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PARTIAL AND FULL AGONSTS OF A1 
ADENOSINE RECEPTORS 

REFERENCE TO RELATED APPLICATIONS 

0001. This patent application is a continuation of U.S. 
patent application Ser. No. 1 1/510.550, filed Aug. 24, 2006, 
which is a continuation of U.S. patent application Ser. No. 
10/370,679, filed Feb. 19, 2003, now issued as U.S. Pat. No. 
7,144,871, issued Dec. 5, 2006, which claims the benefit 
under 35 U.S.C. 119(e) of U.S. Provisional Application Ser. 
No. 60/357,961, filed Feb. 19, 2002, the entire disclosures of 
which are hereby incorporated by reference. 

FIELD OF THE INVENTION 

0002 The present invention relates to novel compounds 
that are partial or full A adenosine receptor agonists, and to 
their use in treating mammals for various disease states, 
including cardiovascular diseases, in particular arrhythmia, 
and the prevention of sudden death resulting from arrhyth 
mia, ischemia, CNS disorders including pain, epilepsy, eme 
sis, and metabolic disorders including diabetes and obesity. 
The invention also relates to methods for their preparation, 
and to pharmaceutical compositions containing Such com 
pounds. 

BACKGROUND 

0003 Adenosine is a naturally occurring nucleoside, 
which exerts its biological effects by interacting with a family 
of adenosine receptors known as A, A, A, and A, all of 
which modulate important physiological processes. For 
example, A. adenosine receptors modulate coronary vasodi 
lation. A receptors have been implicated in mast cell acti 
Vation, asthma, Vasodilation, regulation of cell growth, intes 
tinal function, and modulation of neurosecretion (See 
Adenosine A Receptors as Therapeutic Targets, Drug Dev 
Res 45:198; Feoktistov et al., Trends Pharmacol Sci 19: 148 
153), and A. adenosine receptors modulate cell proliferation 
processes. 
0004 A. adenosine receptor agonists modulates the car 
diostimulatory effects of catecholamine (mediated via the 
inhibition of adenylate cyclase), and slows the heart rate (HR) 
and prolongs impulse propagation through the AV node, 
which is due in great part to activation of I. (B. Lerman 
and L. Belardinelli Circulation, Vol. 83 (1991), P 1499-1509 
and J. C. Shryock and L. Belardinelli The Am. J. Cardiology, 
Vol. 79 (1997)P2-10). Stimulation of the A adenosine recep 
tor shortens the duration and decreases the amplitude of the 
action potential of AV nodal cells, and hence prolongs the 
refractory period of the AV nodal cell. Thus, stimulation of A 
receptors provides a method of treating Supraventricular 
tachycardias, including termination of nodal re-entrant tachy 
cardias, and control of ventricular rate during atrial fibrilla 
tion and flutter. 
0005 A agonists are also useful for emesis, and for treat 
ing non-insulin-dependent diabetes mellitus, hyperglycemia, 
epilepsy (anticonvulsant activity), and provide cardio- and 
neuro-protection. They also have antilipolytic effects in adi 
pocytes leading to decreased release of free fatty acids. 
0006. Accordingly, it is an object of this invention to pro 
vide compounds that are potent full A adenosine receptor 
agonists or partial A receptoragonists with a halflife greater 
than that of adenosine. Preferred compounds of the invention 
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are selective for the A adenosine receptor, which minimizes 
undesired side effects related to stimulation orantagonism of 
the other adenosine receptors. 

SUMMARY OF THE INVENTION 

0007 Accordingly, in a first aspect, the invention relates to 
compounds of Formula J: 

Formula I 
NH-X-R 

N y 
--- N 

OR 
O 

'OR4 

wherein: 
I0008 R' is optionally substituted cycloalkyl, optionally 

substituted heterocyclyl, optionally substituted aryl, or 
optionally substituted heteroaryl; 

I0009 R is hydrogen, halo, trifluoromethyl, or cyano; 
10010 R is optionally substituted cycloalkyl, optionally 

substituted aryl: optionally substituted heteroaryl, or 
optionally substituted heterocyclyl: 

10011) R' and Rare independently hydrogen or optionally 
substituted acyl: 

0012 T and X are independently a covalent bond or alky 
lene of 1-3 carbon atoms optionally substituted by alkyl or 
cycloalkyl; 

0013 Y is —O— —NH —S , or a covalent bond; 
and 

0014 Z is alkylene of 1-3 carbon atoms, optionally sub 
stituted by lower alkyl or cycloalkyl. 

0015. A second aspect of this invention relates to pharma 
ceutical formulations, comprising a therapeutically effective 
amount of a compound of Formula I and at least one pharma 
ceutically acceptable excipient. 
0016. A third aspect of this invention relates to a method of 
using the compounds of Formula I in the treatment of a 
disease or condition in a mammal that can be usefully treated 
with a partial or full selective A adenosine receptor agonist. 
Such diseases include atrial fibrillation, supraventricular 
tachycardia and atrial flutter, congestive heart failure, includ 
ing Sudden death resulting from these conditions via the anti 
lipolytic action of the compounds, ischemia, including that 
due to stable and unstable angina, cardiac transplantation, 
myocardial infarction, disorders of the CNS including epi 
lepsy and stroke, emesis, and metabolic disorders, especially 
hyperlipidemia due to diabetes or obesity via the antilipolytic 
effect of A agonists on adipocytes. 

DEFINITIONS AND GENERAL PARAMETERS 

0017. As used in the present specification, the following 
words and phrases are generally intended to have the mean 
ings as set forth below, except to the extent that the context in 
which they are used indicates otherwise. 
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0018. The term “alkyl refers to a monoradical branched 
or unbranched saturated hydrocarbon chain having from 1 to 
20 carbon atoms. This term is exemplified by groups such as 
methyl, ethyl, n-propyl, iso-propyl. n-butyl, iso-butyl, t-butyl, 
n-hexyl, n-decyl, tetradecyl, and the like. 
0019. The term “substituted alkyl” refers to: 
0020 an alkyl group as defined above, having from 1 to 5 
substituents, preferably 1 to 3 substituents, selected from the 
group consisting of alkenyl, alkynyl, alkoxy, cycloalkyl, 
cycloalkenyl, acyl, acylamino, acyloxy, amino, aminocarbo 
nyl, alkoxycarbonylamino, azido, cyano, halogen, hydroxy, 
keto, thiocarbonyl, carboxy, carboxyalkyl, arylthio, het 
eroarylthio, heterocyclylthio, thiol, alkylthio, aryl, aryloxy, 
heteroaryl, aminosulfonyl, aminocarbonylamino, heteroary 
loxy, heterocyclyl, heterocyclooxy, hydroxyamino, 
alkoxyamino, nitro. —SO-alkyl, -SO-aryl, -SO-het 
eroaryl, -SO-alkyl, SO-aryl and —SO-heteroaryl. 
Unless otherwise constrained by the definition, all substitu 
ents may be optionally further substituted by alkyl, hydroxy, 
alkoxy, halogen, CF, amino, Substituted amino, cyano, or 
—S(O),R, in which R is alkyl, aryl, or heteroaryland n is 0, 
1 or 2; or 
0021 an alkyl group as defined above that is interrupted by 
1-5 atoms or groups independently chosen from oxygen, 
sulfur and —NR' , where R is chosen from hydrogen, 
alkyl, cycloalkyl, alkenyl, cycloalkenyl, alkynyl, aryl, het 
eroaryl and heterocyclyl. All substituents may be optionally 
further substituted by alkyl, hydroxy, alkoxy, halogen, CF 
amino, Substituted amino, cyano, or—S(O),R, in which R is 
alkyl, aryl, or heteroaryland n is 0, 1 or 2; or 
0022 an alkyl group as defined above that has both from 1 

to 5 substituents as defined above and is also interrupted by 
1-5 atoms or groups as defined above. 
0023 The term “lower alkyl refers to a monoradical 
branched or unbranched Saturated hydrocarbon chain having 
from 1 to 6 carbon atoms. This term is exemplified by groups 
Such as methyl, ethyl, n-propyl, iso-propyl. n-butyl, iso-butyl, 
t-butyl, n-hexyl, and the like. 
0024. The term “substituted lower alkyl refers to lower 
alkyl as defined above having 1 to 5 substituents, preferably 1 
to 3 substituents, as defined for substituted alkyl, or a lower 
alkyl group as defined above that is interrupted by 1-5 atoms 
as defined for Substituted alkyl, or a lower alkyl group as 
defined above that has both from 1 to 5 substituents as defined 
aboveand is also interrupted by 1-5 atoms as defined above. 
0025. The term “alkylene' refers to a diradical of a 
branched or unbranched saturated hydrocarbon chain, pref 
erably having from 1 to 20 carbon atoms, preferably 1-10 
carbonatoms, more preferably 1-6 carbonatoms. This term is 
exemplified by groups such as methylene (-CH ), ethyl 
ene (—CH2CH2—), the propylene isomers (e.g., 
—CHCHCH and —CH(CH)CH ) and the like. 
0026. The term “lower alkylene' refers to a diradical of a 
branched or unbranched saturated hydrocarbon chain, pref 
erably having from 1 to 6 carbon atoms. 
The term “substituted alkylene' refers to: 
0027 an alkylene group as defined above having from 1 to 
5 Substituents selected from the group consisting of alkyl, 
alkenyl, alkynyl, alkoxy, cycloalkyl, cycloalkenyl, acyl, acy 
lamino, acyloxy, amino, aminocarbonyl, alkoxycarbony 
lamino, azido, cyano, halogen, hydroxy, keto, thiocarbonyl, 
carboxy, carboxyalkyl, arylthio, heteroarylthio, heterocy 
clylthio, thiol, alkylthio, aryl, aryloxy, heteroaryl, aminosul 
fonyl, aminocarbonylamino, heteroaryloxy, heterocyclyl, 
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heterocyclooxy, hydroxyamino, alkoxyamino, nitro. —SO 
alkyl, -SO-aryl, -SO-heteroaryl, -SO-alkyl, SO-aryl 
and —SO-heteroaryl. Unless otherwise constrained by the 
definition, all substituents may be optionally further substi 
tuted by alkyl, hydroxy, alkoxy, halogen, CF, amino, Substi 
tuted amino, cyano, or—S(O),R, in which R is alkyl, aryl, or 
heteroaryl and n is 0, 1 or 2; or 
0028 an alkylene group as defined above that is inter 
rupted by 1-5 atoms or groups independently chosen from 
oxygen, Sulfur and NR. , where R is chosen from hydro 
gen, optionally Substituted alkyl, cycloalkyl, cycloalkenyl, 
aryl, heteroaryl and heterocycyl, or groups selected from 
carbonyl, carboxyester, carboxyamide and Sulfonyl; or an 
alkylene group as defined above that has both from 1 to 5 
substituents as defined above and is also interrupted by 1-20 
atoms as defined above. Examples of substituted alkylenes 
are chloromethylene (—CH(Cl)—), aminoethylene 
(—CHW)CH ), methylaminoethylene (-CH(NHMe) 
CH ), 2-carboxypropylene isomers( CH-CH(COH) 
CH ), ethoxyethyl ( CHCHO CHCH ), ethylm 
ethylaminoethyl ( CHCHN(CH)CHCH ),1-ethoxy 
2-(2-ethoxy-ethoxy)ethane ( CHCHO CHCH 
OCHCH, OCHCH ), and the like. 
0029. The term “aralkyl: refers to an aryl group covalently 
linked to an alkylene group, where aryl and alkylene are 
defined herein. “Optionally substituted aralkyl refers to an 
optionally Substituted aryl group covalently linked to an 
optionally Substituted alkylene group. Such aralkyl groups 
are exemplified by benzyl, phenylethyl, 3-(4-methoxyphe 
nyl)propyl, and the like. 
0030. The term “alkoxy” refers to the group R O , 
where R is optionally substituted alkyl or optionally substi 
tuted cycloalkyl, or R is a group —Y-Z, in which Y is option 
ally substituted alkylene and Z is; optionally substituted alk 
enyl, optionally substituted alkynyl; or optionally substituted 
cycloalkenyl, where alkyl, alkenyl, alkynyl, cycloalkyl and 
cycloalkenyl are as defined herein. Preferred alkoxy groups 
are alkyl-O- and include, by way of example, methoxy, 
ethoxy, n-propoxy, iso-propoxy, n-butoxy, tert-butoxy, sec 
butoxy, n-pentoxy, n-hexoxy, 1,2-dimethylbutoxy, and the 
like. 
0031. The term “alkylthio” refers to the group R-S , 
where R is as defined for alkoxy. 
0032. The term “alkenyl refers to a monoradical of a 
branched or unbranched unsaturated hydrocarbon group pref 
erably having from 2 to 20 carbonatoms, more preferably 2 to 
10 carbon atoms and even more preferably 2 to 6 carbon 
atoms and having 1-6, preferably 1, double bond (vinyl). 
Preferred alkenyl groups include ethenyl or vinyl 
(—CH=CH), 1-propylene or allyl F CH-CH=CH-), iso 
propylene 
0033 ( C(CH)—CH), bicyclo[2.2.1]heptene, and the 
like. In the event that alkenyl is attached to nitrogen, the 
double bond cannot be alpha to the nitrogen. 
0034. The term “lower alkenyl refers to alkenyl as 
defined above having from 2 to 6 carbon atoms. 
0035. The term “substituted alkenyl refers to an alkenyl 
group as defined above having from 1 to 5 substituents, and 
preferably 1 to 3 substituents, selected from the group con 
sisting of alkyl, alkenyl, alkynyl, alkoxy, cycloalkyl, 
cycloalkenyl, acyl, acylamino, acyloxy, amino, aminocarbo 
nyl, alkoxycarbonylamino, azido, cyano, halogen, hydroxy, 
keto, thiocarbonyl, carboxy, carboxyalkyl, arylthio, het 
eroarylthio, heterocyclylthio, thiol, alkylthio, aryl, aryloxy, 
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heteroaryl, aminosulfonyl, aminocarbonylamino, heteroary 
loxy, heterocyclyl, heterocyclooxy, hydroxyamino, 
alkoxyamino, nitro. —SO-alkyl, -SO-aryl, -SO-het 
eroaryl, -SO-alkyl, SO-aryl and —SO-heteroaryl. All 
substituents may be optionally further substituted by alkyl, 
hydroxy, alkoxy, halogen, CF, amino, Substituted amino, 
cyano, or —S(O),R, in which R is alkyl, aryl, or heteroaryl 
and n is 0, 1 or 2. 
0036. The term “alkynyl refers to a monoradical of an 
unsaturated hydrocarbon, preferably having from 2 to 20 
carbonatoms, more preferably 2 to 10 carbonatoms and even 
more preferably 2 to 6 carbonatoms and having at least 1 and 
preferably from 1-6 sites of acetylene (triple bond) unsatura 
tion. Preferred alkynyl groups include ethynyl, (—C=CH), 
propargyl (or propynyl, -C=CCH), and the like. In the 
event that alkynyl is attached to nitrogen, the triple bond 
cannot be alpha to the nitrogen. 
0037. The term “substituted alkynyl refers to an alkynyl 
group as defined above having from 1 to 5 substituents, and 
preferably 1 to 3 substituents, selected from the group con 
sisting of alkyl, alkenyl, alkynyl, alkoxy, cycloalkyl, 
cycloalkenyl, acyl, acylamino, acyloxy, amino, aminocarbo 
nyl, alkoxycarbonylamino, azido, cyano, halogen, hydroxy, 
keto, thiocarbonyl, carboxy, carboxyalkyl, arylthio, het 
eroarylthio, heterocyclylthio, thiol, alkylthio, aryl, aryloxy, 
heteroaryl, aminosulfonyl, aminocarbonylamino, heteroary 
loxy, heterocyclyl, heterocyclooxy, hydroxyamino, 
alkoxyamino, nitro. —SO-alkyl, -SO-aryl, -SO-het 
eroaryl, -SO-alkyl, SO-aryl and —SO-heteroaryl. All 
substituents may be optionally further substituted by alkyl, 
hydroxy, alkoxy, halogen, CF, amino, Substituted amino, 
cyano, or —S(O),R, in which R is alkyl, aryl, or heteroaryl 
and n is 0, 1 or 2. 
0038. The term “aminocarbonyl refers to the group 
—C(O)NRR where each R is independently hydrogen, alkyl, 
aryl, heteroaryl, heterocyclyl or where both R groups are 
joined to form a heterocyclic group (e.g., morpholino). All 
substituents may be optionally further substituted by alkyl, 
hydroxy, alkoxy, halogen, CF, amino, Substituted amino, 
cyano, or —S(O),R, in which R is alkyl, aryl, or heteroaryl 
and n is 0, 1 or 2. 
0039. The term “acylamino” refers to the group - NRC 
(O)R where each R is independently hydrogen, alkyl, aryl, 
heteroaryl, or heterocyclyl. All substituents may be option 
ally further Substituted by alkyl, hydroxy, alkoxy, halogen, 
CF, amino, Substituted amino, cyano, or—S(O),R, in which 
R is alkyl, aryl, or heteroaryl and n is 0, 1 or 2. The term 
“acyloxy” refers to the groups —O(O)C-alkyl, —O(O)C- 
cycloalkyl, —O(O)C-aryl, —O(O)C-heteroaryl, and—O(O) 
C-heterocyclyl. All substituents may be optionally further 
Substituted by alkyl, hydroxy, alkoxy, halogen, CFs, amino, 
Substituted amino, cyano, or —S(O),R, in which R is alkyl, 
aryl, or heteroaryland n is 0, 1 or 2. The term “aryl” refers to 
an aromatic carbocyclic group of 6 to 20 carbonatoms having 
a single ring (e.g., phenyl) or multiple rings (e.g., biphenyl), 
or multiple condensed (fused) rings (e.g., naphthyl or 
anthryl). Preferred aryls include phenyl, naphthyl and the 
like. 

0040. Unless otherwise constrained by the definition for 
the aryl Substituent, such aryl groups can optionally be Sub 
stituted with from 1 to 5 substituents, preferably 1 to 3 sub 
stituents, selected from the group consisting of alkyl, alkenyl, 
alkynyl, alkoxy, cycloalkyl, cycloalkenyl, acyl, acylamino, 
acyloxy, amino, aminocarbonyl, alkoxycarbonylamino, 
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azido, cyano, halogen, hydroxy, keto, thiocarbonyl, carboxy, 
carboxyalkyl, arylthio, heteroarylthio, heterocyclylthio. 
thiol, alkylthio, aryl, aryloxy, heteroaryl, aminosulfonyl, ami 
nocarbonylamino, heteroaryloxy, heterocyclyl, heterocy 
clooxy, hydroxyamino, alkoxyamino, nitro. —SO-alkyl, 
—SO-aryl, -SO-heteroaryl, -SO-alkyl, SO-aryl and 
—SO-heteroaryl. All substituents may be optionally further 
Substituted by alkyl, hydroxy, alkoxy, halogen, CFs, amino, 
Substituted amino, cyano, or —S(O),R, in which R is alkyl, 
aryl, or heteroaryland n is 0, 1 or 2. 
0041. The term “aryloxy' refers to the group aryl-O 
wherein the aryl group is as defined above, and includes 
optionally Substituted aryl groups as also defined above. The 
term “arylthio’ refers to the group R S , where R is as 
defined for aryl. 
0042 
0043. The term “substituted amino” refers to the group 
—NRR where each R is independently selected from the 
group consisting of hydrogen, alkyl, cycloalkyl, carboxyalkyl 
(for example, benzyloxycarbonyl), aryl, heteroaryl and het 
erocyclyl provided that both R groups are not hydrogen, or a 
group —Y-Z, in which Y is optionally substituted alkylene 
and Z is alkenyl, cycloalkenyl, or alkynyl, All Substituents 
may be optionally further substituted by alkyl, hydroxy, 
alkoxy, halogen, CF, amino, Substituted amino, cyano, or 
—S(O),R, in which R is alkyl, aryl, or heteroaryland n is 0. 
1 or 2. 

0044) The term “carboxyalkyl refers to the groups 
—C(O)C-alkyl, —C(O)O-cycloalkyl, where alkyl and 
cycloalkyl, are as defined herein, and may be optionally fur 
ther Substituted by alkyl, alkenyl, alkynyl, alkoxy, halogen, 
CF, amino, Substituted amino, cyano, or—S(O),R, in which 
R is alkyl, aryl, or heteroaryl and n is 0, 1 or 2. The term 
“cycloalkyl refers to cyclic alkyl groups of from 3 to 20 
carbon atoms having a single cyclic ring or multiple con 
densed rings. Such cycloalkyl groups include, by way of 
example, single ring structures such as cyclopropyl, cyclobu 
tyl, cyclopentyl, cyclohexyl, cyclooctyl, and the like, or mul 
tiple ring structures such as adamantanyl, and bicyclo2.2.1 
heptane, or cyclic alkyl groups to which is fused an aryl 
group, for example indan, and the like. 
0045. The term “substituted cycloalkyl” refers to 
cycloalkyl groups having from 1 to 5 substituents, and pref 
erably 1 to 3 Substituents, selected from the group consisting 
of alkyl, alkenyl, alkynyl, alkoxy, cycloalkyl, cycloalkenyl, 
acyl, acylamino, acyloxy, amino, aminocarbonyl, alkoxycar 
bonylamino, azido, cyano, halogen, hydroxy, keto, thiocar 
bonyl, carboxy, carboxyalkyl, arylthio, heteroarylthio, het 
erocyclylthio, thiol, alkylthio, aryl, aryloxy, heteroaryl, 
aminosulfonyl, aminocarbonylamino, heteroaryloxy, hetero 
cyclyl, heterocyclooxy, hydroxyamino, alkoxyamino, nitro, 
—SO-alkyl, -SO-aryl, -SO-heteroaryl, -SO-alkyl, 
SO-aryl and —SO-heteroaryl. All substituents may be 
optionally further substituted by alkyl, hydroxy, alkoxy, halo 
gen, CF, amino, Substituted amino, cyano, or S(O),R, in 
which R is alkyl, aryl, or heteroaryland n is 0, 1 or 2. 
0046. The term “halogen' or “halo” refers to fluoro, 
bromo, chloro, and iodo. 
0047. The term “acyl denotes a group—C(O)R, in which 
R is hydrogen, optionally Substituted alkyl, optionally Substi 
tuted cycloalkyl, optionally Substituted heterocyclyl, option 
ally substituted aryl, or optionally substituted heteroaryl. 

The term “amino” refers to the group —NH. 
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0048. The term "heteroaryl refers to an aromatic group 
(i.e., unsaturated) comprising 1 to 15 carbon atoms and 1 to 4 
heteroatoms selected from oxygen, nitrogen and Sulfur within 
at least one ring. 
0049. Unless otherwise constrained by the definition for 
the heteroaryl Substituent, such heteroaryl groups can be 
optionally substituted with 1 to 5 substituents, preferably 1 to 
3 Substituents selected from the group consisting of alkyl, 
alkenyl, alkynyl, alkoxy, cycloalkyl, cycloalkenyl, acyl, acy 
lamino, acyloxy, amino, aminocarbonyl, alkoxycarbony 
lamino, azido, cyano, halogen, hydroxy, keto, thiocarbonyl, 
carboxy, carboxyalkyl, arylthio, heteroarylthio, heterocy 
clylthio, thiol, alkylthio, aryl, aryloxy, heteroaryl, aminosul 
fonyl, aminocarbonylamino, heteroaryloxy, heterocyclyl, 
heterocyclooxy, hydroxyamino, alkoxyamino, nitro, -SO 
alkyl, -SO-aryl, -SO-heteroaryl, -SO-alkyl, SO-aryl 
and —SO-heteroaryl. All substituents may be optionally 
further substituted by alkyl, hydroxy, alkoxy, halogen, CF 
amino, Substituted amino, cyano, or—S(O),R, in which Ris 
alkyl, aryl, or heteroaryl and n is 0, 1 or 2. Such heteroaryl 
groups can have a single ring (e.g., pyridyl or furyl) or mul 
tiple condensed rings (e.g., indolizinyl, benzothiazole, or 
benzothienyl). Examples of heteroaryls include, but are not 
limited to, pyrrole, imidazole, pyrazole, pyridine, pyrazine, 
pyrimidine, pyridazine, indolizine, isoindole, indole, inda 
Zole, purine, quinolizine, isoquinoline, quinoline, phthala 
Zine, naphthylpyridine, quinoxaline, quinazoline, cinnoline, 
pteridine, carbazole, carboline, phenanthridine, acridine, 
phenanthroline, thiazole, isothiazole, phenazine, oxazole, 
isoxazole, phenoxazine, phenothiazine, imidazolidine, and 
imidazoline. 
0050. The term “heteroaryloxy” refers to the group het 
eroaryl-O . The term "heterocyclyl refers to a monoradical 
saturated or partially unsaturated group having a single ring 
or multiple condensed rings, having from 1 to 40 carbon 
atoms and from 1 to 10 hetero atoms, preferably 1 to 4 
heteroatoms, selected from nitrogen, Sulfur, phosphorus, and/ 
or oxygen within the ring. 
0051. Unless otherwise constrained by the definition for 
the heterocyclic Substituent, Such heterocyclic groups can be 
optionally substituted with 1 to 5, and preferably 1 to 3 
Substituents, selected from the group consisting of alkyl, alk 
enyl, alkynyl, alkoxy, cycloalkyl, cycloalkenyl, acyl, acy 
lamino, acyloxy, amino, aminocarbonyl, alkoxycarbony 
lamino, azido, cyano, halogen, hydroxy, keto, thiocarbonyl, 
carboxy, carboxyalkyl, arylthio, heteroarylthio, heterocy 
clylthio, thiol, alkylthio, aryl, aryloxy, heteroaryl, aminosul 
fonyl, aminocarbonylamino, heteroaryloxy, heterocyclyl, 
heterocyclooxy, hydroxyamino, alkoxyamino, nitro, -SO 
alkyl, -SO-aryl, -SO-heteroaryl, -SO-alkyl, SO-aryl 
and —SO-heteroaryl. All substituents may be optionally 
further substituted by alkyl, hydroxy, alkoxy, halogen, CF3, 
amino, Substituted amino, cyano, or—S(O),R, in which Ris 
alkyl, aryl, or heteroaryland n is 0, 1 or 2. Heterocyclic groups 
can have a single ring or multiple condensed rings. 
0052. The term “thiol” refers to the group -SH. 
0053. The term “substituted alkylthio” refers to the group 
—S-substituted alkyl. 
0054) The term “heteroarylthiol” refers to the group - S 
heteroaryl wherein the heteroaryl group is as defined above 
including optionally Substituted heteroaryl groups as also 
defined above. 

0055. The term “sulfoxide” refers to a group - S(O)R, in 
which R is alkyl, aryl, or heteroaryl. 
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0056 “Substituted sulfoxide” refers to a group - S(O)R, 
in which R is substituted alkyl, substituted aryl, or substituted 
heteroaryl, as defined her ein. 
0057 The term “sulfone” refers to a group –S(O).R, in 
which R is alkyl, aryl, or heteroaryl. 
0058 “Substituted sulfone' refers to agroup - S(O),R, in 
which R is substituted alkyl, substituted aryl, or substituted 
heteroaryl, as defined herein. 
0059. The term “keto” refers to a group - C(O)—. The 
term “thiocarbonyl refers to a group —C(S)—. The term 
“carboxy' refers to a group —C(O)—OH. 
0060 “Optional or “optionally’ means that the subse 
quently described event or circumstance may or may not 
occur, and that the description includes instances where said 
event or circumstance occurs and instances in which it does 
not. 

0061 The term “compound of Formula I is intended to 
encompass the compounds of the invention as disclosed, and 
the pharmaceutically acceptable salts, pharmaceutically 
acceptable esters, and polymorphs and prodrugs of Such com 
pounds. Additionally, the compounds of the invention may 
possess one or more asymmetric centers, and can be produced 
as a racemic mixture or as individual enantiomers or diaste 
reoisomers. The number of stereoisomers present in any 
given compound of Formula I depends upon the number of 
asymmetric centers present (there are 2" Stereoisomers pos 
sible where n is the number of asymmetric centers). The 
individual Stereoisomers may be obtained by resolving a race 
mic or non-racemic mixture of an intermediate at some 
appropriate stage of the synthesis, or by resolution of the 
compound of Formula I by conventional means. The indi 
vidual stereoisomers (including individual enantiomers and 
diastereoisomers) as well as racemic and non-racemic mix 
tures of stereoisomers are encompassed within the scope of 
the present invention, all of which are intended to be depicted 
by the structures of this specification unless otherwise spe 
cifically indicated. 
0062 “Isomers' are different compounds that have the 
same molecular formula. 

0063 “Stereoisomers' are isomers that differ only in the 
way the atoms are arranged in space. 
0064 “Enantiomers' are a pair of stereoisomers that are 
non-Superimposable mirror images of each other. A 1:1 mix 
ture of a pair of enantiomers is a “racemic mixture. The term 
“(t)' is used to designate a racemic mixture where appropri 
ate. 

0065 “Diastereoisomers' are stereoisomers that have at 
least two asymmetric atoms, but which are not mirror-images 
of each other. 
0066. The absolute stereochemistry is specified according 
to the Cahn-Ingold-Prelog R S system. When the com 
pound is a pure enantiomer the stereochemistry at each chiral 
carbon may be specified by either R or S. Resolved com 
pounds whose absolute configuration is unknown are desig 
nated (+) or (-) depending on the direction (dextro- or lae 
Vorotary) which they rotate the plane of polarized light at the 
wavelength of the sodium D line. 
0067. The term “therapeutically effective amount” refers 
to that amount of a compound of Formula I that is sufficient to 
effect treatment, as defined below, when administered to a 
mammal in need of such treatment. The therapeutically effec 
tive amount will vary depending upon the Subject and disease 
condition being treated, the weight and age of the Subject, the 
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severity of the disease condition, the manner of administra 
tion and the like, which can readily be determined by one of 
ordinary skill in the art. 
0068. The term “treatment' or “treating” means any treat 
ment of a disease in a mammal, including: 
0069 preventing the disease, that is, causing the clinical 
symptoms of the disease not to develop; 
0070 inhibiting the disease, that is, arresting the develop 
ment of clinical symptoms; and/or 
0071 relieving the disease, that is, causing the regression 
of clinical symptoms. 
0072. In many cases, the compounds of this invention are 
capable of forming acid and/or base salts by virtue of the 
presence of amino and/or carboxyl groups or groups similar 
thereto. The term “pharmaceutically acceptable salt” refers to 
salts that retain the biological effectiveness and properties of 
the compounds of Formula I, and which are not biologically 
or otherwise undesirable. Pharmaceutically acceptable base 
addition salts can be prepared from inorganic and organic 
bases. Salts derived from inorganic bases, include by way of 
example only, sodium, potassium, lithium, ammonium, cal 
cium and magnesium salts. Salts derived from organic bases 
include, but are not limited to, salts of primary, secondary and 
tertiary amines, such as alkylamines, dialkylamines, trialkyl 
amines, Substituted alkyl amines, di(Substituted alkyl) 
amines, tri(Substituted alkyl)amines, alkenyl amines, dialk 
enyl amines, trialkenyl amines, Substituted alkenyl amines, 
di(substituted alkenyl) amines, tri(substituted alkenyl) 
amines, cycloalkyl amines, di(cycloalkyl) amines, tri(cy 
cloalkyl) amines, substituted cycloalkyl amines, disubsti 
tuted cycloalkyl amine, trisubstituted cycloalkyl amines, 
cycloalkenyl amines, di(cycloalkenyl)amines, tri(cycloalk 
enyl)amines, Substituted cycloalkenyl amines, disubstituted 
cycloalkenyl amine, trisubstituted cycloalkenyl amines, aryl 
amines, diaryl amines, triaryl amines, heteroaryl amines, 
diheteroaryl amines, triheteroaryl amines, heterocyclic 
amines, diheterocyclic amines, triheterocyclic amines, mixed 
di- and tri-amines where at least two of the substituents on the 
amine are different and are selected from the group consisting 
of alkyl, substituted alkyl, alkenyl, substituted alkenyl, 
cycloalkyl, Substituted cycloalkyl, cycloalkenyl, Substituted 
cycloalkenyl, aryl, heteroaryl, heterocyclic, and the like. Also 
included are amines where the two or three substituents, 
together with the amino nitrogen, form a heterocyclic or 
heteroaryl group. 
0073 Specific examples of suitable amines include, by 
way of example only, isopropylamine, trimethyl amine, 
diethyl amine, tri(iso-propyl) amine, tri(n-propyl) amine, 
ethanolamine, 2-dimethylaminoethanol, tromethamine, 
lysine, arginine, histidine, caffeine, procaine, hydrabamine, 
choline, betaine, ethylenediamine, glucosamine, N-alkylglu 
camines, theobromine, purines, piperazine, piperidine, mor 
pholine, N-ethylpiperidine, and the like. 
0074 Pharmaceutically acceptable acid addition salts 
may be prepared from inorganic and organic acids. Salts 
derived from inorganic acids include hydrochloric acid, 
hydrobromic acid, Sulfuric acid, nitric acid, phosphoric acid, 
and the like. Salts derived from organic acids include acetic 
acid, propionic acid, glycolic acid, pyruvic acid, oxalic acid, 
malic acid, malonic acid. Succinic acid, maleic acid, fumaric 
acid, tartaric acid, citric acid, benzoic acid, cinnamic acid, 
mandelic acid, methanesulfonic acid, ethanesulfonic acid, 
p-toluene-Sulfonic acid, Salicylic acid, and the like. 
0075. As used herein, “pharmaceutically acceptable car 
rier includes any and all solvents, dispersion media, coat 
ings, antibacterial and antifungal agents, isotonic and absorp 
tion delaying agents and the like. The use of Such media and 
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agents for pharmaceutically active Substances is well known 
in the art. Except insofar as any conventional media or agent 
is incompatible with the active ingredient, its use in the thera 
peutic compositions is contemplated. Supplementary active 
ingredients can also be incorporated into the compositions. 
0076. As used herein, the term “agonist” refers to the 
ability of a compound to interact with a receptor and evokes a 
maximal effect. This effect is known as the intrinsic efficacy. 
Many full agonists of the adenosine A receptor are known to 
those skilled in the art, for example N'-cyclopentyladenosine 
(CPA). In contrast, “partial agonists' interact with adenosine 
A receptors but produce a less than maximal response. 
0077. The intrinsic efficacy of a compound may vary in 
different tissues. Thus, a compound may be a full agonist in a 
given tissue but a partial in others. The compounds identified 
by this invention have therapeutically useful affinities for the 
adenosine A receptor but have a range of intrinsic efficacies 
from full agonist to partial agonist. That is, Some compounds 
may have no effect with respect to a given effector system in 
a given cell type, but be a full agonist in another cell type 
and/or effector system. A partial agonist targeted to a selected 
target is likely to cause fewer side effects than a full agonist. 
For example, a partial A receptoragonist may have no affect 
on the heart, but be potent antilipolytic compounds. 
0078 Partial A agonists may have an added benefit for 
chronic therapy because they will be less likely to induce 
desensitization of the A receptor (R. B. Clark, B.J. Knoll, R. 
Barber TiPS, Vol. 20 (1999) p. 279-286) and to cause side 
effects. Chronic administration of a full agonist (R-N6 
phenylisopropyladenosine, R-PIA) for 7 days led to a desen 
sitization of the A receptor in terms of the dromotropic 
response in guinea pigs (note: a decrease in receptor number 
was observed D. M. Dennis, J. C. Shryock, L. Belardinelli 
JPET, Vol. 272 (1995) p. 1024-1035). The A agonist induced 
inhibitory effect on the production of cAMP by adenylate 
cyclase in adipocytes has been shown to desensitize upon 
chronic treatment with an A agonist as well (W. J. Parsons 
and G. L. J. Biol. Chem. Vol. 262 (1987) p. 841-847). 

Nomenclature 

007.9 The naming and numbering of the compounds of the 
invention is illustrated with a representative compound of 
Formula I in which R" is tetrahydrofuran-3-yl, R is hydro 
gen, R is 2-fluorophenyl, and Rand Rare both hydrogen: 

Cl 
NH 

6 7 
5 N1 N \ 

2 4. 4 N 9 

3 OH 

O 

'OH 
F O 
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which is named: (4S,2R.3R,5R)-2-(2-fluorophenoxym 
ethyl)-5-6-(tetrahydrofuran-3-ylamino)purin-9-yltetrahy 
drofuran-3,4-diol. 

Synthetic Reaction Parameters 
0080. The terms “solvent”, “inert organic solvent” or 
“inert solvent’ mean a solvent inert under the conditions of 
the reaction being described in conjunction therewith includ 
ing, for example, benzene, toluene, acetonitrile, tetrahydro 
furan (“THF), dimethylformamide (“DMF), chloroform, 
methylene chloride (or dichloromethane), diethyl ether, 
methanol, pyridine and the like. Unless specified to the con 
trary, the Solvents used in the reactions of the present inven 
tion are inert organic solvents. 
0081. The term “q.s.” means adding a quantity sufficient to 
achieve a stated function, e.g., to bring a solution to the 
desired volume (i.e., 100%). 

Synthesis of the Compounds of Formula I 

I0082. The compounds of Formula I where R is hydrogen 
may be prepared starting from compound of formula (1) as 
shown in Reaction Scheme I. 

REACTION SCHEME I 
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Formula I 

Step 1—Preparation of Formula (2) 

I0083. The starting compounds of formula (1) are commer 
cially available (for example, the compound of formula (1) in 
which R is hydrogen is available from Aldrich, Milwaukee), 
or are prepared by means well known to those in the art. The 
6-chloro moiety is displaced from the compound of formula 
(1) by reaction with a compound of formula RXNH, where 
X is a covalent bond or optionally substituted alkylene, in the 
presence of a base, preferably triethylamine. The reaction is 
carried out in an inert protic solvent, preferably ethanol, at a 
temperature of about reflux, for about 14–48 hours, preferably 
about 24 hours. When the reaction is substantially complete, 
the product of formula (2) is isolated by conventional means, 
for example by removal of the solvent under reduced pres 
Sure, followed by chromatography of the residue on silica gel. 

Step 2 Preparation of Formula 3) 
I0084. The compound of formula (3) is prepared conven 
tionally from the compound of formula (2) by reaction with 
2,2-dimethoxypropane in an inert solvent, preferably dimeth 
ylformamide, in the presence of a catalytic amount of an acid 
catalyst, preferably p-toluenesulfonic acid, at a temperature 
of about 40-90° C., preferably about 70° C., for about 24-72 
hours, preferably about 48 hours. When the reaction is sub 
stantially complete, the product of formula (3) is isolated by 
conventional means, for example removal of the solvent 
under reduced pressure and purifying the residue by chroma 
tography. 

Step 3 Preparation of Formula I 

I0085) To prepare a compound of Formula I where R is 
aryl or heteroaryl, T is a covalent bond, and Y is —O— or 
—S—, the compound of formula (3) is then reacted with a 
compound of formula 
I0086 R YH, where R is as defined above and Y is 
—O— or—S , in the presence of triphenylphosphine and a 
dialkylaZodicarboxylate, preferably diisopropylaZodicar 
boxylate, in an inert solvent, preferably an ether, more pref 
erably tetrahydrofuran. The reaction is conducted at a tem 
perature of about 40-100° C., preferably about 65° C., for 
about 24-100 hours, preferably about 72 hours. When the 
reaction is Substantially complete, the product, a compound 
of Formula I that is protected as an acetonide, is isolated by 
conventional means, for example removal of the solvent 
under reduced pressure and purifying the residue by column 
chromatography. 
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I0087 Preparation of a compound of Formula I in which R 
is cycloalkyl or heterocyclyl, or where R is aryl or heteroaryl 
and T is optionally substituted alkylene, and Y is —O— or 
—S , may be accomplished in the same manner as shown 
above. Alternatively, compounds of Formula I where Y is 
—O— may be prepared by reacting the compound of formula 
(3) with a compound of formula R-T-balo, where Risarylor 
heteroaryl and T is optionally substituted alkylene, or R is 
cycloalkyl or heterocyclyl and T is a covalent bond or option 
ally substituted alkylene, and halo is chloro, bromo, or iodo. 
The reaction is carried out in the presence of a strong base, 
preferably potassium butoxide, and the product isolated by 
conventional means. 

0088. The protected compound is then converted into a 
compound of Formula I by treatment with an acid, preferably 
an organic acid, for example acetic acid. The reaction is 
carried outina mixture of the acid and water, at about 50-100° 
C., preferably about 80-90° C., for about 10-48 hours, pref 
erably about 16 hours. When the reaction is substantially 
complete, the product of Formula I is isolated by conventional 
means, for example by removal of the solvent under reduced 
pressure, followed by chromatography of the residue on silica 
gel. It should be noted that steps 2 and 3 may be carried out in 
the reverse order. 

Preparation of a Compound of Formula I in which R is not 
Hydrogen 
I0089. Preparation of a compound of Formula I in which R 
is not hydrogen is shown in Reaction Scheme II. 

REACTION SCHEME II 
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Formula I 

Step 1 Preparation of Formula (6) 
0090 The compound of formula (4) is commercially 
available, or is prepared as described below. The compound 
of formula (5) is commercially available (Aldrich, Milwau 
kee). The compounds of formula (4) and (5) are reacted to 
give a compound of formula (6) by conventional means well 
known to those skilled in the art. 
(0091 Step 2 Preparation of Formula (7) 
0092. The 6-chloro moiety of the compound of formula 
(6) is then displaced by reaction with a compound of formula 
RXNH, where R' and Xare as defined above, in the presence 
of a base, preferably triethylamine. The reaction is carried out 
in an inert protic solvent, preferably ethanol, at a temperature 
of about reflux, for about 14-48 hours, preferably about 24 
hours. When the reaction is substantially complete, the prod 
uct of formula (7) is isolated by conventional means, for 
example by removal of the solvent under reduced pressure, 
followed by chromatography of the residue on silica gel. 
Step 3 Preparation of Formula (8) 
0093. The compound of formula (8) is prepared conven 
tionally from the compound of formula (7) by reaction with 
2,2-dimethoxypropane in an inert solvent, preferably dimeth 
ylformamide, in the presence of a catalytic amount of an acid 
catalyst, preferably p-toluenesulfonic acid, at a temperature 
of about 40-90° C., preferably about 70° C., for about 24-72 
hours, preferably about 48 hours. When the reaction is sub 
stantially complete, the product of formula (8) is isolated by 
conventional means, for example removal of the solvent 
under reduced pressure and purifying the residue by flash 
chromatography. 
Step 4 Preparation of Formula I 
0094. The compound of formula (8) is then converted to a 
compound of Formula I in the same manner as shown in 
Reaction Scheme I, step 3. 
0095. It should be noted that steps 2 and 3 may be carried 
out in the reverse order. 
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Starting Materials 

0096) Compounds of formula (4) in which R is not hydro 
gen may be prepared by methods well known in the art. For 
example, the preparation of a compound of formula (4) in 
which R is trifluoromethyl is prepared as shown in Reaction 
Scheme III. 

REACTION SCHEME III 
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(4) where R is trifluoromethyl 

0097. The preparation of a compound of formula (4) in 
which R is nitrile is prepared as shown in Reaction Scheme 
IV. 

REACTION SCHEME IV 
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Starting Material of Formula (c) 

0098. The starting material of Formula (c) is obtained 
commercially (Aldrich, Milwaukee). 

Preparation of a Compound in which Y is NH 

(0099. The synthesis of a compound of Formula I where Y 
is NH is shown in Reaction Scheme V below. 

(3) where R is hydrogen 
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Step 1—Preparation of Formula (9) 
0100. The compound of formula (9) is prepared conven 
tionally from the compound of formula (3), by reaction with 
methanesulfonyl chloride dissolved in an inert solvent for 1-3 
hours at about -10°C. to 20°C. The product of formula (9) is 
isolated by conventional means, and used in the next reaction 
without further purification. 

Step 2 Preparation of Formula (10). 
0101 The compound of formula (9) is converted to a com 
pound of formula (10) by reaction with sodium azide in an 
inert solvent, preferably dimethylformamide, heating to 55° 
C. to 75° C. for 12-20 hours. When the reaction is substan 
tially complete, the product of formula (10) is isolated by 
conventional means. 

Step 3 Preparation of Formula (11). 
0102 The azido derivative of formula (10) is reduced to 
the corresponding amine by catalytic reduction, preferably 
using 10% PD/C in ethanol under an atmosphere of hydrogen 
at room temperature for 12-20 hours. When the reaction is 
substantially complete, the product of formula (11) is isolated 
by conventional means. 

Step 4 Preparation of Formula (12). 
0103) The compound of formula (11) is converted to a 
compound of formula (12) in the same manner as shown in 
Reaction Scheme I, step 3. 
Step 5. Preparation of a Compound of Formula I where Y is 
NH 
0104. The compound of formula (12) is converted to a 
compound of Formula I in the same manner as shown in 
Reaction Scheme I, step 3. 

Utility, Testing and Administration 

General Utility 
0105. The compounds of Formula I are effective in the 
treatment of conditions known to respond to administration of 
a partial or full agonist of an A. adenosine receptor. Such 
conditions include, but are not limited to, acute and chronic 
disorders of heart rhythm, especially those diseases charac 
terized by rapid heart rate, in which the rate is driven by 
abnormalities in the sinoatrial, atria, and AV nodal tissues. 
Such disorders include, but are not limited to, atrial fibrilla 
tion, Supraventricular tachycardia and atrial flutter, conges 
tive heart failure and sudden death resulting from arrythmia, 
non-insulin-dependent diabetes mellitus, hyperglycemia, 
epilepsy (anticonvulsant activity), and cardio- and neuro 
protection. The A agonists of the invention also have antili 
polytic effects, leading to decreased release of nonesterified 
fatty acids 
0106 Accordingly, A adenosine agonists are useful in the 
treatment of acute and chronic disorders of heart rhythm, 
especially those diseases characterized by rapid heart rate, in 
which the rate is driven by abnormalities in the sinoatrial, 
atria, and AV nodal tissues. Such disorders include, but are not 
limited to, atrial fibrillation, supraventricular tachycardia and 
atrial flutter. Exposure to A agonists causes a reduction in the 
heart rate and a regularization of the abnormal rhythm, 
thereby improving cardiovascular function. 
0107 A agonists, through their ability to inhibit the 
effects of catecholamines, decrease cellular cAMP, and thus 



US 2009/0325896 A1 

have beneficial effects in the failing heart where increased 
sympathetic tone increases cellular cAMP levels. The latter 
condition has been shown to be associated with increased 
likelihood of ventricular arrhythmias and sudden death. See, 
for example, B. Lerman and L. Belardinelli Circulation, Vol. 
83 (1991), P 1499-1509 and J. C. Shryock and L. Belardinelli, 
Am. J. Cardiology, Vol. 79 (1997) P2-10. 
0108) A agonists, as a result of their inhibitory action on 
cyclic AMP generation, have antilipolytic effects in adipo 
cytes that leads to a decreased release of nonesterified fatty 
acids (NEFA) (E. A. van Schaicket al J. Pharmacokinetics 
and Biopharmaceutics, Vol. 25 (1997) p. 673-694 and P. 
Strong Clinical Science Vol. 84 (1993) p. 663-669). Non 
insulin-dependent diabetes mellitus (NIDDM) is character 
ized by an insulin resistance that results in hyperglycemia. 
Factors contributing to the observed hyperglycemia are a lack 
of normal glucose uptake and activation of skeletal muscle 
glycogen synthase (GS). Elevated levels of NEFA have been 
shown to inhibit insulin-stimulated glucose uptake and gly 
cogen synthesis (D. Thiebaud et al Metab. Clin. Exp. Vol. 31 
(1982) p. 1128-1136 and G. Boden etal J. Clin. Invest. Vol. 93 
(1994) p 2438-2446). The hypothesis of a glucose fatty acid 
cycle was proposed by P. J. Randle as early as 1963 (P. J. 
Randle et al Lancet (1963) p. 785-789). Thus, limiting the 
Supply of fatty acids to the peripheral tissues promotes car 
bohydrate utilization (P. Strong etal Clinical Science Vol. 84 
(1993) p. 663-669). 
0109 The benefit of an A agonist in central nervous dis 
orders has been reviewed (L.J. S. Knutsen and T. F. Murray In 
Purinergic Approaches in Experimental Therapeutics, Eds. 
K. A. Jacobson and M. F. Jarvis (1997) Wiley-Liss, N.Y., P 
423-470). Briefly, based on experimental models of epilepsy, 
a mixed A: A agonist, metrifudil, has been shown to be a 
potent anticonvulsant against seizures induced by the inverse 
benzodiazepine agonist methyl 6,7-dimethoxy-4-ethyl-beta 
carboline-3-carboxylate (DMCM, H. Klitgaard Eur. J. Phar 
macol. (1993) Vol. 224 p. 221-228). In other studies using 
CGS 21680, an A agonist, it was concluded that the anti 
convulsant activity was attributed to activation of the A 
receptor (G. Zhanget al. Eur. J. Pharmacol. Vol. 255 (1994) p. 
239-243). Furthermore, A adenosine selective agonists have 
been shown to have anticonvulsant activity in the DMCM 
model (L. J. S. Knutsen. In Adenosine and Adenne Nucle 
otides: From Molecular Biology to Integrative Physiology: 
eds. L. Belardinelli and A. Pelleg, Kluwer: Boston, 1995, pp 
479–487). A second area where an A. adenosine agonist has a 
benefit is in animal models of forebrainishemia as demon 
strated by Knutsen et al (J. Med. Chem. Vol. 42 (1999) p. 
3463-3477). The benefit in neuroprotection is believed to be 
in part due to the inhibition of the release of excitatory amino 
acids (ibid). 

Testing 

0110 Activity testing is conducted as described in those 
patents and literature citations referenced above, and in the 
Examples below, and by methods apparent to one skilled in 
the art. 

Pharmaceutical Compositions 

0111. The compounds of Formula I are usually adminis 
tered in the form of pharmaceutical compositions. This inven 
tion therefore provides pharmaceutical compositions that 
contain, as the active ingredient, one or more of the com 
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pounds of Formula I, or a pharmaceutically acceptable salt or 
ester thereof, and one or more pharmaceutically acceptable 
excipients, carriers, including inert Solid diluents and fillers, 
diluents, including sterile aqueous Solution and various 
organic solvents, permeation enhancers, solubilizers and 
adjuvants. The compounds of Formula I may be administered 
alone or in combination with other therapeutic agents. Such 
compositions are prepared in a manner well known in the 
pharmaceutical art (see, e.g., Remington's Pharmaceutical 
Sciences, Mace Publishing Co., Philadelphia, Pa. 17th Ed. 
(1985) and “Modern Pharmaceutics”, Marcel Dekker, Inc. 3' 
Ed. (G. S. Banker & C. T. Rhodes, Eds.). 

Administration 

0112 The compounds of Formula I may be administered 
in either single or multiple doses by any of the accepted 
modes of administration of agents having similar utilities, for 
example as described in those patents and patent applications 
incorporated by reference, including rectal, buccal, intranasal 
and transdermal routes, by intra-arterial injection, intrave 
nously, intraperitoneally, parenterally, intramuscularly, Sub 
cutaneously, orally, topically, as an inhalant, or via an impreg 
nated or coated device Such as a stent, for example, or an 
artery-inserted cylindrical polymer. 
0113. One mode for administration is parental, particu 
larly by injection. The forms in which the novel compositions 
of the present invention may be incorporated for administra 
tion by injection include aqueous or oil Suspensions, or emul 
sions, with sesame oil, corn oil, cottonseed oil, or peanut oil, 
as well as elixirs, mannitol, dextrose, or a sterile aqueous 
Solution, and similar pharmaceutical vehicles. Aqueous solu 
tions in saline are also conventionally used for injection, but 
less preferred in the context of the present invention. Ethanol, 
glycerol, propylene glycol, liquid polyethylene glycol, and 
the like (and suitable mixtures thereof), cyclodextrin deriva 
tives, and vegetable oils may also be employed. The proper 
fluidity can be maintained, for example, by the use of a 
coating, Such as lecithin, by the maintenance of the required 
particle size in the case of dispersion and by the use of Sur 
factants. The prevention of the action of microorganisms can 
be brought about by various antibacterial and antifungal 
agents, for example, parabens, chlorobutanol, phenol, Sorbic 
acid, thimerosal, and the like. 
0114 Sterile injectable solutions are prepared by incorpo 
rating the compound of Formula I in the required amount in 
the appropriate solvent with various other ingredients as enu 
merated above, as required, followed by filtered sterilization. 
Generally, dispersions are prepared by incorporating the vari 
ous sterilized active ingredients into a sterile vehicle which 
contains the basic dispersion medium and the required other 
ingredients from those enumerated above. In the case of ster 
ile powders for the preparation of sterile injectable solutions, 
the preferred methods of preparation are vacuum-drying and 
freeze-drying techniques which yield a powder of the active 
ingredient plus any additional desired ingredient from a pre 
viously sterile-filtered solution thereof. 
0115 Oral administration is another route for administra 
tion of the compounds of Formula I. Administration may be 
via capsule or enteric coated tablets, or the like. In making the 
pharmaceutical compositions that include at least one com 
pound of Formula I, the active ingredient is usually diluted by 
an excipient and/or enclosed within Such a carrier that can be 
in the form of a capsule, Sachet, paper or other container. 
When the excipient serves as a diluent, in can be a solid, 
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semi-solid, or liquid material (as above), which acts as a 
vehicle, carrier or medium for the active ingredient. Thus, the 
compositions can be in the form of tablets, pills, powders, 
lozenges, Sachets, cachets, elixirs, Suspensions, emulsions, 
Solutions, syrups, aerosols (as a Solid or in a liquid medium), 
ointments containing, for example, up to 10% by weight of 
the active compound, soft and hard gelatin capsules, sterile 
injectable solutions, and sterile packaged powders. 
0116. Some examples of suitable excipients include lac 

tose, dextrose. Sucrose, Sorbitol, mannitol, starches, gum aca 
cia, calcium phosphate, alginates, tragacanth, gelatin, cal 
cium silicate, microcrystalline cellulose, 
polyvinylpyrrolidone, cellulose, sterile water, syrup, and 
methyl cellulose. The formulations can additionally include: 
lubricating agents such as talc, magnesium Stearate, and min 
eral oil; wetting agents; emulsifying and Suspending agents; 
preserving agents such as methyl- and propylhydroxy-ben 
Zoates; Sweetening agents; and flavoring agents. 
0117 The compositions of the invention can be formu 
lated so as to provide quick, Sustained or delayed release of 
the active ingredient after administration to the patient by 
employing procedures known in the art. Controlled release 
drug delivery systems for oral administration include osmotic 
pump systems and dissolutional systems containing polymer 
coated reservoirs or drug-polymer matrix formulations. 
Examples of controlled release systems are given in U.S. Pat. 
Nos. 3,845,770; 4,326,525; 4,902514; and 5,616,345. 
Another formulation for use in the methods of the present 
invention employs transdermal delivery devices (“patches”). 
Such transdermal patches may be used to provide continuous 
or discontinuous infusion of the compounds of the present 
invention in controlled amounts. The construction and use of 
transdermal patches for the delivery of pharmaceutical agents 
is well known in the art. See, e.g., U.S. Pat. Nos. 5,023,252, 
4,992.445 and 5,001,139. Such patches may be constructed 
for continuous, pulsatile, or on demand delivery of pharma 
ceutical agents. 
0118. The compositions are preferably formulated in a 
unit dosage form. The term “unit dosage forms' refers to 
physically discrete units Suitable as unitary dosages for 
human Subjects and other mammals, each unit containing a 
predetermined quantity of active material calculated to pro 
duce the desired therapeutic effect, in association with a Suit 
able pharmaceutical excipient (e.g., a tablet, capsule, 
ampoule). The compounds of Formula I are effective over a 
wide dosage range and is generally administered in a phar 
maceutically effective amount. Preferably, for oral adminis 
tration, each dosage unit contains from 10 mg to 2 g of a 
compound of Formula I, more preferably from 10 to 700 mg. 
and for parenteral administration, preferably from 10 to 700 
mg of a compound of Formula I, more preferably about 
50-200 mg. It will be understood, however, that the amount of 
the compound of Formula I actually administered will be 
determined by a physician, in the light of the relevant circum 
stances, including the condition to be treated, the chosen 
route of administration, the actual compound administered 
and its relative activity, the age, weight, and response of the 
individual patient, the severity of the patient's symptoms, and 
the like. 
0119 For preparing solid compositions such as tablets, the 
principal active ingredient is mixed with a pharmaceutical 
excipient to form a solid preformulation composition con 
taining a homogeneous mixture of a compound of the present 
invention. When referring to these preformulation composi 
tions as homogeneous, it is meant that the active ingredient is 
dispersed evenly throughout the composition so that the com 
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position may be readily subdivided into equally effective unit 
dosage forms such as tablets, pills and capsules. 
0.120. The tablets or pills of the present invention may be 
coated or otherwise compounded to provide a dosage form 
affording the advantage of prolonged action, or to protect 
from the acid conditions of the stomach. For example, the 
tablet or pill can comprise an inner dosage and an outer 
dosage component, the latter being in the form of an envelope 
over the former. The two components can be separated by an 
enteric layer that serves to resist disintegration in the stomach 
and permit the inner component to pass intact into the duode 
num or to be delayed in release. A variety of materials can be 
used for Such enteric layers or coatings, such materials 
including a number of polymeric acids and mixtures of poly 
meric acids with Such materials as shellac, cetyl alcohol, and 
cellulose acetate. 
I0121 Compositions for inhalation or insufflation include 
Solutions and Suspensions in pharmaceutically acceptable, 
aqueous or organic solvents, or mixtures thereof, and pow 
ders. The liquid or Solid compositions may contain Suitable 
pharmaceutically acceptable excipients as described Supra. 
Preferably the compositions are administered by the oral or 
nasal respiratory route for local or systemic effect. Compo 
sitions in preferably pharmaceutically acceptable solvents 
may be nebulized by use of inert gases. Nebulized solutions 
may be inhaled directly from the nebulizing device or the 
nebulizing device may be attached to a face mask tent, or 
intermittent positive pressure breathing machine. Solution, 
Suspension, or powder compositions may be administered, 
preferably orally or nasally, from devices that deliver the 
formulation in an appropriate manner. 
0.122 The following examples are included to demon 
strate preferred embodiments of the invention. It should be 
appreciated by those of skill in the art that the techniques 
disclosed in the examples which follow represent techniques 
discovered by the inventor to function well in the practice of 
the invention, and thus can be considered to constitute pre 
ferred modes for its practice. However, those of skill in the art 
should, in light of the present disclosure, appreciate that many 
changes can be made in the specific embodiments which are 
disclosed and still obtain a like or similar result without 
departing from the spirit and scope of the invention. 

EXAMPLE 1. 

Preparation of a Compound of Formula (2) 
Preparation of a Compound of Formula (2) in which 
R" is 3-Tetrahydrofuranyl, R is Hydrogen, and X is 

a Covalent Bond 

(0123 
(2) 

O 

Ol. 

HO 
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I0124. The compound of formula (2) in which R" is 3-tet 
rahydrofuranyl, R is hydrogen, and X is a covalent bond, 
namely 2-hydroxymethyl-5-6-(tetrahydrofuran-3- 
ylamino)-purin-9-yl)-tetrahydrofuran-3,4-diol, is prepared 
as described in U.S. Pat. No. 5,789,416. For example: 
0.125. A mixture of 3-tetrahydrofuroic acid (3.5gm, 30 
mmol), diphenylphosphorylazide (6.82 ml, 32 mmol), tri 
ethylamine (5 ml, 36 mmol) in dioxane (35 ml) was stirred at 
room temperature for 20 minutes, then heated in a 100° C. oil 
bath under dry nitrogen for 2 hours. Benzyl alcohol (4.7 ml, 
45 mmol) was then added, and heating was continued at 100° 
C. for 22 hours. The mixture was cooled, filtered, and filtrate 
concentrated under reduced pressure. The residue was dis 
solved in 2N HCl and extracted twice with ethyl acetate. The 
extracts were combined and washed with water, then sodium 
bicarbonate, and finally brine, and dried over magnesium 
Sulfate. The product was concentrated under reduced pressure 
to an oil. The oil was chromatographed on silica gel, eluting 
with 30% to 60% ethyl acetate/hexanes, to give 3.4 g of 
N-benzyloxycarbonyl-3-aminotetrahydrofuran as an oil. 
0126 The N-benzyloxycarbonyl-3-aminotetrahydrofuran 
thus prepared (3.4 gm, 15 mmol) was dissolved in methanol 
(50 ml) and concentrated hydrochloric acid. Pd C (10%, 
300 mg) was added, and the mixture was hydrogenated at 1 
atmosphere for 18 hours at room temperature. The mixture 
was filtered through a pad of celite, and the filtrate concen 
trated under reduced pressure. The residue was co-evaporated 
twice with a mixture of ethyl acetate and methanol, and then 
recrystallized from a mixture of ethyl acetate and methanol to 
give 1.9 g of 3-aminotetrahydrofuran as a yellow solid. 
0127. If the starting 3-tetrahydrofuroic acid is chiral, then 
the product (3-aminotetrahydrofuran) is also chiral, i.e., the 
synthesis is stereospecific. 
0128. A mixture of 6-chloropurine riboside (0.5gm, 1.74 
mmol), 3-aminotetrahydrofuran (0.325 gm, 2.6 mmol) and 
triethylamine (0.73 ml, 5.22 mmol) in methanol (10 ml) was 
heated to 80° C. for 40 hours. The mixture was cooled and 
concentrated under reduced pressure. The residue was chro 
matographed on a short column of silica gel, eluting with 
methylene chloride/methanol/propylamine (90/10/1). The 
fractions containing the product were combined and concen 
trated under reduced pressure. The residue was chromato 
graphed on a chromatotron (2 mm plate, 92.5/7.5/1, methyl 
ene chloride/methanol/propylamine). The resulting white 
solid was recrystallized from methanol/ethyl acetate to give 
0.27 gm of (4S,2R,3R,5R)-2-hydroxymethyl-5-6-(tetrahy 
drofuran-3-ylamino)-purin-9-yl)-tetrahydrofuran-3,4-diol as 
white crystals (mp 128°C.-130° C.). 

Preparation of a Compound of Formula (2) in which 
R" is Cyclopentyl, R is Hydrogen, and X is a 

Covalent Bond 

0129. Similarly, following the above procedures, but 
replacing 3-aminotetrahydrofuran with cyclopentylamine, 
(4S,2R,3R,5R)-2-hydroxymethyl-5-6-(cyclopentylamino)- 
purin-9-yl)-tetrahydrofuran-3,4-diol was prepared. 
0130. Similarly, the following compounds of formula (2) 
were prepared were: 
0131 (4S,2R,3R,5R)-2-hydroxymethyl-5-6-(cyclohexy 
lamino)-purin-9-yl)-tetrahydrofuran-3,4-diol; 

0132 (4S,2R,3R,5R)-2-hydroxymethyl-5-6-(4-hy 
droxycyclohexylamino)-purin-9-yl)-tetrahydrofuran-3,4- 
diol; 
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(0.133 (4S,2R,3R,5R)-2-hydroxymethyl-5-6-(benzy 
lamino)-purin-9-yl)-tetrahydrofuran-3,4-diol; 

0.134 (4S,2R.3R,5R)-2-hydroxymethyl-5-6-(4-hy 
droxycyclohexylamino)-purin-9-yl)-tetrahydrofuran-3,4- 
diol; 

I0135 (4S,2R,3R,5R)-2-hydroxymethyl-5-6-(2-benzy 
loxycyclopentylamino)-purin-9-yl)-tetrahydrofuran-3,4- 
diol; 

(0.136 (4S,2R,3R,5R)-2-hydroxymethyl-5-6-(2-hy 
droxycyclopentylamino)-purin-9-yl)-tetrahydrofuran-3,4- 
diol; and 

0.137 (4S,2R,3R,5R)-2-6-({(3-chloro(2-thienyl)me 
thylpropylamino)purin-9-yl)-5-(hydroxymethyl)ox 
olane-3,4-diol. 

Preparation of Compounds of Formula (2) varying 
R", R, and X 

0.138 Similarly, following the procedures of Example 1A 
above, other compounds of formula (2) are prepared. 

EXAMPLE 2 

Preparation of a Compound of Formula (3) 

Preparation of a compound of Formula (3) in which 
R" is 3-Tetrahydrofuranyl, R is Hydrogen, and X is 

a Covalent Bond 

0.139 

(3) 

Ol 
NH 

N y 
1 

wO 

O X 
"no 

HO 

0140. To a solution of (4S,2R,3R,5R)-2-hydroxymethyl 
5-6-(tetrahydrofuran-3-ylamino)-purin-9-yl)-tetrahydrofu 
ran-3,4-diol, a compound of formula (2), (2.0 g. 6.0 mmol) 
and 2,2-dimethoxypropane (1.2g, 11.8 mmol) in dimethyl 
formamide (20 mL) was added p-toluenesulfonic acid (50 
mg, 0.26 mmol) at 70° C. After 48 hours at 70° C., the reaction 
was concentrated in vacuum to afford a solid. The solid was 
dissolved in methanol (3 mL), then triturated with ethyl ether 
(50 mL), to afford (4S,2R,3R,5R)-2-hydroxymethyl-5-6- 
(tetrahydrofuran-3-ylamino)-purin-9-yl)-tetrahydrofuran-3, 
4-diol acetonide. 

Preparation of a Compound of Formula (3) in which 
R" is Cyclopentyl, R is Hydrogen, and X is a 

Covalent Bond 

0141 Similarly, following the above procedure, but 
replacing 2-hydroxymethyl-5-6-(tetrahydrofuran-3- 
ylamino)-purin-9-yl)-tetrahydrofuran-3,4-diol with 2-hy 
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optionally replacing 2-fluorophenol with other compounds of 
formula R YH, other compounds of Formula I are 
obtained. 

EXAMPLE 4 

Preparation of a Compound of Formula (9) 
Preparation of a compound of Formula (9) in which 

R" is 3-Tetrahydrofuranyl 
0211 

(9) 

NH 

N y - N N 

wO 

O X 
'no. 

CHSOO 

Step 1-Preparation of Formula (9) 
0212 Methanesulfonyl chloride (0.477 mL; 4.77 mmol) 
was added dropwise to a solution of 2-hydroxymethyl-5-6- 
(tetrahydrofuran-3-yl)-purin-9-yl)-tetrahydrofuran-3,4-diol 
acetonide, a compound of formula (3) (1.5 g; 3.9 mmol) in dry 
pyridine (15 ml)cooled to 0°C. The reaction mixture was 
stirred for 3 hours at 0°C. The solvent was evaporated and the 
residue dissolved in ethyl acetate (50 mL), washed with 
water, dried with anhydrous MgSO4, and evaporated to give 
the compound of formula (9), (4S,2R.3R,5R)-2-hydroxym 
ethyl-5-6-(tetrahydrofuran-3-yl)-purin-9-yl)-tetrahydrofu 
ran-3,4-diol acetonide 2-methylsulfonate. 

EXAMPLE 5 

Preparation of a Compound of Formula (10) 
Preparation of a compound of Formula (10) in which 

R" is 3-Tetrahydrofuranyl 
0213 

(10) 

Cl 
NH 

N y 
sess 

AO 

O X 
"uo 

N 

0214 Sodium azide (300 mg; 4.6 mmol) was added to a 
solution of (4S,2R,3R,5R)-2-hydroxymethyl-5-6-(tetrahy 
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drofuran-3-yl)-purin-9-yl)-tetrahydrofuran-3,4-diol 
acetonide 2-methylsulfonate, a compound of formula (9) (1.4 
g: 3 mmol), in dry dimethylformamide (10 mL), and the 
mixture was heated at 65° C. for 16 hours. The solvent was 
evaporated and the residue was subjected to aqueous work up 
and purified by flash column (100% ethyl acetate) to produce 
(4S,2R,3R,5R)-2-azidomethyl-5-6-(tetrahydrofuran-3-yl)- 
purin-9-yl)-tetrahydrofuran-3,4-diol acetonide, a compound 
of formula (10). 

EXAMPLE 6 

Preparation of a Compound of Formula (11) 
Preparation of a compound of Formula (11) in which 

R" is 3-Tetrahydrofuranyl 
0215 

(11) 

Cl 
NH 

y - N N 

\\O 

O X 
"uo 

NH2 

0216) 10% Pd/C (100 mg) was added to a solution of 
(4S,2R,3R,5R)-2-azidomethyl-5-6-(tetrahydrofuran-3-yl)- 
purin-9-yl)-tetrahydrofuran-3,4-diol acetonide, a compound 
of formula (10) (314 mg), in ethanol (20 mL) and stirred 
under an atmosphere of hydrogen at room temperature for 16 
hours. The catalyst was removed by filtration, and the solvent 
evaporated from the filtrate to give (4S,2R.3R,5R)-2-ami 
nomethyl-5-6-(tetrahydrofuran-3-yl)-purin-9-yl)-tetrahy 
drofuran-3,4-diol acetonide, a compound of formula (11). 

EXAMPLE 7 

Preparation of a Compound of Formula (12) 
Preparation of a compound of Formula (12) in which 
R" is 3-Tetrahydrofuranyl. R is Benzoxazol-2-yl, 

and T is a Covalent Bond 

0217 
(12) 

NH 

N1N \ 
l 
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0218. To a solution of (4S,2R,3R,5R)-2-aminomethyl-5- 
6-(tetrahydrofuran-3-yl)-purin-9-yl)-tetrahydrofuran-3,4- 
diol acetonide, a compound of formula (11) (100 mg), in 
ethanol (5 mL) was added triethylamine and 2-chlorobenox 
azole, and the mixture was refluxed for 16 hours. The solvent 
was evaporated and the residue purified by preparative TLC 
(5% MeOR/DCM) to give (4S,2R,3R,5R)-2-(benzoxazol-2- 
ylaminomethyl)-5-6-(tetrahydrofuran-3-yl)-purin-9-yl)-tet 
rahydrofuran-3,4-diol acetonide, a compound of formula 
(12). 

EXAMPLE 8 

Preparation of a Compound of Formula I 

Preparation of a Compound of Formula I in which 
R" is 3-Tetrahydrofuranyl, R is Hydrogen, R is 
Benzoxazol-2-yl, Y is NH , T and X are both 

Covalent Bonds, and Z is Methylene 

0219) 

Formula I 

Kl 
NH 

y sess 
WOH 

O 
N A. 

X Voit of N 

0220. A solution of (4S,2R.3R,5R)-2-(benzoxazol-2- 
ylaminomethyl)-5-6-(tetrahydrofuran-3-yl)-purin-9-yl)-tet 
rahydrofuran-3,4-diol acetonide, a compound of formula 
(12), in 80% acetic acid in water (10 mL) was heated to 80°C. 
for 16 hours. Solvent was evaporated form the reaction prod 
uct and the residue was purified by preparative TLC (5%/ 
OMeOH/DCM) to give (4S,2R,3R,5R)-2-(benzoxazol-2- 
ylaminomethyl)-5-6-(tetrahydrofuran-3-yl)-purin-9-yl)- 
tetrahydrofuran-3,4-diol as a white foam. MS (M+1). 

Preparation of a Compound of Formula I in which 
R" is Cyclopentyl, R is Hydrogen, R is 

Pyrimidin-2-yl or 3-Metbvlisoxazol-5-yl, Y is 
—NH , T and X are both Covalent Bonds, and Z is 

Methylene 

0221) Similarly, following the procedures of Examples 4, 
5, 6, and 7, optionally replacing (4S,2R,3R,5R)-2-hydroxym 
ethyl-5-6-(tetrahydrofuran-3-ylamino)-purin-9-yl)-tetrahy 
drofuran-3,4-diol acetonide with other compounds of for 
mula (12), the following compounds of Formula I in whichY 
is —NH were prepared. 
0222 2-(pyrimidin-2-ylaminomethyl)-5-6-cyclopenty 
laminopurin-9-yl)-tetrahydrofuran-3,4-diol; and 
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0223 2-(3-methylisoxazol-5-ylaminomethyl)-5-6-cy 
clopentylaminopurin-9-yl)-tetrahydrofuran-3,4-diol. 

Preparation of a Compound of Formula I where Y is 
-NH , varying R', R. R. T. X, and Z 

0224 Similarly, following the procedure of Example 3A 
above, but replacing (4S,2R,3R,5R)-2-hydroxymethyl-O-(6- 
(tetrahydrofuran-3-ylamino)-purin-9-yl)-tetrahydrofuran-3, 
4-diol acetonide with other compounds of formula (12), other 
compounds of Formula I are obtained. 

EXAMPLE 9 

0225 Hard gelatin capsules containing the following 
ingredients are prepared: 

Quantity 
Ingredient (mg capsule) 

Active Ingredient 3O.O 
Starch 3OS.O 
Magnesium Stearate S.O 

0226. The above ingredients are mixed and filled into hard 
gelatin capsules. 

EXAMPLE 10 

0227. A tablet formula is prepared using the ingredients 
below: 

Quantity 
Ingredient (mg tablet) 

Active Ingredient 2S.O 
Cellulose, microcrystalline 2OO.O 
Colloidal silicon dioxide 1O.O 
Stearic acid S.O 

0228. The components are blended and compressed to 
form tablets. 

EXAMPLE 11 

0229. A dry powder inhaler formulation is prepared con 
taining the following components: 

Ingredient Weight% 

Active Ingredient 5 
Lactose 95 

0230. The active ingredient is mixed with the lactose and 
the mixture is added to a dry powder inhaling appliance. 

EXAMPLE 12 

0231 Tablets, each containing 30 mg of active ingredient, 
are prepared as follows: 

Quantity 
Ingredient (mg tablet) 

Active Ingredient 30.0 mg 
Starch 45.0 mg 
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-continued 

Quantity 
Ingredient (mg tablet) 

Microcrystalline cellulose 35.0 mg 
Polyvinylpyrrollidone 4.0 mg 
(as 10% solution in sterile water) 
Sodium carboxymethyl starch 4.5 mg 
Magnesium stearate 0.5 mg 
Talc 1.0 mg 

Total 120 mg 

0232. The active ingredient, starch and cellulose are 
passed through a No. 20 mesh U.S. sieve and mixed thor 
oughly. The solution of polyvinylpyrrolidone is mixed with 
the resultant powders, which are then passed through a 16 
mesh U.S. sieve. The granules so produced are dried at 50° C. 
to 60° C. and passed through a 16 mesh U.S. sieve. The 
Sodium carboxymethyl starch, magnesium Stearate, and talc, 
previously passed through a No. 30 mesh U.S. sieve, are then 
added to the granules which, after mixing, are compressed on 
a tablet machine to yield tablets each weighing 120 mg. 

EXAMPLE 13 

0233 Suppositories, each containing 25 mg of active 
ingredient are made as follows: 

Ingredient Amount 

Active Ingredient 25 mg 
Saturated fatty acid glycerides to 2,000 mg 

0234. The active ingredient is passed through a No. 60 
mesh U.S. sieve and suspended in the saturated fatty acid 
glycerides previously melted using the minimum heat neces 
sary. The mixture is then poured into a Suppository mold of 
nominal 2.0 g capacity and allowed to cool. 

EXAMPLE 1.4 

0235 Suspensions, each containing 50 mg of active ingre 
dient per 5.0 mL dose are made as follows: 

Ingredient Amount 

Active Ingredient 50.0 mg 
Xanthan gum 4.0 mg 
Sodium carboxymethyl cellulose (11%) 
Microcrystalline cellulose (89%) 50.0 mg 
Sucrose 1.75 g 
Sodium benzoate 10.0 mg 
Flavor and Color G.V. 
Purified water to 5.0 mL. 

0236. The active ingredient, Sucrose and Xanthan gum are 
blended, passed through a No. 10 mesh U.S. sieve, and then 
mixed with a previously made Solution of the microcrystal 
line cellulose and sodium carboxymethyl cellulose in water. 
The sodium benzoate, flavor, and color are diluted with some 
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of the water and added with stirring. Sufficient water is then 
added to produce the required Volume. 

EXAMPLE 1.5 

0237. A subcutaneous formulation may be prepared as 
follows: 

Ingredient Quantity 

Active Ingredient 5.0 mg 
Corn Oil 1.0 mL. 

EXAMPLE 16 

0238 An injectable preparation is prepared having the 
following composition: 

Ingredients Amount 

Active ingredient 2.0 mg/ml 
Mannitol, USP 50 mg/ml 
Gluconic acid, USP q.s. (pH 5-6) 
water (distilled, sterile) q.S. to 1.0 ml 
Nitrogen Gas, NF C.S. 

EXAMPLE 17 

0239. A topical preparation is prepared having the follow 
ing composition: 

Ingredients grams 

Active ingredient O.2-10 
Span 60 2.0 
Tween 60 2.0 
Mineral oil S.O 
Petrolatum O.10 
Methyl paraben O.15 
Propyl paraben O.OS 
BHA (butylated hydroxyanisole) O.O1 
Water q.S. to 100 

0240 All of the above ingredients, except water, are com 
bined and heated to 60) C with stirring. A sufficient quantity 
of water at 60) C is then added with vigorous stirring to 
emulsify the ingredients, and water then added q.S. 100 g. 

EXAMPLE 1.8 

0241 

Sustained Release Composition 

Weight Preferred Most 
Ingredient Range (%) Range (%) Preferred 

Active ingredient 50-95 70-90 75 
Microcrystalline cellulose (filler) 1-3S 5-15 10.6 
Methacrylic acid copolymer 1-3S S-12.5 1O.O 
Sodium hydroxide 0.1-1.0 O.2-0.6 0.4 
Hydroxypropyl methylcellulose O.S.-S.O 1-3 2.0 
Magnesium stearate O.S.-S.O 1-3 2.0 
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0242. The sustained release formulations of this invention 
are prepared as follows: compound and pH-dependent binder 
and any optional excipients are intimately mixed(dry 
blended). The dry-blended mixture is then granulated in the 
presence of an aqueous solution of a strong base which is 
sprayed into the blended powder. The granulate is dried, 
screened, mixed with optional lubricants (such as talc or 
magnesium Stearate), and compressed into tablets. Preferred 
aqueous solutions of strong bases are solutions of alkali metal 
hydroxides, such as Sodium or potassium hydroxide, prefer 
ably sodium hydroxide, in water (optionally containing up to 
25% of water-miscible solvents such as lower alcohols). 
0243 The resulting tablets may be coated with an optional 
film-forming agent, for identification, taste-masking pur 
poses and to improve ease of Swallowing. The film forming 
agent will typically be present in an amount ranging from 
between 2% and 4% of the tablet weight. Suitable film-form 
ing agents are well known to the art and include hydroxypro 
pyl. methylcellulose, cationic methacrylate copolymers 
(dimethylaminoethyl methacrylate/methyl-butyl methacry 
late copolymers—Eudragit(R) E. Röhm. Pharma), and the 
like. These film-forming agents may optionally contain colo 
rants, plasticizers, and other Supplemental ingredients. 
0244. The compressed tablets preferably have a hardness 
sufficient to withstand 8 Kp compression. The tablet size will 
depend primarily upon the amount of compound in the tablet. 
The tablets will include from 300 to 1100 mg of compound 
free base. Preferably, the tablets will include amounts of 
compound free base ranging from 400-600 mg, 650-850 mg, 
and 900-1100 mg. 
0245. In order to influence the dissolution rate, the time 
during which the compound containing powder is wet mixed 
is controlled. Preferably the total powder mix time, i.e. the 
time during which the powder is exposed to Sodium hydrox 
ide solution, will range from 1 to 10 minutes and preferably 
from 2 to 5 minutes. Following granulation, the particles are 
removed from the granulator and placed in a fluid bed dryer 
for drying at about 60° C. 

EXAMPLE 1.5 

Materials 

0246 The A-adenosine antagonists 8-cyclopentyl-1,3- 
dipropylxanthine (CPX) and 8-cyclopentyl-1,3-dimethylx 
anthine (CPT), the A-adenosine agonists N-cyclopentylad 
enosine (CPA), 2-chloro-N-cyclopentyladenosine (CCPA), 
and —Ne-cyclohexyladenosine (CHA), the adenosine 
deaminase inhibitor erythro-9-(2-hydroxy-3-nonyl)adenine 
(EHNA), the adenosine kinase inhibitor iodotubercidin, and 
forskolin were purchased from Research Biochemicals (Nat 
ick, Mass.). (5-6-(3R)oxolan-3-yl)amino purin-9-yl) 
(3S,2R-4R)-3,4-di-hydroxyoxolan-2-yl)-methoxy-N-meth 
ylcarboxamide, molecular weight 394.38, is a derivative of 
the selective A-adenosine receptor full agonist CVT-510 and 
was synthesized at CV. Therapeutics by co-authors J. A. 
Zablocki and V. Palle. Adenosine was purchased from Sigma 
Chemical (St. Louis, Mo.). The radioligand 8-cyclopentyl-1, 
3-dipropyl-2,3H(N)xanthine (HICPX) was purchased 
from New England Nuclear (Boston, Mass.). Concentrated 
stock solutions (10-100 mM) of CVT-2759, CPX, CPT, CPA, 
CCPA, CHA, and forskolin were dissolved in dimethylsul 
foxide, stored as aliquots at -80° C., and diluted in physi 
ological saline for use in experiments. The final content of 
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dimethylsulfoxide in Saline during experiments was not more 
than 0.1%. Adenosine and EHNA were dissolved in saline 
immediately before use. 

Binding Assays—DDT Cells 
Cell Culture 

0247 DDT cells (hamster vas deferens smooth muscle 
cell line) were grown as monolayers in petri dishes using 
Dulbecco's Modified Eagle's Medium (DMEM) containing 
2.5 Zg ml amphotericin B, 100 Uml penicillin G, 0.1 mg 
ml streptomycin sulfate and 5% fetal bovine serum in a 
humidified atmosphere of 95% air and 5% CO. Cells were 
subcultured twice weekly by dispersion in Hank's Balanced 
Salt Solution (HBSS) without the divalent cations and con 
taining 1 mM EDTA. The cells were then seeded in growth 
medium at a density of 1.2x10 cells per plate and experi 
ments were performed 4 days later at approximately one day 
preconfluence. 

Membrane Preparations 
0248 Cell layers were washed twice with HBSS (2x10 
ml), scraped free of the plate with the aid of a rubber police 
man in 5 ml of 50 mM Tris-HCl buffer pH 7.4 at 4°C. and the 
Suspension homogenized for 10 S. The homogenate was cen 
trifuged at 27,000xg for 10 min, resuspended in buffer, and 
centrifuged again, as described above. The protein content 
was determined with a Biorad Protein Assay Kit (Richmond, 
Calif.) using bovine serum albumin as standard. This mem 
brane suspension was stored dimethylsulfoxide (DMSO) in 
He buffer (10 mM HEPES, 1 uMEDTA at pH 7.4) and stored 
in liquid nitrogen at -80° C. 

Competitive Binding Assays: 
0249 Compounds of Formula I were assayed to determine 
their affinity for the A adenosine receptor sites on the mem 
branes of DDT cells. Briefly, 50-70 ug of membrane protein 
were incubated in a mixture containing 2 U/ml adenosine 
deaminase, 10 mM GTP-YS in 5 mM HE buffer containing 
5mMMgCl2 in glass tubes. Stock solutions of the compounds 
of the invention were serially diluted (10-'M to 10M) in 
HE buffer or HE buffer alone (control to determine non 
specific binding) and added to the incubation mixture. 
Finally, tritiated 8-cyclopentyladenosine (3H CPX) was 
added to a final concentration of 1.5 nM. After incubation at 
23°C.90 minutes, the reaction was stopped by filtration on a 
Brandel MR24 cell harvester and washing with ice-cold Tris 
EDTA buffer (three times, approximate volume 10 ml/wash) 
over Whatman GF/B filters (presoaked for 1 h in 0.3% poly 
ethylenimine to reduce non-specific binding). Filters were 
transferred to scintillation vials and 5 ml of Scintisafe (VWR. 
Brisbane, Calif.) was added. The amount of radioactivity 
retained on the filters was determined by liquid scintillation 
spectrometry. Protein determinations were by the method of 
Bradford (1976. Anal. Biochem. 72:248) using bovine serum 
albumin as the standard. Results are expressed as means of 
triplicates--SEM after subtracting amount of radioactivity 
due to non-specific binding. 

EXAMPLE 16 

SIGTPYS Binding Assays 
0250. The ability of agonists to activate G proteins was 
determined by using radiolabled GTP (SIGTPYS). Briefly, 
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membrane proteins (30-50 g/assay tube) were placed in 
glass tubes containing 50 mM Tris-HCl buffer pH 7.4, 5 mM 
MgCl, 100 mM. NaCl, 1 mM dithiothreitol, 0.2 units ml 
adenosine deaminase, 0.5% BSA, 1 mM EDTA, 10 mMGDP, 
and 0.3 nM SIGTPyS. Varying concentrations of the com 
pounds of the invention (putative A adenosine receptor ago 
nists), a known A. adenosine receptor full agonist N cyclo 
pentlyladenosine (CPA) or a control tube containing 10 uM 
GTPYS but no agonist (to determine nonspecific binding) 
were added to separate tubes. The assay tubes were incubated 
for 90 min at 37°C. Agonist stimulated binding was assessed 
by determining the difference between total binding in the 
presence of putative agonists and basal binding determined in 
the absence of CPA. Results were expressed as the percentage 
stimulation of the putative agonists relative to the full agonist 
CPA after Subtracting out non-specific binding. 

Guinea Pig Isolated Perfused Hearts 
0251 Guinea pigs (Hartley) of either sex weighing 300 
350 g were anaesthetized with methoxyflurane and killed by 
decapitation. The chest was cut open, and the heart was 
quickly removed and rinsed in ice-cold modified Krebs 
Henseleit (K-H) solution. The contents of the modified K-H 
solution were (in mM) 117.9 NaCl, 4.8 KC1, 2.5 CaCl, 1.18 
MgSO 1.2 KHPO, 0.5 Na. EDTA, 0.14 ascorbic acid, 5.5 
dextrose, 2.0 pyruvic acid (sodium salt), and 25 NaHCO. 
The K-H solution was continuously gassed with 95% 0-5% 
CO, and the pH was adjusted to a value of 7.4. To perfuse the 
heart by the Langendorff method, the transected aorta was 
slid onto a glass cannula and secured by a ligature. Retrograde 
perfusion of the aorta was initiated immediately at a constant 
flow of 10 ml/min with modified K-H solution warmed to 
36.0+0.5°C. A side port in the cannula was used to connect 
the perfusion line to a Gould pressure transducer for measure 
ment of coronary perfusion pressure. Coronary perfusion 
pressure was continuously recorded on a strip chart (Gould 
RS3400, Cleveland, Ohio) throughout each experiment. 
Coronary conductance (in milmin-' mmHg-1) was calculated 
as the ratio of coronary flow (10 ml/min) to perfusion pressure 
(in mmHg). To facilitate the exit of fluid from the left ven 
tricle, the leaflets of the mitral valve were trimmed with fine 
spring-handled Scissors. When appropriate, hearts were 
paced at a constant rate using external electrodes. After 
completion of dissection and instrumentation, stimulus-to 
His bundle (S-H) interval and coronary perfusion pressure 
was monitored continuously, each heart was allowed to 
equilibrate for 20-40 min before the administration of drug. 
Experimental interventions were always preceded and fol 
lowed by control measurements. Criteria for the exclusion of 
hearts from the study were 1)a coronary perfusion pressure of 
<50 mmHg. 2) absence of a stable coronary perfusion pres 
Sure during the equilibration period, and 3) inability to pace a 
heart at a constant rate throughout an experiment. 
0252 For electrical pacing of hearts, a bipolar Teflon 
coated electrode was placed in the wall of the intra-atrial 
septum. Parts of the left and right atrial tissues, including the 
region of the sinoatrial node, were removed, both to decrease 
the spontaneous heart rate and to expose theatrial septum for 
electrode placement. Hearts were electrically paced at a fixed 
rate of 3.2 HZ. Stimuli were provided by an interval generator 
(model 1830, WPI, Sarasota, Fla.) and delivered through a 
stimulus isolation unit (model 1880, WPI) as square wave 
pulses of 3 ms in duration and at least twice the threshold 
intensity. 
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(0253) S-H interval. Prolongation of the S-H interval was 
used as a measure of the negative dromotropic effect of 
A-adenosine agonists on AV nodal conduction. The H is 
bundle electrogram was recorded from a unipolar electrode 
placed in the right side of the interatrial septum adjacent to the 
AV junction. The signal was displayed continuously in real 
time on an oscilloscope screen at a Sweep rate of 10 ms/cm. 
The duration of time from the first pacing artifact to the 
maximum upward deflection of the H is bundle signal was 
used as the S-H interval. 
0254 Hearts were equilibrated until the S-H interval and 
CPP remained constant. Drug was used to the perfused line in 
a final concentration of 0.3, 3, 10 and in some heart up to 30 
LM. If the second degree AV block happened at any concen 
tration before 30 uM, the drug was withdraw to washout. 
Afterwashout the first compound, the second compound only 
could be used in a same heart unless the SH interval and CPP 
came back to the control or S-H interval prolonged less than 
2 ms compared to the control. Up to three compounds could 
be used in a same heart. 
(0255 While the present invention has been described with 
reference to the specific embodiments thereof, it should be 
understood by those skilled in the art that various changes 
may be made and equivalents may be substituted without 
departing from the true spirit and scope of the invention. In 
addition, many modifications may be made to adapt a par 
ticular situation, material, composition of matter, process, 
process step or steps, to the objective, spirit and scope of the 
present invention. All such modifications are intended to be 
within the scope of the claims appended hereto. All patents 
and publications cited above are hereby incorporated by ref 
CCC. 

What is claimed is: 
1. A compound of Formula I: 

Formula I 
NH-X-R 

N y 
--- N 

OR 
O 

'OR4 

wherein: 
R" is cycloalkyl or heterocyclyl: 
R’ is hydrogen; 
R is phenyl optionally substituted by halo, lower alkyl of 

1-4 carbon atoms, or lower alkoxy of 1-4 carbon atoms, 
or R is heteroaryl optionally substituted by halo, lower 
alkyl of 1-4 carbon atoms, lower alkoxy of 1-4 carbon 
atoms, or phenyl optionally substituted by halo, lower 
alkyl of 1-4 carbonatoms, or lower alkoxy of 1-4 carbon 
atoms; 

R" and Rare independently hydrogen or acyl: 
T and X are independently a covalent bond or alkylene of 

1-3 carbon atoms; 
Y is —S–; and 
Z is alkylene of 1-3 carbon atoms. 
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2. The compound of claim 1, wherein Rand Rare hydro 
gen. 

3. The compound of claim 2, wherein R' is cycloalkyland 
X and T are both covalent bonds. 

4. The compound of claim3, wherein R' is cyclopentyland 
Z is methylene. 

5. The compound of claim 4, wherein R is phenyl option 
ally substituted by halo, lower alkyl of 1-4 carbon atoms, or 
lower alkoxy of 1-4 carbon atoms. 

6. The compound of claim 5, wherein R is heteroaryl 
optionally substituted by halo, lower alkyl of 1-4 carbon 
atoms, lower alkoxy of 1-4 carbon atoms, or phenyl option 
ally substituted by halo, lower alkyl of 1-4 carbon atoms, or 
lower alkoxy of 1-4 carbon atoms. 

7. The compound of claim 6, wherein R is 3-(2-chlorophe 
nyl)isoxazol-5-yl, namely (4S,2R,3R,5R)-2-(3-(2-chlo 
rophenyl)isoxazol-5-ylthio)methyl-2-6-(cyclopenty 
lamino)-purin-9-yltetrahydrofuran-3,4-diol. 

8. The compound of claim 6, wherein R is 3-(4-chlorophe 
nyl)isoxazol-5-yl, namely (4S,2R,3R,5R)-2-(3-(4-chlo 
rophenyl)isoxazol-5-ylthiomethyl-2-6-(cyclopenty 
lamino)-purin-9-yltetrahydrofuran-3,4-diol. 

9. The compound of claim 6, wherein R is 3-(4-methox 
yphenyl)isoxazol-5-yl, namely (4S,2R,3R,5R)-2-(3-(4- 
methoxyphenyl)isoxazol-5-ylthio)methyl-2-6-(cyclopen 
tylamino)-purin-9-yltetrahydrofuran-3,4-diol. 

10. The compound of claim 6, wherein R is 5-methylisox 
azol-5-yl, namely (4S,2R,3R,5R)-2-(5-methylisoxazol-3- 
ylthio)methyl-2-6-cyclopentylamino)purin-9-yltetrahy 
drofuran-3,4-diol. 

11. The compound of claim 6, wherein R is 3-phenylisox 
azol-3-yl, namely (4S,2R,3R,5R)-2-(3-phenylisoxazol-5- 
ylthio)methyl-2-6-cyclopentylamino)purin-9-yltetrahy 
drofuran-3,4-diol. 

12. The compound of claim 6, wherein R is 1,2,4-oxadia 
Zol-3-yl, namely (4S,2R,3R,5R)-2-1,2,4-oxadiazol-3- 
ylthio)methyl-5-6-(cyclopentylamino)-purin-9-yltetrahy 
drofuran-3,4-diol. 

13. The compound of claim 6, wherein R is 5-t-butyl-1,2, 
4-oxadiazol-3-yl, namely (4S,2R,3R,5R)-2-5-t-butyl-1,2,4- 
oxadiazol-3-ylthio)methyl-5-6-(cyclopentylamino)-purin 
9-yltetrahydrofuran-3,4-diol 

14. The compound of claim3, wherein R' is tetrahydrofu 
ran-3-yl and Z is methylene. 

15. The compound of claim 14, wherein R is 3,5-dimeth 
ylisoxazol-4-yl, namely (4S,2R.3R,5R)-2-(3,5-dimethyl 
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isoxazol-4-ylthio)methyl-2-6-(tetrahydrofuran-3-ylamino) 
purin-9-yltetrahydrofuran-3,4-diol. 

16. The compound of claim 14, wherein R is 5-methyl 
isoxazol-3-yl, namely (4S,2R,3R,5R)-2-(5-methylisoxazol 
3-ylthiomethyl-2-6-(tetrahydrofuran-3-ylamino)purin-9- 
yltetrahydrofuran-3,4-diol. 

17. The compound of claim 14, wherein R is 3-phenyl 
isoxazol-5-yl, namely (4S,2R.3R,5R)-2-(3-phenylisoxazol 
5-ylthio)methyl-2-6-(tetrahydrofuran-3-ylamino)purin-9- 
yltetrahydrofuran-3,4-diol. 

18. The compound of claim 14, wherein R is 3-(4-meth 
oxyphenyl)isoxazol-5-yl, namely (4S,2R,3R,5R)-2-(3-(4- 
methoxyphenyl)isoxazol-5-ylthio)methyl-2-6-(tetrahydro 
furan-3-ylamino)-purin-9-yltetrahydrofuran-3,4-diol. 

19. The compound of claim 14, wherein R is 3-(4-chlo 
rophenyl)isoxazol-5-yl, namely (4S,2R,3R,5R)-2-(3-(4- 
chlorophenyl)isoxazol-5-ylthio)methyl-2-6-(tetrahydrofu 
ran-3-ylamino)-purin-9-yltetrahydrofuran-3,4-diol. 

20. The compound of claim 14, wherein R is 5-t-butyl-1, 
2,4-oxadiazol-3-yl, namely (4S,2R,3R,5R)-2-(5-t-butyl-1, 
2,4-oxadiazol-3-ylmethylthio)methyl-5-6-((tetrahydrofu 
ran-3-yl amino)purin-9-yltetrahydrofuran-3,4-diol. 

21. The compound of claim 14, wherein R is 2-methylthi 
azol-4-yl, namely (4S,2R,3R,5R)-2-(2-methylthiazol-4-yl 
methylthio)methyl-5-6-((tetrahydrofuran-3-yl amino)pu 
rin-9-yltetrahydrofuran-3,4-diol. 

22. A pharmaceutical composition consisting of from 1-6 
pharmaceutically acceptable excipients and a therapeutically 
effective amount of a compound of claim 1. 

23. A method of treating a disease state in a mammal that is 
alleviable by treatment with a partial or full A adenosine 
receptor agonist, comprising administering to a mammal in 
need thereof a therapeutically effective dose of a compound 
of claim 1. 

24. The method of claim 23, wherein the disease state is 
chosen from atrial fibrillation, Supraventricular tachycardia 
and atrial flutter, congestive heart failure, epilepsy, stroke, 
diabetes, obesity, ischemia, stable angina, unstable angina, 
cardiac transplant, and myocardial infarction. 

25. The method of claim 24, wherein the disease state is 
hyperlipidemia. 

26. A pharmaceutical composition comprising at least one 
pharmaceutically acceptable excipient and a therapeutically 
effective amount of a compound of claim 1. 
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