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THERAPEUTIC COMPOUNDS

TECHNICAL FIELD

The mvention relates to a method of improving oral drug absorption of adenosine
analogues by the use of 2 -methoxy adenosine po-drugs and to the use of these pro-drugs
as medicaments. The invention further relates to compounds that are pro-drugs of
adenosine receptor agonists, and to their use as therapeutic compounds, in particular as
analgesic or anti-inflammatory compounds, or as disease modifying antirheumatic drugs
(DMARDs), and to methods of preventing, treating or ameliorating pain or inflammation

using these compounds.

BACKGROUND ART

Adenosine 1s a ubiquitous local hormone/neurotransmitter that acts on four known
receptors, the adenosine Al, A2A, A2B and A3 receptors. Adenosine generally serves to
balance the supply and demand of energy in tissues. For example, in the heart released
adenosine slows the heart by an Al receptor mediated action in the nodes and atria
(Belardinelli, L & Isenberg, G Am. J. Physiol. 224, H734-H737), while simultancously
dilating the coronary artery to increase energy (1.e. glucose, fat and oxygen) supply (Knabb
et al, Circ. Res. (1983) 53, 33-41). Similarly, during inflammation adenosine serves to
inhibit inflammatory activity, while in conditions of excessive nerve activity (e.g. epilepsy)

adenosine inhibits nerve firing (Klitgaard ef al, Eur J. Pharmacol. (1993) 242, 221-228).

This system, or a variant on it, 1s present 1n all tissues.

Adenosine 1tself can be used to diagnose and treat supraventricular tachycardia. Adenosine
Al receptor agonists are known to act as powerful analgesics (Sawynok, J. Eur J
Pharmacol. (1998) 347, 1-11; Gittin et al, (2003) 23, 4, 287-292). A2a agonists have
recently been shown to give significant pain relief in conditions of increased pain
sensitivity (such as neuropathic and inflammatory hyperalgesia) (WO 2004/052377; WO
2004/078183; WO 2004/078184; WO 2005/084653) and are known to have anti-
inflammatory activity (see, for example US 5,877,180; WO 99/34804; Linden et al, Expert
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Opin. Investig. Drugs (2005) 14, 7, 797-806; Sitkovsky et al, TRENDS in Immunology
(2005) 26, 6, 299-304; Linden ef al, Journal of Immunology (2006) 117, 2765-2769;
Cronstein ef al (2004) 25, 1, 33-39). In experimental animals, A2A receptor agonists have
been shown to be effective against a wide variety of conditions including sepsis (Linden ef
al, The Journal of Infectious Diseases (2004) 189, 1897-1904), arthritis (Cohen et al, J.
Orthop. Res. (2005) 23, 5, 1172-1178; Cohen et al, J. Orthop. Res. (2004) 22, 2, 427-435),
and 1schaemia/reperfusion mjury arising from renal, coronary or cerebral artery occlusion
(see, for example Day ef al, J. Clin. Invest, (2003) 112, 883-891; Linden et al/, Am. J.
Physiol. Gastrointest. Liver Physiol. (2004) 286, G285-G293; Linden ef al, Am J. Physiol.
(1999) 277, F404-F412; Schlack et al, J. Cardiovasc. Pharmacol. (1993) 22, 89-96; Zu et
al, J. Cardiovasc. Pharmacol. (2005) 46, 6, 794-802; Linden et al, Am J. Physiol. Heart
Circ. Physiol. (2005) 288, 1851-1858; Kennedy et al, Current Opinion in Investigational
Drugs (2006) 7, 3, 229-242). The common factor in these conditions 1s a reduction in the
inflammatory response caused by the inhibitory effect of this receptor on most, 1f not all,

inflammatory cells. A2a agonists are also known to promote wound healing (Montesinos,

Am. J. Pathol. (2002) 160, 2009-2018).

However, the ubiquitous distribution of adenosine receptors means that administration of
adenosine receptor agonists causes adverse side effects. This has generally precluded the
development of adenosine-based therapies. Selective Al receptor agonists cause
bradycardia. A2A receptor agonists cause widespread vasodilation with consequent
hypotension and tachycardia. The first selective A2A receptor agonist (2-[4-(2-
carboxyethyl)phenylethylamino]-5 -N-ethydarboxamidoadenosine, or CGS21680), was
tested 1n a Phase 2A clinical trial as a potential anti-hypertensive. However, administration
of this compound caused a large fall in blood pressure and consequent increase 1in cardiac
output. This has prevented use of CGS21680 as a medicament. Webb e a/. (J. Pharmacol
Exp Ther (1991) 259, 1203-1212), Casati et al, (J Pharmacol Exp Ther (1995) 275(2):914-
919), and Bonnizone et al, (Hypertension. (1995) 25, 564-9) show that selective A2A
adenosine receptor agonists cause hypotension and tachycardia. The degree of tachycardia
induced 1s sufficient to preclude their use as medicaments. Alberti et al, (J Cardiovasc

Pharmacol. (1997) Sep;30(3):320-4) discloses that selective A2A adenosine receptor

agonists are potent vasodilators that reduce blood pressure and induce marked increments
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in heart rate and plasma renin activity. These side effects preclude their use as

medicaments.

US 5,877,180 relates to agonists of A2A adenosine receptors which are stated to be
cifective for the treatment of inflammatory diseases. The preferred agonists, WRC0090
and SHA 211 (WRC0474), are disclosed to be more potent and selective than previously
reported adenosine analogs such as CGS21680 and CV1808. Administration of SHA 211
or WRCO0090 1s considered to reduce the possibility of side effects mediated by the binding
of the analogs to other adenosine receptors. However, only in vitro data relating to the
activity of SHA 211 1is included. There 1s no demonstration that any of the compounds
described could be therapeutically effective in vivo without causing serious side effects.
Although side effects mediated by the binding of potent and selective adenosimne A2A
receptor agonists to other adenosine receptors 1s expected to be reduced by use of such
agonists, the ubiquitous distribution of adenosine receptors means that these compounds
would still be expected to activate adenosine A2A receptors in normal tissue and,

therefore, cause serious side effects (such as hypotension and reflex tachycardia).

US 3,936,439 discloses use of 2,6-diaminonebularine derivatives as coronary dilating
and/or platelet aggregation inhibitory agents for mammals. /n vivo data in dogs 1s included
to support the coronary dilating action of N°-Phenyl-2,6-diaminonebularine, N*-
Cyclohexyl-2,6-diaminonebularine, N°-(p-methoxyphenyl)-2,6-diaminonebularine, and
N”-Ethyl-2,6-diaminonebularine, and in vitro data supports the platelet aggregation
inhibitory action of  N”-Phenyl-2,6-diaminonebularine, N*-cyclohexyl-2,6-
diaminonebularine, 2.6-Diaminonebularine, and NZ-Ethyl-Z,6-diamin0nebularine. FR
2162128 (Takeda Chemical Industries, Ltd) discloses that adenosine derivatives (including
2-alkoxy adenosine derivatives comprising a lower alkyl group of not less than two carbon
atoms) have hypotensive and coronary vasodilatory activity. /n vivo data in dogs supports
the coronary vasodilatory activity of 2-n-pentyloxyadenosine, 2-(3-hydroxyethoxy)-
adenosine, and 2-phenoxyadenosine. However, there 1s no demonstration in US 3,936,439

or FR 2162128 that any of the compounds described could be administered without

causing serious side effects.
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Ribeiro er al, (Progress in Neurobiology 68 (2003) 377-392) 1s a review of adenosine
receptors 1n the nervous system. It 1s stated in the concluding remarks of this article (on
page 387, right column, lines 4-10 of section &) that ’as noted a long time ago, activation
of adenosine receptors at the periphery 1s associated with hypotension, bradycardia and
hypothermia [...] These side effects have so far significantly limited the clinical usefulness

of adenosine receptor agonists

There 1s, therefore, a need to provide adenosine receptor agonists that can be administered

with minimal side effects.

Certain aspects of the mnvention relate to the treatment of pain. Pain has two components,
cach 1nvolving activation of sensory neurons. The first component 1s the early or
immediate phase when a sensory neuron 1s stimulated, for instance as the result of heat or
pressure on the skin. The second component 1s the consequence of an increased sensitivity
of the sensory mechanisms innervating tissue which has been previously damaged. This
second component 1s referred to as hyperalgesia, and 1s involved 1n all forms of chronic
pain arising from tissue damage, but not in the early or immediate phase of pain

perception.

Thus, hyperalgesia 1s a condition of heightened pain perception caused by tissue damage.
This condition 1s a natural response of the nervous system apparently designed to
encourage protection of the damaged tissue by an injured individual, to give time for tissue
repair to occur. There are two known underlying causes of this condition, an increase 1n
sensory neuron activity, and a change in neuronal processing of nociceptive information
which occurs in the spinal cord. Hyperalgesia can be debilitating 1in conditions of chronic
inflammation (e.g. rheumatoid arthritis), and when sensory nerve damage has occurred (1.¢.

neuropathic pain).

Two major classes of analgesics are known: (1) non steroidal anti-inflammatory drugs
(NSAIDs) and the related COX-2 inhibitors; and (1) opiates based on morphine.
Analgesics of both classes are effective in controlling normal, immediate or nociceptive
pain. However, they are less effective against some types of hyperalgesic pain, such as

neuropathic pain. Many medical practitioners are reluctant to prescribe opiates at the high
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doses required to affect necuropathic pain because of the side effects caused by
administration of these compounds (such as restlessness, nausea, and vomiting), and the
possibility that patients may become addicted to them. NSAIDs are much less potent than
opiates, so even higher doses of these compounds are required. However, this 1s

undesirable because these compounds cause irritation of the gastro-intestinal tract.

There 1s also a need to provide analgesics, particularly anti-hyperalgesics, which are
sufficiently potent to control pain perception in neuropathic and other hyperalgesic
syndromes, and which do not have serious side effects or cause patients to become

addicted to them.

It has recently become apparent (WO 2004/052377; WO 2004/078183; WO 2004/078184;
WO 2005/084653) that some adenosine agonists (€.g. spongosine) arc effective analgesics

at doses as much as one hundred times lower than would be expected to be required based
on the known affinity of this compound for adenosine receptors. At such doses, spongosine
and related compounds do not cause the significant side effects associated with adenosine
receptor activation. The underlying mechanism behind these observations appears to be
that these compounds have increased affinity for adenosine receptors at pH below pH 7.4.
It 1s believed that this property explains the surprising activity of these compounds at low
doses. The Applicant has been able to identify certain other compounds that also have
increased affinity for adenosine receptors at reduced pH. It i1s thought that these
compounds can be used as medicaments without causing serious side effects. However a
significant proportion of these compounds exhibit poor oral bioavailability and short

plasma half lives, thus limiting their usefulness as therapeutics.

Spongosine was first 1solated from the tropical marine sponge, Cryptotethia crypta in 1945
(Bergmann and Feeney, J. Org. Chem. (1951) 16, 981, Ibid (1956) 21, 226), and was the

first methoxypurine found m nature. It 1s also known as 2-methoxyadenosine, or 9H-purin-

6-amine, 9-o-D-arabinofuranosyl-2-methoxy. The first biological activities of spongosine
were described by Bartlett er al, (J. Med. Chem. (1981) 24, 947-954). Spongosine (and
other compounds) was tested for its skeletal muscle-relaxant, hypothermic, cardiovascular
and anti-inflammatory effects in rodents following oral administration (anti-inflammatory

activity was assessed by inhibition of carageenan-induced oedema 1n a rat paw).
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Spongosine caused 25% inhibition of carageenan-induced inflammation in rats at 20 mg/kg
po. However, reductions in mean blood pressure (41%), and in heart rate (25%) were also

observed after administration of this compound at this dose.

The affinity of spongosine for the rat adenosine Al and A2A receptors has been

determined. The K, values obtained (in the rat) were 340nM for the Al receptor and
1.4uM for the A2A receptor, while the ECsq value for stimulation of the rat A2A receptor

was shown to be 3uM (Daly e al, Pharmacol. (1993) 46, 91-100). In the guinea pig, the
cfficacy of spongosine was tested in the 1solated heart preparation and the EC50 values

obtained were 10 uM and 0.7 uM for the adenosine Al and A2A receptors, respectively
(Ueeda ef al, ] Med Chem (1991) 34, 1334-1339). Because of the low potency and poor
receptor selectivity of this compound 1t was largely 1ignored 1in favor of more potent and

receptor selective adenosine receptor agonists.

The use of nucleoside analogues in the treatment of diseases 1s often limited by poor oral
absorption (Han ef a/, Pharm. Res. (1998) 15(8), 1154-9). Nucleosides are poorly soluble,
polar molecules, and these properties make them poorly permeable to systemic
membranes, such as the blood-brain barrier and the cellular membranes that provide access
to the drugs targets (Kling, Modern DrugDiscovery (1999) 2(3), 26-36). Thus, oral
administration of nucleoside drugs often results in poor or irreproducible in vivo efficacy
as a result of a limited or variable concentration of the drug at the site of action. The design
and synthesis of new nucleoside analogues therefore remains a very active area of research,

with the goal of discovering drugs with optimal oral bioavailability (Dresser et al, Drug

Metabolism and Disposition (2000) 28, 9, 1135-40).

Numerous research groups have attempted to solve the problem of poor oral bioavailability
of nucleoside drugs by employing a pro-drug of the chosen bioactive species. A pro-drug 1s
a drug which has been chemically modified and may be biologically inactive at its site of
action, but which will be degraded or modified by one or more enzymatic or in vivo

processes to the bioactive form.
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The design of nucleoside pro-drugs has focused on improving oral bioavailabilty by the
targeting of nucleoside or peptide transporters, through exploitation of enzymatic processes
such adenosine deaminase activation, or by the appending of specific substituents to the
sugar moiety of the nucleoside, which aid membrane permeation and are then cleaved in

vivo to release the active species.

Various pro-drugs of antivirals have been attempted. Most notably, US 4,957,924 discloses
various therapeutic esters of the antiherpetic agent, acyclovir. Valacyclovir, the L-valyl
ester of Acyclovir, 1s an oral prodrug that undergoes rapid and extensive first-pass
metabolism to yield Acyclovir and the amino acid L-valine. The bioavailability of
Acyclovir from oral Valacyclovir 1s considerably greater than that achieved after oral
Acyclovir administration. Oral administration of Valacyclovir produced a greater increase
in urinary excretion of Acyclovir (63%), compared with oral administration of Acyclovir
itself (19%) (Perry and Faulds Drugs (1996) 52, 754-72). This increase in oral
bioavailability has been attributed to interaction of the L-valyl ester moiety of Valacyclovir
with the peptide transporter hPEPT1 (Sawada ef a/, J. Pharmacol. Exp. Ther. (1999) 291,
2, 705-9; Anand ef al, J. Pharmacol. Exp. Ther. (2003) 304, 781). An analogous strategy

has been used to increase the oral bioavailability of Zidovudine (AZT) (Han ef al, Pharm.

Res. (1998) 15(8), 1154-9).

Similarly, WO 01/96353 relates to 3 -prodrugs of 2 -deox@-L-nucleosides for the
treatment of hepatitis B virus, that are amino acid esters including valyl and alkyl esters,
specifically 3 E-amino acid ester and 3 ,5 L-diamino acid esters. For example, 1n
cynamalogous monkeys, the 3 ,5 -daline ester pro-drug of 2 -deoxyB-L-cytidine
released 2 -deoxyB-L-cytidine in vivo with 73% oral bioavailability and a 2.28h (po) hali-
life, in comparison to an oral bioavailability of 18% and a half-life of 2.95h (po) following
dosing of 2 -deoxyB-L-cytidine 1tself.

In an alternative approach, adenosine deaminase activation of pro-drugs to the active
species has been exploited. For example, Viramidine has been shown to act as a pro-drug
to the chronic hepatitis C drug, Ribavarin. Viramidine 1s predominantly converted by

adenosine deaminase to Ribavarin in the liver and this liver-targeting property has being
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exploited to circumvent haemolytic anaemia side effects caused by Ribavarin itself. Thus,
after multiple oral dosing of [ “C]Ribavarin or ['*C]Viramidine to monkey, Viramidine
yielded three times the drug level in the liver but only half in red blood cells compared to
Ribavarin (Lin ef al/, Antiviral chemistry & chemotherapy (2003) 14, 145-152; Wu et al,
Journal of Antimicrobial Chemotherapy (2003) 52, 543-6).

WO 00/71558 discloses the use of pro-drugs that are esters of N6-oxa, thia, thioxa and
azacycloalkyl substituted adenosine derivatives that are selective adenosine Al receptor
agonists. Although an increase 1n observed in vivo efficacy (fall in heart rate) was observed
using this strategy, no data is presented proving this to be a result of any increase in oral
bioavailability or effective half-life. Sommadossi ef al. (WO 2004/003000) have disclosed
2" and 3'-pro-drugs of 1 ,2 ,3 or 4 ,Ibwr SS-L, branched nucleosides for treating
flaviviridac infections but similarly have not demonstrated that these pro-drugs improve
oral bioavailabilty or half-life. Dalpiaz et al (Acta Technologiae et Legis Medicamenti
(2002) 13, 49 and Pharm. Res. (2001) 18, 531) have reported stability data of 5 -ester pro-

drugs of 6-cyclopentylaminoadenosine (CPA) in whole blood and plasma.

DISCLOSURE OF THE INVENTION

The present invention provides the use in therapy of novel 2 -methoxy pro-drugs of
adenosine derivatives that are converted within the mammalian body to become
therapeutically useful adenosine receptor agonists or antagonists. The 2 -methoxy
functionality, despite being only a small structural modification to the nucleoside template,
can surprisingly cause a significant increase in both the oral bioavailability and oral hali-
life of the pro-drugged adenosine derivative (active metabolite) reaching the receptor
target, in comparison to the oral bioavailability and oral half-life that 1s observed following

oral dosing of the metabolite 1tself (1.e. when this pro-drug strategy 1s not employed).

In a first preferred aspect, the invention provides the use of a compound of Formula I, or a

pharmaceutically acceptable salt thereof,
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R2Z R1

R3 OMe T

wherein:

R1 1s adenine, which 1s unsubstituted or substituted with 1-3 substituents independently

selected from halogen, OH, OR4, NR4R5, CN, SR4 or R4;

R2 1s selected from CHzOH, CH20R4, CH2R4, R4, CH2C02R4, CH2CONR4R5,
CH,NR4R5, CHshalogen, CO,R4, CONR4R5, CH,OCOR4, CH,OCONRA4RS,
CH,NHCOR4 or CH,NHCONR4RS5;

R3 1s selected from F, OH, OR4, NH,, N3 or NR4RS5;

R4 and RS are independently selected from H, C;_g-alkyl, C;5_g-cycloalkyl, aryl or

heterocyclyl, each optionally substituted with 1-3 substituents independently selected from
halogen, OH, NH», CN or CFj5;

in the manufacture of a medicament for use against a medical condition that can be

improved or prevented by agonism or antagonism of an adenosine receptor.

Preferably, the said compound of Formula I 1s having the formula II, or a pharmaceutically

acceptable salt thereof,

HO OMe 1

whereimn R1 1s as described for Formula 1.
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In a preferred aspect of the invention, the said medical condition can be improved or
prevented by agonism of an adenosine receptor. In particular, the said medical condition

can be associated with pain, inflammation and/or arthropathy.

In a further aspect, the invention provides the use of a compound of Formula (I) or (II) 1n
the manufacture of an improved medicament having increased bioavailability and/or hali-
life 1In comparison with a second medicament, said second medicament having as active

ingredient a compound of Formula IV, or a pharmaceutically acceptable salt thereof,

O _R1
7

\\ ’I
\ /

wherein R1 1s as defined for Formula I, and wherein R1 of the second medicament 1s the

same as R1 of the improved medicament.

In another aspect, the invention provides a method of preventing, treating, or ameliorating
a medical condition that can be prevented or improved by agonism or antagonism of an
adenosine receptor, which comprises administering a compound of the Formula I or II,
wherein R1, R2 and R3 are as defined above, to a subject in need of such prevention,
treatment, or amelioration. In a preferred aspect of the invention, the said medical
condition can be improved or prevented by agonism of an adenosine receptor. In particular,

the said medical condition can be associated with pain, inflammation and/or arthropathy.

Methods delineated herein include those wherein the subject 1s 1dentified as in need of a
particular stated treatment. Identifying a subject in need of such treatment can be in the
judgment of a subject or a health care professional and can be subjective (e.g. opinion) or

objective (e.g. measurable by a test or diagnostic method).

In yet another aspect, the invention provides a method for increasing bioavailability and/or
half-life of a compound having the Formula IV, or a pharmaceutically acceptable salt

thereof,
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wherein R1 1s as defined for Formula I, said method comprising substituting 2 -OH in the

ribose moiety to 2 -OMe

In another aspect, the invention provides a compound having the Formula 111

NH,
N N
<)
Ho/\G’N N/)\RG

\ s’
Y ”
~ ”’

wherein R6 1s selected from OR4, NR4R5, CN, SR4 or R4; wherein R4 and R5 are as
defined for Formula I; with the proviso that NR4RS 1s not NH,, NHphenyl or NHpentyl;

and with the proviso that R4 1s not methyl, propyl, 1sopropyl, phenyl or C=CCH,OH.

R6 can preferably be OMe, OCH,CHF,, OCH,cyclopentyl, 0O(2,2,3,3-
tetrafluorocyclobutyl), (2,5-difluorophenoxy), (3,4-difluorophenoxy), (3-trifluoromethyl,4-

chlorophenoxy), (S)-sec-butylamino, or cyclohexylamino.

Preferred compounds of Formula III include:

° (2R,3R,4R,5R)-5-(6-amino-2-methoxy-9H-purin-9-yl)-2-(hydroxymethyl)-4-
methoxytetrahydrofuran-3-ol;

° (2R,3R,4R,5R)-5-[6-amino-2-(2,2-difluoroethoxy)-9H-purin-9-yl]-2-
(hydroxymethyl)-4-methoxytetrahydrofuran-3-ol;

° (2R,3R,AR,5R)-5-|6-amino-2-(cyclopentylmethoxy)-9H-purin-9-yl]-2-
(hydroxymethyl)-4-methoxytetrahydrofuran-3-ol;
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. (2R,3R,4R,5R)-5-{6-amino-2-[(2,2,3,3-tetrafluorocyclobutyl)oxy]-9H-purin-9-yl } -
2-(hydroxymethyl)-4-methoxytetrahydrofuran-3-ol;

° (2R,3R,4R,5R)-5-[6-amino-2-(2,5-difluorophenoxy)-9H-purin-9-yl]-2-
(hydroxymethyl)-4-methoxytetrahydrofuran-3-ol;

° (2R,3R,AR,5R)-5-[6-amino-2-(3,4-difluorophenoxy)-9H-purin-9-yl]-2-
(hydroxymethyl)-4-methoxytetrahydrofuran-3-ol;

° (2R,3R.,AR,5R)-5-|6-amino-2-[4-chloro-3-(trifluoromethyl)phenoxy]-9H-purin-9-
yl]-2-(hydroxymethyl)-4-methoxytetrahydrofuran-3-ol;

. (2R,3R,4R,5R)-5-(6-amino-2-{[(1S5)-1-methylpropyl]amino } -9H-purin-9-yl)-2-
(hydroxymethyl)-4-methoxytetrahydrofuran-3-ol; and

. (2R,3R.,AR,5R)-5-[6-amino-2-(cyclohexylamino)-9H-purin-9-yl]-2-
(hydroxymethyl)-4-methoxytetrahydrofuran-3-ol.

There are also provided according to the invention methods of synthesis of compound
numbers 1-9 as set out in the examples below. In some cases the precursors of these
compounds mclude one or more protecting groups. It will be appreciated that, if desired,

other carboxy-based hydroxyl protecting groups may be used instead of those specitied.

Prodrugs of the invention are all believed to give rise, in vivo, to active metabolites that
have increased affinity for adenosine receptors at pH below pH 7.4. In normal mammalian
tissues extracellular pH 1s tightly regulated between pH 7.35 and 7.45. Some tissues
experience lower pH values, particularly the lumen of the stomach (pH between 2 and 3)
and the surfaces of some epithelia (for example, the lung surface pH 1s approximately 6.8).
In pathological tissues, for example during inflammation, 1schaemia and other types of

damage, a reduction in pH occurs.

Because of the increased affinity of the active metabolites (resulting in vivo from the pro-
drugs of the invention) for adenosine receptors at reduced pH, it 1s thought that the actions
of these active metabolites can be targeted to regions of low pH, such as pathological
tissues. Consequently, the doses of these active metabolites that are required to give
therapeutic effects are much lower than would be expected based on their affinity for

adenosine receptors at normal extracellular physiological pH. Since only low doses of the
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active metabolites are required, the serious side effects associated with administration of
adenosine receptor agonists, which render them unusable as therapeutic agents, are avoided

or minimized.

As described above, the disclosed prodrug compounds can be used for the prevention,
treatment, or amelioration of pathological conditions that can be improved or prevented by
modulation (agonism or antagonism) of adenosine receptors, such as adenosine A2A
receptors. Examples of such pathological conditions include pain, inflammation and/or

arthropathy.

According to the mvention there 1s provided use of a pro-drug of the mvention in the
manufacture of a medicament for the prevention, treatment, or amelioration of pain,
particularly hyperalgesia. There 1s also provided according to the invention a method of
preventing, treating, or ameliorating pain (particularly hyperalgesia) which comprises
administering a pro-drug of the invention to a subject in need of such prevention,

treatment, or amelioration.

Pro-drugs of the mvention are believed to give rise in vivo, to active metabolites that are
cfiective 1n 1nhibiting pain perception in mammals suffering from pain, in particular
neuropathic or inflammatory pain, even when the pro-drugs are administered at doses
expected to give plasma concentrations of the active metabolites well below those known
to activate adenosine receptors. Therefore, 1t 1s believed that pro-drugs of the invention can
treat pain (particularly neuropathic and inflammatory pain) without causing the significant

side effects associated with administration of other adenosine receptor agonists.

As mentioned above hyperalgesia 1s a consequence 1n most instances of tissue damage,
cither damage directly to a sensory nerve, or damage of the tissue innervated by a given
sensory nerve. Consequently, there are many conditions in which pain perception mcludes

a component of hyperalgesia.

According to the invention there 1s provided use of a pro-drug of the invention as an
analgesic (particularly an anti-hyperalgesic) for the prevention, treatment, or amelioration

of pain (particularly hyperalgesia) caused as a result of neuropathy, including Diabetic
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Neuropathy, Polyneuropathy, Cancer Pain, Fibromyalgia, Myofascial Pain Syndrome,
Osteoarthritis, Pancreatic Pain, Pelvic/Perineal pain, Post Herpetic Neuralgia, Rheumatoid
Arthritis, Sciatica/Lumbar Radiculopathy, Spinal Stenosis, Temporo-mandibular Joint
Disorder, HIV pain, Trigeminal Neuralgia, Chronic Neuropathic Pain, Lower Back Pain,
Failled Back Surgery pain, back pain, post-operative pain, post physical trauma pain
(including gunshot, road traffic accident, burns), Cardiac pain, Chest pain, Pelvic pain/PID,
Joint pain (tendonitis, bursitis, acute arthritis), Neck Pain, Bowel Pain, Phantom Limb
Pain, Obstetric Pain (labour/C-Section), Renal Colic, Acute Herpes Zoster Pain, Acute
Pancreatitis Breakthrough Pain (Cancer), Dysmenorhoea/Endometriosis; or in any of the
above pathological conditions where bacterial or viral infection 1s a cause or exacerbates

the condition.

According to the invention there 1s also provided use of a pro-drug of the invention as an
analgesic (particularly an anti-hyperalgesic) for the prevention, treatment, or amelioration
of pain (particularly hyperalgesia) caused as a result of inflammatory disease, or as a result
of combined inflammatory, autormmune and neuropathic tissue damage, including
rheumatoid arthritis, osteoarthritis, rheumatoid spondylitis, gouty arthritis, and other
arthritic conditions, cancer, HIV, Chronic Obstructive Pulmonary Disease (COPD), acute
bronchitis, chronic bronchitis, emphysema, bronchiectasis, cystic fibrosis, pneumonia,
pleurisy, acute asthma, chronic asthma, acute respiratory distress syndrome, adult
respiratory distress syndrome (ARDS), mfant respiratory distress syndrome (IRDS) acute
lung injury (ALI), laryngitis, pharangitis, persistent asthma, chronic asthmatic bronchitis,
interstitial lung disease, lung malignancies, alpha-anti-trypsin deficiency, bronchiolitis
obliterans, sarcoidosis, pulmonary fibrosis, collagen vascular disorders, allergic rhinitis,
nasal congestion, status asthmaticus, smoking related pulmonary disease, pulmonary
hypertension, pulmonary oedema, pulmonary embolism, pleural effusion, pneumothorax,
haemothorax, lung cancer, allergies, pollinosis Hay fever), sneeze, vasomotor rhinitis,

mucositis, simusitis, exogenous irritant induced illness (SO,, smog, pollution), airrway

hypersensitivity, milk product intolerance, Luffer s pneumonia, pneumoconiosis, collagen
induced vascular disease, granulomatous disease, bronchial inflammation, chronic
pulmonary inflammatory disease, bone resorption diseases, reperfusion injury (including

damage caused to organs as a consequence of reperfusion following 1schaemic episodes
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¢.g. myocardial infarcts, strokes), autoommune damage (including multiple sclerosis,
Guillam Barre Syndrome, myasthenia gravis) graft v. host rejection, allograft rejections,
fever and myalgia due to infection, AIDS related complex (ARC), keloid formation, scar
tissue formation, Crohn's disease, ulcerative colitis and pyresis, 1rritable bowel syndrome,
osteoporosis, cerebral malaria and bacterial meningitis, bowel pain, cancer pain, back pain,
fibromyalgia, post-operative pain; or in any of the above pathological conditions where

bacterial or viral infection 1s a cause or exacerbates the condition.

It 1s believed that pro-drugs of the invention may give rise, in vivo, to active metabolites
that are effective in the prevention, treatment, or amelioration of 1schaemic pain. The term
”1schaemic pain 1s used herein to mean pan associated with a reduction in blood supply
to a part of the body. A reduced blood supply limits the supply of oxygen (hypoxia) and
energy to that part of the body. Ischaemia arises from poor blood perfusion of tissues and
so 1schaemic pain arises 1n coronary artery disease, peripheral artery disease, and
conditions which are characterized by insufficient blood flow, usually secondary to
atherosclerosis. Other vascular disorders can also result in 1schaemic pain. These include:
left ventricular hypertrophy, coronary artery disease, essential hypertension, acute
hypertensive emergency, cardiomyopathy, heart insufficiency, exercise tolerance, chronic
heart failure, arrhythmia, cardiac dysrhythmia, syncopy, arteriosclerosis, mild chronic heart
failure, angina pectoris, Prinzmetal s (variant) angina, stable angina, and exercise induced
angina, cardiac bypass reocclusion, intermittent claudication (arteriosclerosis oblitterens),
arteritis, diastolic  dysfunction and systolic dysfunction, atherosclerosis, post
ischacmia/reperfusion 1njury, diabetes (both Types 1 and II), thromboembolisms.
Haemorrhagic accidents can also result in 1schaemic pain. In addition poor perfusion can
result in neuropathic and inflammatory pain arising from hypoxia-induced nerve cell
damage (e.g. 1n cardiac arrest or bypass operation, diabetes or neonatal distress); or in any
of the above pathological conditions where bacterial or viral infection i1s a cause or

exacerbates the condition.

Pro-drugs of the invention are believed to give rise, in vivo, to active metabolites that are
cffective 1n prevention, treatment, or amelioration of 1schaemic pain even when the pro-
drugs are administered at doses expected to give plasma concentrations of the active

metabolites well below those known to activate adenosine receptors. At these doses, i1t 1s
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believed that the active metabolites do not cause the significant side effects associated with

administration of higher doses of adenosine receptor agonists.

There 1s further provided according to the invention use of a pro-drug of the invention (1.¢.
a compound of the mvention) for the manufacture of a medicament for the prevention,
treatment, or amelioration of inflammation. There 1s further provided according to the
invention a method of prevention, treatment, or amelioration of inflammation, which
comprises administering a pro-drug of the invention to a subject mm need of such

prevention, treatment, or amelioration.

In particular, 1t 1s believed that pro-drugs of the invention (1.e. compounds of the invention)
can be used to prevent, treat, or ameliorate inflammation caused by or associated with:
cancer (such as leukemias, lymphomas, carcinomas, colon cancer, breast cancer, lung
cancer, pancreatic cancer, hepatocellular carcinoma, kidney cancer, melanoma, hepatic,
lung, breast, and prostate metastases, etc.); auto-immune disease (such as organ transplant
rejection, lupus erythematosus, graft v. host rejection, allograft rejections, multiple
sclerosis, rheumatoid arthritis, type I diabetes mellitus including the destruction of
pancreatic islets leading to diabetes and the inflammatory consequences of diabetes);
autormmune damage (including multiple sclerosis, Guillam Barre Syndrome, myasthenia
oravis); obesity; cardiovascular conditions associated with poor tissue perfusion and
inflammation (such as atheromas, atherosclerosis, stroke, i1schaemia-reperfusion injury,
claudication, spinal cord injury, congestive heart failure, vasculitis, haemorrhagic shock,
vasospasm following subarachnoid haemorrhage, vasospasm following cerebrovascular
accident, pleuritis, pericarditis, the cardiovascular complications of diabetes); 1schaecmia-
reperfusion 1njury, 1schaemia and associated 1nflammation, restenosis following
angioplasty and inflammatory aneurysms; epilepsy, neurodegeneration (including
Alzheimer s Disease), muscle fatigue or mucle cramp (particularly athletes cramp),
arthritis (such as rheumatoid arthritis, osteoarthritis, rheumatoid spondylitis, gouty
arthritis), fibrosis (for example of the lung, skin and liver), multiple sclerosis, sepsis, septic
shock, encephalitis, infectious arthritis, Jarisch-Herxheimer reaction, shingles, toxic shock,
cerebral malaria, Lyme s disease, endotoxa shock, gram negative shock, haemorrhagic
shock, hepatitis (arising both from tissue damage or viral infection), deep vein thrombosis,

ogout; conditions associated with breathing difficulties (e.g. impeded and obstructed
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airways, bronchoconstriction, pulmonary vasoconstriction, impeded respiration, silicosis,
pulmonary sarcosis, pulmonary hypertension, pulmonary vasoconstriction, bronchial
allergy and vernal conjunctivitis); conditions associated with inflammation of the skin
(including psoriasis, eczema, ulcers, contact dermatitis); conditions associated with
inflammation of the bowel (including Crohn s diseasg ulcerative colitis and pyresis,
irritable bowel syndrome, inflammatory bowel disease); HIV (particularly HIV 1infection),
cerebral malaria, bacterial meningitis, TNF-enhanced HIV replication, TNF 1nhibition of
AZT and DDI activity, ostecoporosis and other bone resorption diseases, osteoarthritis,
rheumatoid arthritis, infertility from endometriosis, fever and myalgia due to infection,
cachexia secondary to cancer, cachexia secondary to infection or malignancy, cachexia
secondary to acquired immune deficiency syndrome (AIDS), AIDS related complex
(ARC), keloid formation, scar tissue formation, adverse effects from amphotericin B
treatment, adverse effects from interleukin-2 treatment, adverse effects from OKT3
treatment, or adverse effects from GM-CSF treatment, and other conditions mediated by
excessive anti-inflammatory cell (including neutrophil, eosinophil, macrophage and T-
cell) activity; or 1n any of the above pathological conditions where bacterial or viral

infection 1s a cause or exacerbates the condition.

Continuous low grade inflammation 1s known to be associated with obesity (in the
presence and absence of insulin resistance and Type II diabetes) (Browning er al
Metabolism (2004) 53, 899-903, Inflammatory markers elevated 1n blood of obese women:;
Mangge et al, Exp Clin Endocrinol Diabetes (2004) 112, 378-382, Juvenile obesity
correlates with serum inflammatory marker C-reactive protein; Maachi ef a/ Int J Obes
Relat Metab Disord. (2004) 28, 993-997, Systemic low grade inflammation in obese
people). A possible reason for this 1s that fat cells secrete TNF alpha and interleukins 1 and

6, which are pro-inflammatory.

Pro-drugs of the mvention that give rise, in vivo, to active metabolites that are selective
agonists of adenosine A2A and/or A3 receptors are particularly preferred because it 1s
believed that such metabolites will have strong anti-inflammatory activity. By selective
agonists of adenosine A2A and/or A3 receptors 1s meant agonists that activate adenosine
A2A and/or A3 receptors at concentrations that are lower (preferably one thousandth to

one fifth) than required to activate adenosine A1l receptors. Furthermore, Al receptors have
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pro-inflammatory activity, so such effects are expected to be minimized for compounds

that are selective for A2A and/or A3 receptors.

It will be appreciated that any pathological condition that can be prevented or improved by
agonism of adenosine A2A and/or A3 receptors can be prevented, treated, or ameliorated

by pro-drugs of the invention.

According to the mvention there 1s provided use of a pro-drug of the mvention in the
manufacture of a medicament for the prevention, trecatment, or ameclioration of a
pathological condition that can be improved or prevented by agonism of adenosine A2A
and/or A3 receptors. There 1s also provided according to the invention a method of
prevention, treatment, or amelioration of a pathological condition that can be improved or
prevented by agonism of adenosine A2A and/or A3 receptors, which comprises
administering a pro-drug of the invention to a subject in need of such prevention,

treatment, or amelioration.

A person of ordinary skill in the art can readily test whether or not a pathological condition
that 1s prevented, treated, or ameliorated by a compound of the invention 1s acting via
adensoine A2A and/or A3 receptors. For example, this may be done by comparing the
ctiect of the compound 1n an animal model of the pathological condition 1n the presence
and absence of a selective antagonist of an adenosine A2A and/or A3 receptor. If the effect
of the compound 1n the presence of the antagonist 1s reduced or absent compared with the
ctiect of the compound 1n the absence of the antagonist, it 1s concluded that the compound
1s exerting 1ts effect via an adenosine A2A and/or A3 receptor. Antagonists of adenosine
A2A and A3 receptors are known to those of ordinary skill in the art (see for example
Ongini et al., Farmaco. (2001) Jan-Feb, 56(1-2), 87-90; Muller, Curr Top Med Chem.
(2003) 3(4), 445-62).

Alternatively, an adenosine A2A receptor knockout mouse may be used (Ohta A and
Sitkovsky M, Nature (2001) 414, 916-20). For example, the effect of the compound on a
mouse that has symptoms of the pathological condition is compared with 1ts effect on an

adenosine A2A knockout mouse that has corresponding symptoms. If the compound 1is
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only effective in the mouse that has adenosine A2A receptors 1t 1s concluded that the

compound 1s exerting its effect via adenosine A2A receptors.

Pro-drugs of the invention are believed give rise, in vivo, to active metabolites that are
much more effective at low doses than other adenosine receptor agonists. Thus, it 1s
expected that pro-drugs of the invention can be effectively administered at doses at which
they have reduced probability and severity of side effects, or at which side effects are not
observed. Such compounds provide significant advantages over the vast majority of other
adenosine receptor agonists which only have anti-inflammatory effects at the same

concentrations at which serious side effects are observed.

Compounds of the invention may alternatively or additionally have reduced probability

and severity of side effects compared to other adenosine receptor agonists.

It 1s also believed that pro-drugs of the invention may be effective as disease-modifying
anti-rheumatic drugs (DMARDs), in particular for use in the prevention, treatment, or

amelioration of rheumatoid arthritis, and possibly other arthropathies such as osteoarthritis.

Medications used to treat rheumatoid arthritis (RA) can be divided into two groups: those
that help relieve RA symptoms; and those that help modify the disease. Drugs that help to
relieve RA symptoms include nonsteroidal anti-inflammatory drugs (NSAIDs) that relieve
pain and reduce inflammation 1n the affected joints, analgesics (such as acetaminophen and
narcotic pain medications) that relieve pain but do not slow joint damage or reduce

inflammation, and corticosteroids that are anti-inflammatory drugs.

DMARDs help to improve RA symptoms (such as joint swelling and tenderness), but also
slow the progression of joint damage caused by RA. Thus, while there 1s no cure for RA,
DMARDs help to slow the progression of RA. In the past DMARDs were usually used to
treat RA after NSAID therapy failed. However, DMARDs are now beginning to be used
carlier 1n the course of RA because studies have suggested that early intervention with

DMARDs offers important benefits. DMARDs and NSAIDs are often used in combination

with each other.
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Results from clinical studies have shown that known DMARDs slow the progression of
RA. After 6 months of treatment, the rate of bone and cartilage damage had already started
to slow 1n patients joints. After 1 year, ptients showed very little progression of joint
damage, and after 2 years X rays showed that few patients in the study had newly damaged

joints during the second year of treatment.

Examples of known DMARDs include sulphasalazine, penicillamine, chloroquine,
hydroxychloroquine, gold (by intranuscular injection or orally as auranofin), methotrexate,
cyclosporin, azathioprine, cyclophosphamide, leflunomide. More recently biological
DMARDs have been developed which inhibit tumour necrosis factor alpha (TNF alpha).
One example 1s Humira® which 1s indicated for reducing signs and symptoms and
inhibiting the progression of structural damage 1n adults with moderately to severely active

RA who have had an madequate response to one or more DMARDs. Humira® 1s an anti-

TNF alpha antibody.

Many of the known DMARDSs cause serious side effects. Consequently, 1t 1s desired to

provide new DMARDs that can be administered with minimal side effects.

WO 2005/084653 shows the ability of spongosine to reduce phorbol ester induced TNFE
alpha release in U937 human macrophage cells. On this basis, 1t 1s believed that

spongosine and related compounds of the invention also have DMARD activity.

According to the mvention there 1s provided use of a pro-drug of the mvention in the
manufacture of a medicament for slowing the progression of arthropathy. There 1s also
provided according to the imnvention a method of slowing the progression of arthropathy,

which comprises administering a pro-drug of the invention to a subject in need thereof.

Preferably the progression of RA 1s slowed, and in particular the progression of joint
damage caused by RA. A compound of the invention may be administered to the subject at
any stage in the course of RA. A compound of the invention may be administered in

combination with one or more NSAIDs or other DMARDs.
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Pro-drugs of the invention are believed to give rise, in vivo, to active metabolites that are
ctfective as DMARDs even when the pro-drugs are administered at doses expected to give
plasma concentrations of the active metabolites well below those known to activate
adenosine receptors. At these doses, 1t 1s believed that the active metabolites do not cause
the significant side effects associated with administration of higher doses of spongosine, or

other adenosine receptor agonists.

A particular advantage of use of pro-drugs of the mmvention as DMARDs 1is that it 1s
believed that they will be orally active, in contrast to anti-TNF alpha antibodies which

must be injected.

It has also been appreciated that pro-drugs of the invention may give rise, in vivo, to active
metabolites that may be effective in preventing, treating, or ameliorating macro and micro
vascular complications of type 1 or 2 diabetes (including retinopathy, nephropathy,
autonomic neuropathy), or blood vessel damage caused by ischaemia (either diabetic or

otherwise) or atherosclerosis (either diabetic or otherwise).

According to the ivention, there 1s provided use of a pro-drug of the invention in the
manufacture of a medicament for the prevention, treatment, or amelioration of macro or
micro vascular complications of type 1 or 2 diabetes, retinopathy, nephropathy, autonomic
neuropathy, or blood vessel damage caused by 1schaecmia or atherosclerosis. According to
the mnvention there 1s also provided a method of preventing, treating, or ameliorating macro
or micro vascular complications of type 1 or 2 diabetes, retinopathy, nephropathy,
autonomic neuropathy, or blood vessel damage caused by 1schaemia or atherosclerosis, 1n a
subject 1n need of such prevention, treatment, or amelioration, which comprises

administering a pro-drug of the invention to the subject.

Pro-drugs of the mvention are believed to be effective in prevention, treatment, or
amelioration of macro or micro vascular complications of type 1 and 2 diabetes, including
retinopathy, nephropathy, autonomic neuropathy, or blood vessel damage caused by
1schaemia or atherosclerosis (either diabetic or otherwise)) even when the pro-drugs are
administered at doses expected to give plasma concentrations of the active metabolites

resulting in vivo, well below those known to activate adenosine receptors. At these doses, it
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1s believed that the compounds do not cause the significant side effects associated with

administration of higher doses of adenosine receptor agonists.

Pro-drugs of the invention are also believed to be effective in the promotion of wound
healing. According to the invention there 1s provided use of a pro-drug of the invention in
the manufacture of a medicament for the promotion of wound healing. There 1s also
provided according to the invention a method of promoting wound healing 1n a subject,

which comprises administering a pro-drug of the invention to the subject.

The amount of a pro-drug of the invention that 1s administered to a subject 1s preferably an
amount which gives rise to a peak plasma concentration of the active metabolite resulting

in vivo, that 1s less than the EC5( value of the compound at adenosine receptors (preferably

at pH 7.4).

It will be appreciated that the EC5 value of the active metabolite 1s likely to be different

for different adenosine receptors (1.. the Al, A2A, A2B, A3 adenosine receptors). The
amount of the pro-drug that 1s to be administered should be calculated relative to the

lowest ECsq value of the active metabolite at the different receptors.

Thus, preferably the amount of a pro-drug of the invention that 1s administered to a subject
should be an amount which gives rise to a peak plasma concentration of the active

metabolite resulting in vivo, that 1s less than the lowest EC5( value of the active metabolite

at adenosine receptors.

Preferably the peak plasma concentration of the active metabolite resulting in vivo
following dosing of the pro-drug, 1s one ten thousandth to one half (or one ten thousandth
to one fifth, or one ten thousandth to one twentieth, or one ten thousandth to one
hundredth, or one ten thousandth to one thousandth, or one thousandth to one half, or one
thousandth to one fifth, or one thousandth to one twentieth, or one fiftieth to one tenth, or
one hundredth to one half, or one hundredth to one fifth, or one fiftieth to one third, or one
fiftieth to one half, or one fiftieth to one fifth, or one tenth to one half, or one tenth to one

fifth) of the lowest EC5q value.
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Preferably the amount of a pro-drug of the invention that 1s administered gives rise to a
plasma concentration of the active metabolite resulting in vivo, that 1s maintained for more
than one hour at one ten thousandth to one half (or one ten thousandth to one fifth, or one
ten thousandth to one twentieth, or one ten thousandth to one hundredth, or one ten
thousandth to one thousandth, or one thousandth to one half, or one thousandth to one fifth,
or one thousandth to one twentieth, or one fifticth to one tenth, or one hundredth to one
half, or one hundredth to one fifth, or one fiftieth to one half, or one fiftieth to one fifth, or

one tenth to one half, or one tenth to one fifth) of the lowest ECs, value of the active

metabolite at adenosine receptors.

Preferably the amount of the pro-drug administered gives rise to a plasma concentration of
the active metabolite resulting in vivo that 1s maintained for more than one hour between
one thousandth and one half, or one thousandth and one fifth, or one thousandth and one
twentieth, or one hundredth and one half, or one hundredth and one fifth, or one fiftieth

and one half, or one fiftieth and one fifth, of the ECsy value of the active metabolite at

adenosine receptors at pH 7.4.

For the avoidance of doubt, the ECs5y value of a compound 1s defined herein as the

concentration of the compound that provokes a receptor response halfway between the
bascline receptor response and the maximum receptor response (as determined, for

example, using a dose-response curve).

The EC5q value should be determined under standard conditions (balanced salt solutions
buffered to pH 7.4). For EC5 determinations using 1solated membranes, cells and tissues

this would be 1n buffered salt solution at pH 7.4 (e.g. cell culture medium), for example as
in Daly et al., Pharmacol. (1993) 46, 91-100), or preferably as in Tilburg et a/ (J. Med.
Chem. (2002) 45, 91-100). The ECsy could also be determined in vivo by measuring

adenosine receptor mediated responses in a normal healthy animal, or even 1n a tissue
perfused under normal conditions (1.e. oxygenated blood, or oxygenated 1sotonic media,

also buffered at pH 7.4) in a normal healthy animal.
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Alternatively, the amount of a pro-drug of the invention that is administered may be an
amount that results 1n a peak plasma concentration of the active metabolite resulting in

vivo, that 1s less than the lowest or highest Ky value of the compound at adenosine
receptors (1.€. less than the lowest or highest K4 value of the compound at A1, A2A, A2B,

and A3 adenosine receptors). Preferably the peak plasma concentration of the active
metabolite, 1s one ten thousandth to one half (or one ten thousandth to one fifth, or one ten
thousandth to one twentieth, or one ten thousandth to one hundredth, or one ten thousandth
to one thousandth, or one thousandth to one half, or one thousandth to one third, or one
thousandth to one fifth, or one thousandth to one twentieth, or one fifticth to one tenth, or
one hundredth to one half, or one hundredth to one fifth, or one fiftieth to one half, or one
fiftiecth to one fifth, or one tenth to one half, or one tenth to one fifth) of the lowest or

highest K value.

Preferably the amount of the pro-drug that 1s administered 1s an amount that results 1in a
plasma concentration of the active metabolite resulting in vivo, that 1s maintained for at
least one hour between one thousandth and one half, or one thousandth and one fifth, more
preferably between one thousandth and one twentieth, or one hundredth and one half, or
one hundredth and one fifth, or one fiftieth and one half, or one fiftieth and one fifth, of the

K4 value of the active metabolite at adenosine receptors.

Preferably the amount of the pro-drug that is administered 1s an amount that results 1n a
plasma concentration of the active metabolite resulting in vivo, that 1s maintained for more
than one hour at one ten thousandth to one half (or one ten thousandth to one fifth, or one
ten thousandth to one twentieth, or one ten thousandth to one hundredth, or one ten
thousandth to one thousandth, or one thousandth to one half, or one thousandth to one fifth,
or on¢ thousandth to one twentieth, or one fifticth to one tenth, or one hundredth to one
half, or one hundredth to one fifth, or one fiftieth to one half, or one fiftieth to one fifth, or
one fifticth to one third, or one tenth to one half, or one tenth to one fifth) of the lowest or

highest K4 value of the active metabolite at adenosine receptors.

The K4 value of the active metabolite, resulting in vivo following administration of the pro-

drug, at cach receptor should be determined under standard conditions using plasma
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membranes as a source of the adenosine receptors derived either from tissues or cells
endogenously expressing these receptors or from cells transfected with DNA vectors
encoding the adenosine receptor genes. Alternatively whole cell preparations using cells
expressing adenosine receptors can be used. Labeled ligands (e.g. radiolabeled) selective
for the different receptors should be used in buffered (pH 7.4) salt solutions (see e.g.
Tilburg ef al, J. Med. Chem. (2002) 45, 420-429) to determine the binding affinity and thus

the K4 of the active metabolite at each receptor.

Alternatively, the amount of a pro-drug of the invention that 1s administered may be an
amount that 1s one ten thousandth to one half (or one ten thousandth to one fifth, or one ten
thousandth to one twentieth, or one ten thousandth to one hundredth, or one ten thousandth
to one thousandth, or one thousandth to one half, or one thousandth to one fifth, or one
thousandth to one twentieth, or one fifticth to one tenth, or one hundredth to one half, or
one hundredth to one fifth, or one fiftieth to one half, or one fiftieth to one third, or one
fiftieth to one fifth, or one tenth to one half, or one tenth to one fifth) of the minimum
amount (or dose) of the pro-drug that gives rise to bradycardia, hypotension or tachycardia
side effects in animals of the same species as the subject to which the compound 1s to be
administered. Preferably the amount of the pro-drug administered gives rise to a plasma
concentration of the active metabolite resulting in vivo, that 1s maintained for more than
one hour at one ten thousandth to one half (or one ten thousandth to one fifth, or one ten
thousandth to one twentieth, or one ten thousandth to one hundredth, or one ten thousandth
to onec thousandth, or one thousandth to one half, or one thousandth to one fifth, or one
thousandth to one twentieth, or one fifticth to one tenth, or one hundredth to one half, or
one hundredth to one fifth, or one fifticth to one half, or one fiftieth to one fifth, or one
tenth to one half, or one tenth to one fifth) of the mimmimum amount of the active metabolite

that gives rise to the side effects.

Preferably the amount of the pro-drug administered gives rise to a plasma concentration of
the active metabolite resulting in vivo, that 1s maintained for more than 1 hour between one
thousandth and one half, or one thousandth and one twentieth, or one hundredth or one
fiftieth and one half, or one hundredth or one fifticth and one fifth of the mimnimum dose

that gives rise to the side effects.
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Alternatively, the amount of a pro-drug of the invention that 1s administered may be an
amount that gives rise to a plasma concentration of the active metabolite resulting in vivo,
that 1s one ten thousandth to one half (or one ten thousandth to one fifth, or one ten
thousandth to one twentieth, or one ten thousandth to one hundredth, or one ten thousandth
to one thousandth, or one thousandth to one half, or one thousandth to one fifth, or one
thousandth to one twentieth, or one fifticth to one tenth, or one hundredth to one half, or
one hundredth to one fifth, or one fiftieth to one half, or one fiftieth to one third, or one
fiftieth to one fifth, or one tenth to one half, or one tenth to one fifth) of the minimum
plasma concentration of the active metabolite that causes bradycardia, hypotension or
tachycardia side effec<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>