s. 5
Propyl ene gl ycol 400ngy Wat er

for injection Hcémﬂ)@@&%f the following formula:

N NHR
10
° or
15
Ry
20
R
o

[T 7



The active conpound and buffering agents are dissolved in the

propyl ene glycol at about 50[err]C. The water for injection is then added+* -

with 10 stWOOPASR3ANd the resulting solution is filtered, fil lmsirundomiios

anmpul es, seal ed and sterilized by autoclaving. (D)
Conti nuous Injection - for 1000 nL '

I ngredi ents ' Amount 15 Active conpound

| Og Buf feri ng agents g.s.
Water for injection g.s. | OOOWL 20

Those skilled in the art will recognize, or be able to ascertain using no
more than routi newhgRaf:i mentati on, many equivalents to the specific
enbodi ments of the invention described herein. Such equival ents are

jnvended Lo b encorperfiubid Bl Gkl >
PCTITUS99/ 21103 p ;s LRIR,) SoEEAMRY,, - 800R, -C(X)SR,, -SO, R, -SO,OR, -
5 SO, SR, or SO,-NR,),; |
R, is hydrogen, alkyl, sui:sti_tuted alkyl, alkenyl, substituted alkenyl,
alkynyl, substituted alkynyl, aryl, heteroaryl, heterocyclic, lower
alkenyl, lower alkanoyl, ér, if linked to a nitrogen atom, then taken
together with the nitrogen atom, forms an azetidine ring or 2 5-6
10 membered heterocyclic ring containing one or more heteroatoms such as
N, O, S;
R? is hydrogen, alkyl, substituted alkyl, aralkyl, substituted aral_kyl,:E g
heteroaryl, substituted heteroaryl or aryl;

R? is furan, pyrrole, thiophene, benzofuran, benzypyrrole,

15  benzothiophene, optionally substituted with one or more substituents selected
from the group consisting of hydroxy, acyl, alkyl, alkoxy, alkenyl, alkynyl,
substituted alkyl, substituted alkoxy, substituted alkenyl, substituted alkynyl,
amino, substituted amino, aminoacyl, acyloxy, acylamino, alkaryl, aryl,
aryloxy, azido, carboxyl, carboxylalkyl, cyano, halo, nitro, heteroaryl,

20  heteroaryloxy, heterocyclic, heterocyclooxy, aminoacyloxy, oxyacylamino,
thioalkoxy, substituted thioalkoxy, thioaryloxy, thioheteroaryloxy, -SO-alkyl,
-SO-substituted alkyl, :SO-aryl, -SO-heteroaryl, -SO,-alkyl, -SOp-
substituted alkyl, -SO,-aryl, -SO,-heteroaryl, and trihalomethyl;

Xis O, S,or NR';
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1. A“c’orrpound of the . fgllow ng fornmula: 5
~ WO 00f 15231 et

[err] . or
PCTUS9921 1% 0015231 wher ei n: A is imdazol e, PEJEP82EI03,,
triazol e; Ris [err] 5 [err] Rlerr] is

hydr ogen, alkyl, substituted al kyl, al kenyl, substituted al kenyl,
al kynyl , substituted al kynyl, aryl, heteroaryl, heterocyclic, |ower

al kenyl , | ower alnkigrf%WZ;ax?J’ if linked to a nitrogen atom then taken

and pharmaceutically acceptable salts thereof.
2. The compound of claim 1 wherein R is selected from the group
consisting of ureas, amides, thioureas, thioamides, and sulfonamides.
5 3. The compound of claim 1 wherein R' is selected from the group
consisting of hydrogen, alkyl, alkenyl and aryl,
4. The compound of claim 1 whérein R?is selected from the group
consisting of hydrogen, alkyl, alkenyl and aryl.
5. The compound of claim 1 wherein R? is furan.
10 6. The compound of claim 1 wherein X is O.
7. The compound of claim 1 wherein A is a triazolo ring.
8. The compound of claim % wherein A is a pyrazolo ring.
9. A method <;f treating hypertension, inflammation, allergic reactions,
ﬁast_ cell degranulation, tumors and cardiac hypoxia, and protecting against
15 cerebral ischemia, comprising administering to a patient in need of treatment
thereof an effective amount of a conﬁpound of claim 1.
10. The method of claim 9 wherein R is selected from the group
consisting of ureas, amides, th_ioureas, thioamides, and sﬁlfonamides.
11. The method of claim 9 wherein R! is selected from the group
20  consisting of hydrogen, alkyl; alkenyl and aryl.
12. The method of claim 9 wherein R? is selected from the group
consisting of hydrogen, alkyl, alkenyl and aryl.
13. The method of claim 9 wherein X is O.

14. The method of claim 9 wherein A is a pyrazolo ring.

AL
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togéther with the nitrogen atom forns an azetidine ring or a 5-6 10
nmenber ed heteroca/cl Ic ring containing one or nore heteroatons such as * °°
N O S WOO0015231 1 err] is hydrogen, alkyl, substituted al KyPCT/ussstyds,
substituted aral kyl, het eroaryl, substituted heteroaryl or aryl;
Rlerr] is furan, pyrrole, thiophene, benzofuran, benzypyrrole, 15

benzot hi ophene, optionally substituted with one or nore substituents

sel ected fromthe group consisting of hydroxy, acyl, alkyl, alkoxy,
al kenyl , al kynyl, 15. Theuhethod of ethind % wheresmAsisiat tuiazeloaingoxy, substi t ut ed
al kenyl , substituted al kynyl, am no, substituted am no, am noacyl,
acyl oxy, acylam no, 3lekarhe metabd lof claim 9 whefeit the)diserderd b Rédiddds selected

car boxyl al kyl , cyano, halo, nitro, heteroaryl, 20 het er oaryl oxy,

het er ocyclic, het I ] : ] . .

thi oal koxy, _subst LPLEES SRS rRh R CaRtte hABAE K ShisBat ishemin,

- SO al kyl - substityted al kyl,, -SO aryl, -SO heteroaryl,
-sqerr]-al kyl, -Sq i 2 1A method }or%mwstwgﬁ e,°f-"§BPEF$1fS-‘g#1§$ possess
-Sg err]-heteroaryl, and trihal onethyl ; Xis O S orNRerr];
WO 00/ 15231. 5  ahigh concentration of adenosine A, receptors in a patient comprising:

PCT/ US99/ 21103 nis 1or 2; and and .

phar maceuti cal | y accepaddiristedihg so theepatieht a compound of claiin 1Tkick dichalesd of
claiml1l wherein Ris selected fromthe group consi sting of ureas,

am des, thiour easphbWAE ARde tﬁg%téi‘fc;fl%ﬂ% Qﬁﬁlin%ggthe compo%ndwﬁmf&”pound

of claim1l wherein Rerr] 1s se ted fromThe gr

cells,
b) allowing the compound to bind to the tumor cells;
10 c) detecting the label.
18. A method for determining the presence of tumor cells which possess
= ahigh concentration of adenosine A, receptors ina cell sample comprising:
a) preparix.1g a suspension of the cells in a cell culture media,
b) administering to the cells .a compou_nd of claim 1 which includes a
15  label which can be detected following binding of the compound to tumor
cells,
c) allowing the compound to bind to the tumor cells;
@) detecting the label.
19. A method for determining the presence of residual tumor cells
20  following surgical removal of a tumor, comprising:
a) administering to the patient, before, after or during surgical removal
of a tumor, a compound of claim 1 which includes a label which can be
detected following binding of the compound to residual tumor cells,

b) allowing the compound to bind to the residual tumor cells;

Ay 5




consi sting of hydrogen, alkyl, alkenyl and aryl. 4. The
conpound of claim1l Qreln Rlerr] is selected fromthe group

conS|st|n§, %Yg%ﬁfogeﬁ/ al kyl, alkenyl and aryl. 5. The
corpound P 1 wherein R[enﬂ is furan. 10 - 6. ThRCTHEAYSRIA of
claiml wherein X is O. 7. The conpound of claim1l wherein Ais
a triazolo ring. 8. The conpound of claim[err] wherein Ais a
pyrazol o ring. 9. A nethod of treating hypertension,

i nflammation, -all ergi c reactions, mast cell degranul ation, tunors
and cardi ac hypox) detecting thedabelt i ng against 15 cerebral ischenia,
conprising admnistering to a patient in need of treatnent t her eof
an effective anount of a conpound of cl.aim 1. 10. The met hod of
claim9 wherein Ris selected fromthe group consi sting of ureas,

am des, thioureas, thioam des, and sul fonam des. 11. The met hod
of claim9 wherein Rerr] is selected fromthe group 20 consi sting of
hydr ogen, al kyl, al kenyl and aryl. 12. The method of claim9
wherein R err] is selected fromthe group consi sting of hydrogen,

al kyl, al kenyl and aryl. 13. The method of claim9 wherein X is
0. 14. The nmethod of claim9 wherein Ais a pyrazolo ring.

WO 00/ 5231

PCTI US99/ 21103

o
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15. . The method of claim9 wherein Ais a triazolo ring. 16. The
nethod of claim9 wherein the disorder to be treated is sel ected

from t he group conS|sL4ng of cardi ac hypoxia andeeérebral |schen1a

17. A net W@ 0p@$238et er mi ni ng the presence of tunor cells whik ﬁ5§§%§g3 5
a high concentration of adenosine A3 receptors in a patient conprising:

a) admnistering to the patient a conpound of claim1 which includes a

| abel which can be detected foll ow ng binding of the conpound to tunor

cells, b) allow ng the conpound to bind to the tunor cells; 10
c) detecting the |abel. - 1¥¢ethod for .determ ning the
presence of tunor cells which. possess a high concentration of

adenosine A3 receptors in a cell sanple conprising: _ a) preparing
a suspension of the cells in ac cul ture nedia,

b a;szﬁvalwmzsgw@ﬁmﬁﬁmgmﬂmwgwwﬂm
5 bitect o oy FREREBTORY EXBUESSEN INHER I GRIT's

presence of I'ES ual tunor cel | owm ng surgical renova

tunor, conprising: a) admnistering to the patient, before,
after or during surgical renoval of a tunor, a conpound of claim1l
whi ch incl udes 80 afel which can be . detected fol | owi ng bindi ng of
the conpoung&to resijdual tunor cells, b) allow ng the conpound
to bind to.gpe reslcual tunor cells; 80 '

o
o
l

Kd=0.86 + 0.01 nM
Bmax=62 + 1 (mol/mg prot.)

H
o

[ 1251}-AB-MECA bound (fmol/mg prot

40
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