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Figure 1: IOP in unconscious rats, after topical administration of 10mg/ml Example 1, 10mg/ml N'- 
Cyclopentyladenosine or control 
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Figure 2: Blood pressure in conscious rats after topical administration of 10mg/ml Example 1 or 
10mg/ml N'-Cyclopentyladenosine 
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ADENOSINE A1 AGONSTS FOR THE 
TREATMENT OF GLAUCOMIA AND OCULAR 

HYPERTENSION 

0001. The present invention relates to selective adenosine 
A1 agonists, in particular the dicyanopyridines of formula (I), 
for the use in a method for the treatment and/or prophylaxis of 
glaucoma, normotensive glaucoma, ocular hypertension and/ 
or combinations thereofas well as the their use for the pro 
duction of a medicament for the treatment and/or prophylaxis 
of glaucoma, normotensive glaucoma, ocular hypertension 
and/or combinations thereof. 

BACKGROUND OF THE INTERVENTION 

0002 Glaucoma is a degenerative disease comprising a 
group of debilitating eye diseases that are a leading cause of 
permanent loss of visual function due to irreversible damage 
to the optical nerve. Glaucoma refers further to a disease of 
the eye, characterized and caused by damage of the optic 
nerve head, degeneration of ocular tissues, and/or elevated 
intraocular pressure. There are several functionally or mor 
phologically distinct types of glaucoma which in general are 
accompanied by elevated intraocular pressure (IOP). 
0003. The increased IOP is considered to be causally 
related to the pathological progress of the disease. In patients 
with ocular hypertension intraocular pressure is elevated but 
no apparent loss of visual function has occurred. These 
patients are considered to be at high risk for a potential devel 
opment of visual loss associated with glaucoma. Some 
patients which show a glaucomatous vision field loss have a 
normal to low intraocular pressure. These so called normo 
tension or low tension glaucoma patients can also benefit 
form agents that decrease intraocular pressure. The loss of 
visual function and the progressive deterioration associated 
with glaucoma and ocular hypertension can generally be 
ameliorated with medications that reduce elevated intraocu 
lar hypertension when glaucoma or ocular hypertension is 
detected early. 
0004 Glaucoma—on the basis of its etiology—refers also 
to primary or secondary glaucoma. Primary glaucoma in 
adults (congenital glaucoma) may be either open-angle or 
acute or chronic angle-closure. 
0005 Primary glaucoma is characterized by increased 
intraocular tension which is due to the obstruction of aqueous 
humor outflow. In chronic open-angle glaucoma (POAG), the 
anterior chamber and its anatomic structures appear normal, 
but drainage of the aqueous humor is hampered. In acute or 
chronic angle-closure, the filtration angle is narrowed, the 
anterior chamber is shallow and the iris may obstruct the 
trabecular meshwork at the entrance of the canal of Schlemm. 
Dilation of the pupil may push the root of the iris forward 
against the angle, and may produce pupilary block and thus 
precipitate an acute attack. A predisposion to acute angle 
closure glaucoma attacks with various degrees of severity is 
know in patients eyes with narrow anterior chamber angles 
0006 Secondary glaucoma is characterized and caused by 
any interference which effects the flow of aqueous humor 
from the posterior chamber into the anterior chamber and 
Subsequently, into the canal of Schlemm. Also inflammatory 
disease of the anterior segment may inhibit aqueous outflow 
by causing complete posterior Synechia in iris bombe and 
may plug the drainage channel with exudates. Other common 
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causes are intraocular tumors, enlarged cataracts, central reti 
nal vein occlusion, trauma to the eye, operative procedures 
and intraocular hemorrhage. 
0007. Several therapies for treating glaucoma or ocular 
hypertension have been proven to be effective in clinical 
practice via reduction of IOP by lowering aqueous humor 
production or by increasing outflow facility. Many of the used 
drugs are administrated topically direct to the eye or orally. 
However a relevant amount of patients do not respond to the 
current existing glaucoma treatment options. In addition a 
significant amount of patients face side effects like local 
intolerance and allergic reactions, Subconjunctival hyper 
emia, miosis or uveitis which lead to cessation of the glau 
coma therapy. Therefore the need of new and innovative 
therapeutic agents which control IOP is given. Since glau 
coma is caused by progressive damage to the optic nerve head 
in particular additional neuroprotective effects in the eye 
would be beneficial. 
0008 Thus intense research efforts are currently ongoing 
for new glaucoma therapies with improved efficacy and 
reduced side effect profile. 
0009 Adenosine, a purine nucleoside, is an ubiquitous 
modulator of numerous physiological activities which is 
mediated by specific cell Surface receptors. Adenosine is 
formed intracellularly as an intermediate during the degrada 
tion of adenosine 5'-monophosphate (AMP) and S-adenosyl 
homocysteine, but it can be released from the cell, in which 
case it acts as a hormone-like Substance or neurotransmitter 
by binding to specific receptors. 
0010. The first identified biological action of adenosine 
was the effect on heart rate, atrioventricular conduction and 
blood pressure (Lit. 1). Since then it has been reported that 
adenosine is involved in many physiological processes and 
that these effects are mainly mediated by four known sub 
types of adenosine receptors—referred to as A1, A2a, A2b 
and A3—each of which has a unique pharmacological profile, 
tissue distribution and effector coupling (Lit.2). According to 
the invention, "adenosine-receptor-selective ligands' are 
substances which bind selectively to one or more subtypes of 
the adenosine receptors, thus either mimicking the action of 
adenosine (adenosine agonists) or blocking its action (ad 
enosine antagonists). 
0011. The actions of these adenosine receptors are medi 
ated intracellularly by the messenger cAMP. In the case of the 
binding of adenosine to the A2a or A2b receptors, the intra 
cellular cAMP is increased via activation of the membrane 
bound adenylate cyclase, whereas binding of adenosine to the 
A1 or A3 receptors results in a decrease of the intracellular 
cAMP concentration via inhibition of adenylate cyclase. 
0012. In the cardiovascular system, the main conse 
quences of the activation of adenosine receptors are: brady 
cardia, negative inotropism and protection of the heart against 
ischemia (“preconditioning) via A1 receptors, dilation of the 
blood vessels via A2a and A2b receptors and inhibition of the 
fibroblasts and smooth-muscle-cell proliferation via A2b 
receptors. In the case of A1 agonists (coupling preferably via 
G, proteins), a decrease of the intracellular cAMP concentra 
tion is observed (preferably after direct prestimulation of 
adenylate cyclase by forskolin). Correspondingly, A2a and 
A2b agonists (coupling preferably via G, proteins) leads to an 
increase and A2a and A2b antagonists to a decrease of the 
cAMP concentration in the cells. In the case of A2 receptors, 
a direct prestimulation of adenylate cyclase by forskolin is of 
no benefit. 
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0013 The development of many subtype specific adenos 
ine receptor agonists or antagonists have been described and 
tested in clinical trails for many different diseases e.g. cardiac 
arrhythmias, neuropathic pain, myocardial perfusion imag 
ing, inflammatory diseases and colon cancer (Lit. 3,4). 
0014 Inhumans, activation of A1 receptors by specific A1 
agonists leads to a frequency-dependent lowering of the heart 
rate, without any effect on blood pressure. Selective A1 ago 
nists may thus be suitable interalia for treating angina pec 
toris and atrial fibrillation. 
0015 The cardioprotective action of the A1 receptors in 
the heart may be utilized inter alia by activating these A1 
receptors with specific A1 agonists for treatment and organ 
protection in cases of acute myocardial infarction, acute coro 
nary syndrome, heart failure, bypass operations, heart cath 
eter examinations and organ transplantations. 
0016 For the adenosine A1 receptor several subtype spe 

cific agonists have been reported like NNC-21-0126, 
GR79236, selodenoson and capadenoson which have been 
reported to be in clinical development (Lit. 5). Also the effect 
ofadenosine A1 receptoragonists on intraocular pressure has 
been intensively studied and characterized. It was shown that 
two relatively selective adenosine A1 agonists N6-cyclo 
hexyl-adenosine (CHA) and R(-)-N-6-(2-phenylisopropyl) 
adenosine (R-PIA) lower intraocular pressure in rabbits (Lit. 
6.7.8) and cynomolgus monkeys (Lit. 9). However the use of 
adenosine A1 agonists as therapeutic drugs for glaucoma or 
ocular hypertension is significantly limited by the effects on 
hemodynamic parameters as it is known that adenosine A1 
agonists are crucially involved in heart rate and blood pres 
Sure regulation (Lit. 10). 
0017 Substituted 3,5-dicyano-4-phenylpyridines and 
their prodrugs as potent and selective adenosine A1 agonists 
are disclosed in WO 03/53441, WO 2009/015776, WO 2009/ 
015811, WO 2009/015812, WO 2010/072314, WO 2010/ 
O72315 and WO 2010/0861O1. 
0018. The object of the present invention is to provide an 
effective therapeutic agent for the treatment and/or 
prophalxis of glaucoma and/or ocular hypertension without 
showing the above mentioned side effects. 
0019 Surprisingly, it has now been found that the dicyan 
opyridines of formula (I) lower intraocular pressure without 
effecting hemodynamics and are thus Suitable for the produc 
tion of medicaments for the treatment and/or prophylaxis of 
glaucoma and ocular hypertension. 
0020. The present invention relates to compounds of for 
mula (I) 

(I) 

O 

r- NR 
R2 

NC CN 
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in which 
A is oxygen or Sulfur, 
R" is hydrogen or a group of the formula 

O R7 R10 

0021 in which 
0022 it is the attachment to the oxygen-atom, 
I0023 L is linear (C-C)-alkanediyl. 
0024 L is linear (C-C)-alkanediyl, 
0.025 Rand Rare identical or different and indepen 
dently selected from the group consisting of hydrogen or 
a a side group of a natural O-amino acid or its homo 
logues or isomers, 

0026 RandR are independently selected from hydro 
gen or methyl, 

0027 R’ is hydrogen or (C-C)-alkyl, or 
0028 R7 and R form together with the atoms which 
they are attached to a pyrrolidine- or piperidine-ring, 

0029) R' and R'' are identical or different and are inde 
pendently selected from hydrogen or 
0030 wherein (C-C)-alkyl may be substituted with 
one group selected from hydroxy, (C-C)-alkoxy, 
amino, mono-(C-C)-alkylamino or di-(C-C)- 
alkylamino, or 

0.031) R' and R form together with the atoms which 
they are attached to a pyrrolidine- or piperidine-ring, and 

I0032) R' is hydrogen or hydroxycarbonyl, 
R’ is hydrogen or a group of the formula —CHOR', 
0033 wherein R' is defined as above, 
R is hydrogen, methyl or ethyl, 
R" is hydrogen, methyl or ethyl, or 
RandR form together with the nitrogen-atom, which they 
are bound to, a azetidine-pyrrolidine- or piperidine-ring, 

0034 wherein the azetidine-pyrrolidine- or piperidine 
ring may be substituted with one or 2 substituents inde 
pendently selected from the group fluoro, trifluorom 
ethyl, methyl, ethyl, methoxy and ethoxy, 

and its salts, Solvates and Solvates of the salts, 
for the use in a method treatment and/or prophylaxis of glau 
coma, normotensive glaucoma, ocular hypertension and/or 
combinations thereof. 
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0035. In a preferred embodiment the present invention 
relates to compounds of formula (I), in which 
A is sulfur, 
R" is a group of the formula 

R5 R6 

it. R11, it. L R11 

r nN.1" 
O R10 O 

R5 R6 Q 
it. N 

NRI O 

O 7 R8 R' 
O R10 

N'S ni 
O R8 R9 

0036 in which 
0037 it is the attachment to the oxygen-atom, 
0038 L' is ethane-1,2-diyl. 
I0039 R is hydrogen, methyl, propane-2-yl, 1-methyl 

propane-1-yl, 2-methylpropane-1-yl, hydroxymethyl or 
1-hydroxymethyl, 

0040 R is hydrogen, 
I0041) R' is hydrogen, 
I0042 R is hydrogen, methyl, propan-2-yl, 1-methyl 

propan-1-yl, 2-methylpropan-1-yl, imidazol-4-ylm 
ethyl, hydroxymethyl, hydroxyethyl, 2-carboxyethyl, 
4-aminobutan-1-yl or 2-aminoethyl, 

0043 R’ is hydrogen, 
0044) R' is hydrogen, 
0045 R'' is hydrogen, or 
0046) R' and R form together with the atoms which 
they are attached to a pyrrolidine-ring, 

R’ is hydrogen, 
R is hydrogen, 
R" is hydrogen, or 
RandR form together with the nitrogen-atom, which they 
are bound to, a azetidine-pyrrolidine- or piperidine-ring, 
and its salts, Solvates and Solvates of the salts, 
for the use in a method treatment and/or prophylaxis of glau 
coma, normotensive glaucoma, ocular hypertension and/or 
combinations thereof. 
0047. In a preferred embodiment the present invention 
also relates to compounds of formula (I), in which 
A is sulfur, 
R" is a group of the formula 

0048 in which 
0049 it is the attachment to the oxygen-atom, 
I0050 R is hydrogen, methyl, propan-2-yl, 2-methyl 

propan-1-yl, benzyl, hydroxymethyl or 1-hydroxyethyl, 
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0051 R is hydrogen, 
0.052 R is hydrogen, 
I0053 R is hydrogen, methyl, propan-2-yl, 1-methyl 

propan-1-yl, 2-methylpropan-1-yl, imidazol-4-ylm 
ethyl, 4-aminobutan-1-yl, 2-aminoethyl, 3-aminopro 
pan-1-yl, aminomethyl or 3-guanidinopropan-1-yl, 

0054 R is hydrogen, 
0055) R' is hydrogen, 
0056 R'' is hydrogen, 

R’ is hydrogen, 
R is hydrogen, 
R" is hydrogen, 
and its salts, Solvates and Solvates of the salts, 
for the use in a method treatment and/or prophylaxis of glau 
coma, normotensive glaucoma, ocular hypertension and/or 
combinations thereof. 
0057. In a preferred embodiment the present invention 
relates to a compound of the formula (I) selected from: 
0058 2-4-2-Amino-6-(2-(4-chlorophenyl)-1,3-thia 
zol-4-yl)methylsulfanyl)-3,5-dicyanopyridin-4-yl)- 
phenoxyethyl-L-lysyl-D-alaninate-Dihydrochloride, 

0059 2-4-2-Amino-6-(2-(4-chlorophenyl)-1,3-thia 
zol-4-yl)methylsulfanyl)-3,5-dicyanopyridin-4-yl)- 
phenoxyethyl-L-arginyl-D-alaninate-Dihydrochloride, 

0060 2-4-2-Amino-6-(2-(4-chlorophenyl)-1,3-thia 
zol-4-yl)methylsulfanyl)-3,5-dicyanopyridin-4-yl)- 
phenoxyethyl-L-lysyl-D-valinate-Dihydrochloride, 

0061 2-4-2-Amino-6-(2-(4-chlorophenyl)-1,3-thia 
zol-4-yl)methylsulfanyl)-3,5-dicyanopyridin-4-yl)- 
phenoxyethyl-L-arginyl-D-valinate-Dihydrochloride, 

0062 2-4-2-Amino-6-(2-(4-chlorophenyl)-1,3-thia 
zol-4-yl)methylsulfanyl)-3,5-dicyanopyridin-4-yl)- 
phenoxyethyl-L-lysyl-D-phenylalaninate-Dihydrochlo 
ride, 

0063 2-4-2-(AZetidin-1-yl)-6-({2-(4-chlorophenyl)- 
1,3-thiazol-4-yl)methylsulfanyl)-3,5-dicyanopyridin-4- 
ylphenoxyethyl-beta-alaninate-Trifluoroacetate, 

0064. 2-4-2-(AZetidin-1-yl)-6-({2-(4-chlorophenyl)- 
1,3-thiazol-4-yl)methylsulfanyl)-3,5-dicyanopyridin-4- 
ylphenoxyethyl-L-ornithinate-Bis(trifluoroacetate), 

0065 2-4-2-(AZetidin-1-yl)-6-({2-(4-chlorophenyl)- 
1,3-thiazol-4-yl)methylsulfanyl)-3,5-dicyanopyridin-4- 
ylphenoxyethyl-L-lysyl-L-alaninate-Bis(trifluoroac 
etate), 

0066 2-4-2-((2-(4-Chlorophenyl)-1,3-thiazol-4-yl) 
methylsulfanyl)-3,5-dicyano-6-(pyrrolidin-1-yl)pyridin 
4-yl)phenoxyethyl-L-alanyl-L-alaninate-Hydrochloride, 

0067 2-4-2-((2-(4-Chlorophenyl)-1,3-thiazol-4-yl) 
methylsulfanyl)-3,5-dicyano-6-(pyrrolidin-1-yl)pyridin 
4-yl)phenoxyethyl-L-isoleucyl-L-alaninate-Hydrochlo 
ride, 

0068 2-4-2-((2-(4-Chlorophenyl)-1,3-thiazol-4-yl) 
methylsulfanyl)-3,5-dicyano-6-(pyrrolidin-1-yl)pyridin 
4-yl)phenoxyethyl-glycyl-L-leucinate-Hydrochloride, 

for the use in a method treatment and/or prophylaxis of glau 
coma, normotensive glaucoma, ocular hypertension and/or 
combinations thereof. 
0069. In a preferred embodiment the present invention 
also relates to compounds of formula (I), in which 
R is hydrogen, 
R" is hydrogen, 
and its salts, Solvates and Solvates of the salts, 
for the use in a method treatment and/or prophylaxis of glau 
coma, normotensive glaucoma, ocular hypertension and/or 
combinations thereof. 
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0070. In a preferred embodiment the present invention 
also relates to compounds of formula (I), in which 
Rand R' form together with the nitrogen-atom, which they 
are bound to, a azetidine-pyrrolidine- or piperidine-ring, 
and its salts, Solvates and Solvates of the salts, 
for the use in a method treatment and/or prophylaxis of glau 
coma, normotensive glaucoma, ocular hypertension and/or 
combinations thereof. 
0071. The compounds of formula (I), their production and 
their action as potent and selective adenosine A1 agonists are 
disclosed in WO 03/53441, WO 2009/015776, WO 2009/ 
015811, WO 2009/015812, WO 2010/072314, WO 2010/ 
072315 and WO 2010/086101 respectively. The compounds 
mentioned in WO 03/53441, WO 2009/015776, WO 2009/ 
015811, WO 2009/015812, WO 2010/072314, WO 2010/ 
072315 and WO 2010/086101 in general and especially the 
compounds specifically are explicit part of the description of 
the present invention. 
0072 Depending on the substitution pattern, the com 
pounds of the formula (I) can exist in Stereoisomeric forms, 
which behave eitheras image and mirror image (enantiomers) 
or which do not behave as image and mirror image (diastere 
omers). The invention relates both to the use of the enanti 
omers or diastereomers and to their respective mixtures. Just 
like the diastereomers, the racemic forms can be separated 
into the stereoisomerically uniform constituents in a known 
manner Equally, the present invention also relates to the use 
of the other tautomers of the compounds of the formula (I) 
and their salts. 
0073 Salts of the compounds of the formula (I) can be 
physiologically acceptable salts of the Substances according 
to the invention with mineral acids, carboxylic acids or Sul 
fonic acids. Particularly preferred salts are, for example, 
those with hydrochloric acid, hydrobromic acid, sulfuric 
acid, phosphoric acid, methanesulfonic acid, ethanesulfonic 
acid, toluenesulfonic acid, benzenesulfonic acid, naphtha 
lenedisulfonic acid, trifluoroacetic acid, acetic acid, propi 
onic acid, lactic acid, tartaric acid, citric acid, fumaric acid, 
maleic acid or benzoic acid. 
0074 The compounds of the present invention appear 
preferably as hydrochlorides or trifluoroacetates. 
0075 Salts which can be mentioned are also salts with 
customary bases, such as, for example, alkali metal salts (e.g. 
Sodium or potassium salts), alkaline earth metal salts (e.g. 
calcium or magnesium salts) or ammonium salts, derived 
from ammonia or organic amines such as, for example, 
diethylamine, triethylamine, ethyldiisopropylamine, 
procaine, dibenzylamine, N-methylmorpholine, dihydro-abi 
etylamine, 1-ephenamine or methylpiperidine. 
0076 Hydrates or solvates are designated according to the 
invention as those forms of the compounds of the formula (I) 
which in the Solid or liquid state form a molecular compound 
or a complex by hydration with water or coordination with 
Solvent molecules. Examples of hydrates are sesqui-hydrates, 
monohydrates, dihydrates or trihydrates. Equally, the 
hydrates or Solvates of salts of the compounds according to 
the invention are also suitable. 
0077. In the context of the present invention, the substitu 
ents, unless stated otherwise, have the following meaning: 
Alkyl is in the context of the invention a straight-chain or 
branched alkyl radical having 1 to 4 carbon atoms. The fol 
lowing radicals may be mentioned by way of example and by 
way of preference: methyl, ethyl, n-propyl, isopropyl. n-bu 
tyl, isobutyl, sec-butyl and tert-butyl. 
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Alkanediyl is in the context of the invention a straight-chain 
or branched divalent alkyl radical having 1 to 4 carbonatoms. 
Examples which may be preferably mentioned are: ethane-1, 
2-diyl (1.2-ethylene), ethane-1,1-diyl, propane-1,3-diyl (1,3- 
propylene), propane-1,1-diyl, propane-1,2-diyl, propane-2, 
2-diyl, butane-1,4-diyl (1,4-butylene), butane-1,2-diyl. 
butane-1,3-diyl, butane-2,3-diyl. 
Alkoxy is in the context of the invention a straight-chain or 
branched alkoxy radical having 1 to 4 carbon atoms. The 
following radicals may be mentioned by way of example and 
by way of preference: methoxy, ethoxy, n-propoxy, isopro 
poxy, n-butoxy and tert-butoxy. 
Mono- or di-(C-C)-alkylamino is in the context of the 
invention an amino group having one or having two identical 
or different straight-chain or branched alkyl substituents, 
which in each case contain 1 to 4 carbon atoms. For example, 
the following may be mentioned: methylamino, ethyl-amino, 
n-propylamino, isopropylamino, t-butylamino, N,N-dim 
ethylamino, N,N-diethylamino, N-ethyl-N-methylamino, 
N-methyl-N-n-propylamino, N-isopropyl-N-n-propylamino 
and N-t-butyl-N-methylamino 
0078. The side group of an O-amino acid in the meaning of 
Rencompasses both the side groups of naturally occurring 
C.-amino acids and the side groups of homologs and isomers 
of these O-amino acids. The C-amino acid may in this con 
nection have both the L and the D configuration or else be a 
mixture of the L form and D form. Examples of side groups 
which may be mentioned are: methyl (alanine), propan-2-yl 
(valine), propan-1-yl (norvaline), 2-methylpropan-1-yl (leu 
cine), 1-methylpropan-1-yl (isoleucine), butan-1-yl (norleu 
cine), tert-butyl (2-tert-butylglycine), phenyl (2-phenylgly 
cine), benzyl (phenylalanine), p-hydroxybenzyl (tyrosine), 
indol-3-ylmethyl (tryptophan), imidazol-4-ylmethyl (histi 
dine), hydroxymethyl (serine), 2-hydroxyethyl (ho 
moserine), 1-hydroxyethyl (threonine), mercaptomethyl 
(cysteine), methylthiomethyl (S-methylcysteine), 2-mercap 
toethyl (homocysteine), 2-methylthioethyl (methionine), car 
bamoylmethyl (asparagine), 2-carbamoylethyl (glutamine), 
carboxymethyl (aspartic acid), 2-carboxyethyl (glutamic 
acid), 4-aminobutan-1-yl (lysine), 4-amino-3-hydroxybutan 
1-yl (hydroxylysine), 3-aminopropan-1-yl (ornithine), 
2-aminoethyl (2,4-diaminobutyric acid), aminomethyl (2,3- 
diaminopropionic acid), 3-guanidinopropan-1-yl (arginine), 
3-ureidopropan-1-yl (citrulline). Preferred C.-amino acid side 
groups in the meaning of Rare methyl(alanine), propan-2-yl 
(valine), 2-methylpropan-1-yl (leucine), benzyl (phenylala 
nine), imidazol-4-ylmethyl (histidine), hydroxymethyl 
(serine), 1-hydroxyethyl (threonine), 4-aminobutan-1-yl 
(lysine), 3-aminopropan-1-yl (ornithine), 2-aminoethyl (2,4- 
diaminobutyric acid), aminomethyl (2,3-diaminopropionic 
acid), 3-guanidinopropan-1-yl (arginine). The L configura 
tion is preferred in each case. 
007.9 The present invention relates to selective adenosine 
A1 agonists, in particular the dicyanopyridines of formula (I), 
for the use in a method for the treatment and/or prophylaxis of 
glaucoma, normotensive glaucoma, ocular hypertension and/ 
or combinations thereof. 

0080. The compounds of formula (I) act as selective 
adenosine A1 agonists and show a beneficial profile when 
administered topically to the eye, and are thus useful as an 
effective therapeutic agent for the treatment and/or prophy 
laxis of glaucoma and/or ocular hypertension. 
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0081. The present invention relates to compounds of for 
mula (I) for the use in a method for the treatment and/or 
prophylaxis of glaucoma and/or ocular hypertension. 
0082 Furthermore the present invention relates to com 
pounds of formula (I) for the use in a method for the treatment 
and/or prophylaxis of high IOP resulting from traumatic 
hyphema, orbital edema, postoperative visco-elastic reten 
tion, intraocular inflammation, corticosteroid use, pupillary 
block, or idiopathic causes. 
0083. In addition the compounds of formula (I) are useful 
for the treatment and/or prophylaxis of various ocular hyper 
tensive conditions. Such as post-Surgical and post-laser trab 
eculectomy ocular hypertensive episodes and as presurgical 
adjuncts. 
0084. The present invention further relates to a method of 
treating glaucoma, or other disease or disorder of the eye 
related to elevated intraocular pressure. 
0085. The present invention further relates to the use of 
compounds of formula (I) for the manufacture of medica 
ments for the treatment and/or prophylaxis of glaucoma and/ 
or ocular hypertension. 
I0086 A further subject of the present invention is a phar 
maceutical composition comprising a compound of the for 
mula (I). 
0087. A further subject of the present invention is the use 
of a combination of one or more compounds of the formula (I) 
with one or more other active compounds in a method for the 
treatment and/or prophylaxis of glaucoma, high IOP resulting 
from traumatic hyphema, orbital edema, postoperative visco 
elastic retention, intraocular inflammation, corticosteroid 
use, pupillary block, or idiopathic causes. Examples of Suit 
able combination active ingredients may for example and 
preferably be mentioned: 

I0088 alpha adrenergic agonist such as for example 
alphagan; iopidin, isoglaucon, catapres, aruclonin 

I0089 beta blocker such as for example timolol, timop 
tol, optimal, carteolol, ocupress, betoptic, betagan 

0090 carbonic anhydrase inhibitor such as for example 
dorzolamide, trusopt, diamox, Acetazolamid, brinZola 
mid, dorzolamid, dichlorphenamid, methazolamid. 

0091. Further disclosed herein is a method for the treat 
ment and/or prophylaxis of high IOP, including glaucoma, 
ocular hypertension, normotensive glaucoma or a combina 
tion thereof comprising administering an effective amount at 
least one compound of formula (I) or of a medicament com 
prising at least one compound of formula (I) in combination 
with an inert, non-toxic, pharmaceutically Suitable excipent 
to the eye. 
0092 Preferred administration route is topical administra 
tion to the eye. 
0093 Topical preparations of the invention include solu 

tions, sprays, lotions, gels, creams, powders, powder sprays, 
pastes, emulsions, foams and sticks which comprise the 
active ingredient of the formula (I), where appropriate also a 
plurality of active ingredients. 
0094 Suitable pharmaceutically-acceptable carriers for 
topical application include those Suited for use in lotions, 
creams, gels, Solutions, ointments, viscous solutions, eye 
drops, emulsions, gel-forming Solutions and the like. 
0095. The topically applicable preparations of the inven 
tion comprise 0.1 to 99%, preferably 0.5 to 20% by weight of 
active ingredient of the formula (I). 
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0096 Ointments comprise hydrocarbon gels, lipogels, 
absorption bases, W/O ointment bases, mixed emulsions or 
polyethylene glycols as base. 
0097 Gels comprise solvents such as water, ethanol, iso 
propanol or propylene glycol and are produced using gel 
formers such as cellulose ethers, alginates, polyacrylates, 
bentonite, gelatin, tragacanth, polyvinylpyrrolidone or poly 
vinyl alcohol. Lipophilic gel bases or microemulsions can 
also be used. 
0.098 Advantageously, the composition is sterile and can 
be in dosage unit form, e.g., Suitable for topical ocular use. 
The composition can be packaged in a form Suitable for 
metered application, Such as in container equipped with a 
dropper. 
0099. In a preferred embodiment, the composition is a 
Solution prepared using a physiological saline Solution as a 
carrier. The pH of the solution is, preferably, maintained 
between 4.5 and 8.0 using an appropriate buffer system. A 
neutral pH is more preferred. Compositions of the invention 
can also comprise pharmaceutically acceptable preservatives, 
stabilizers and/or surfactants. 
0100 For this purpose, the active compounds can be con 
Verted into the customary preparations in a manner known per 
se. This takes place using inert, nontoxic, pharmaceutically 
Suitable carriers, excipients, solvents, vehicles, emulsifiers 
and/or dispersants. 
0101 Suitable excipients which may be mentioned are, for 
example: water, nontoxic organic solvents such as, for 
example, paraffins, Vegetable oils (e.g. Sesame oil), alcohols 
(e.g. ethanol, glycerol), glycols (e.g. polyethylene glycol), 
Solid carriers such as natural or synthetic ground minerals 
(e.g. talc or silicates), Sugars (e.g. lactose), emulsifiers, dis 
persants (e.g. polyvinylpyrrolidone) and glidants (e.g. mag 
nesium sulfate). 

EXAMPLES 

01.02 

TABLE 1 

1n-OS O RI 

XHA 

NC n-CN 

R 3 N C Srry-O 
R S 

Example RI R. R. HA 

1 H3C H O H H 2 HCI 

# 3 NH 
ra-n- 2 

O HN I 

2 H H 2 HCI 
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TABLE 1-continued 

1n-On R1 

XHA 

NC CN N 

R3 a C Srry-O 4 
R S 

Example RI R3 R' HA 

3 HC H Q NH H H 2 HCI 
it. 1. ra-res, H S H 
O H2N H 

4 CH3 H H 2 HCI 

HC-4, H Q 
it. - Skr-r NH2 H S H 
O H2N H 

5 H H 2 HCI 

A. H. O 

"C-N'- H S 
O H2N H 

0103) The synthesis of examples 1 to 5 and corresponding 
starting materials is described in WO 2009/015811 in detail. 

TABLE 2 

HA 

CFCOH 

CFCOH 

CFCOH 

HCI 
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TABLE 2-continued 

Example R NRR HA 

10 CH HCI 

N-" N HS ( ) HN H 

11 HCI 

CH3 N 

O ( ) 
HN H 

*is the attachment to the dicyanopyridine 

0104. The synthesis of examples 6 to 11 and correspond 
ing starting materials is described in WO 2010/086101 in 
detail. 

B. Experimental Methods 
0105 Advantageous pharmacological properties of the 
compounds which can be used according to the invention can 
be ascertained by the following methods. 

B-1. IOP Measurements in Rats 

0106 Wistar rats with a body weight of about 300 g were 
anesthetized with isoflurane (2-3% in O:NO=1:2). The test 
compounds were diluted in 0.9% sodium chloride and given 
by topical administration to the eye in 10 ul volume at a 
concentration of 10 mg/ml. IOP was measured with a rebound 
tonometer (TonoLab)at different time points after application 
of the drugs. Ocular pressure and effects of hemodynamic 
parameters can be monitored in this model. 
0107 FIG. 1 shows IOP of N-Cyclopentyl-Adenosine 
and Example 1 at a dose of 10 mg/ml. 
0108 FIG. 2 shows effects of N-Cyclopentyl-Adenosine 
and Example 1 at a dose of 10 mg/ml on mean arterial blood 
pressure. 
I0109) N'-Cyclopentyl-Adenosine and Example 1 reduce 
IOP at a volume of 10 ul (concentration 10 mg/ml). Surpris 
ingly, Example 1 shows no effect on hemodynamic param 
eters at 10 mg/ml. However N'-Cyclopentyl-Adenosine sig 
nificantly reduces blood pressure (FIG. 2). 

B-2. Blood Pressure Measurement in Telemetric Rats 

0110 Normotensive wistar rats with a body weight of 300 
to 350 g were used for this experimental study. Blood pressure 
was monitored in freely moving conscious animals by radio 
telemetry. Briefly, the telemetric system (DSI Data Science 
International, MN, USA) is composed on 3 basic elements: 
implantable transmitters (TAUPA-C40), receivers (RA1010) 
and a computer-based acquisition Software (Dataquest A.R.T 
2.1 for Windows). Rats were instrumented with pressure 
implants for chronic use at least 14 days prior the experi 
ments. Rats were anesthetized with isoflurane (2-3% in 
O:NO=1:2). During catheter implantation under anesthe 
sia, rats were kept on a heating mat. A fluid-filled sensor 
catheter was inserted upstream into the exposed descending 
aorta between the iliac bifurcation and the renal arteries. 
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According to the DSI guidelines the tip of the telemetric 
catheter was located just caudal to the renal arteries and 
secured by tissue adhesive. The transmitter body was affixed 
to the inner peritoneal wall before closure of abdomen. In a 
hardware configuration equipped for 24 animals, each rat 
cage was positioned on top of an individual receiverplatform. 
After activation of the implanted transmitters, A.R.T., an on 
line data acquisition system, samples data and converts tele 
metric pressure signals into mm Hg. Given are 96 deviations 
from the control run-in period of 2 hours before substance 
administration. 

B-3. Nerve Crush Model 

0111 Mice (all at least 7 weeks old) were deeply anesthe 
tized, and optic nerves were intraorbitally crushed. After 
treating the mice for two weeks with compounds, i.e. the 
adenosine A1 agonists they were sacrificed and eyes were 
withdrawn. Flatmounts of the retinas were prepared. The 
degenerated retinal ganglion cells were analyzed and counted 
in the different treatment groups. 

B-4. Retinal Ischemia Model 

0112 Male Lewis rats weighing 200 to 250 g and male 
C57BL/6J mice weighing 25 to 30 g were anesthetized. The 
anterior chamber of one eye was cannulated with a needle 
attached to a line infusing normal saline to increase intraocu 
lar pressure. IOP was measured by a handheld tonometer 
(TonoLab) in rat eyes for the next up to 120 minutes. The 
other eye of the same animal was set up as a control. After 
ischemia, the needle was withdrawn, IOP was normalized, 
and reflow of the retinal circulation was documented visually. 
Animals were killed at different times after I/R injury. 

1. A compound of formula (I) 

(I) 

R2 

NC CN 
N 

R3 2 N 
NN N S N 

Cl, 
R4 

A. 

in which 
A is oxygen or Sulfur, 
R" is hydrogen or a group of the formula 

R5 R6 

it. R11, it. L R11, 

O R10 O R10 
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-continued 
R5 R6 Q R10 

in which 

it is the attachment to the oxygen-atom, 
L' is linear (C-C)-alkanediyl. 
L is linear (C-C)-alkanediyl. 
Rand Rare identical or different and independently 

selected from the group consisting of hydrogen or a 
side group of a natural C.-amino acid or its homo 
logues or isomers, 

Rand Rare independently selected from hydrogen or 
methyl, 

R’ is hydrogen or (C-C)-alkyl, or 
R" and R form together with the atoms which they are 

attached to a pyrrolidine- or piperidine-ring, 
R'' and R'' are identical or different and are indepen 

dently selected from hydrogen or (C-C)-alkyl, 
wherein (C-C)-alkyl may be substituted with one 

group selected from hydroxy, (C-C)-alkoxy, 
amino, mono-(C-C)-alkylamino or di-(C-C)- 
alkylamino, or 

R'' and R form together with the atoms which they are 
attached to a pyrrolidine- or piperidine-ring, and 

R" is hydrogen or hydroxycarbonyl, 
R’ is hydrogen or a group of the formula—CHOR', 

wherein R' is defined as above, 
R is hydrogen, methyl or ethyl, 
R" is hydrogen, methyl or ethyl, or 
R and R' form together with the nitrogen-atom, which 

they are bound to, a azetidine-, pyrrolidine- or piperi 
dine-ring, 
wherein the azetidine-, pyrrolidine- or piperidine-ring 
may be substituted with one or 2 substituents inde 
pendently selected from the group fluoro, trifluorom 
ethyl, methyl, ethyl, methoxy and ethoxy, and the 
salts thereof. 
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2. The compound of claim 1, wherein 
A is sulfur, 
R" is a group of the formula 

in which 
it is the attachment to the oxygen-atom, 
L' is ethane-1,2-diyl. 
R is hydrogen, methyl, propane-2-yl, 1-methylpro 

pane-1-yl, 2-methyl-propane-1-yl, hydroxymethyl or 
1-hydroxymethyl, 

R is hydrogen, 
R’ is hydrogen, 
R is hydrogen, methyl, propan-2-yl, 1-methylpropan 

1-yl, 2-methyl-propan-1-yl, imidazol-4-ylmethyl, 
hydroxymethyl, hydroxyethyl, 2-carboxyethyl, 
4-aminobutan-1-yl or 2-aminoethyl, 

R is hydrogen, 
R" is hydrogen, 
R'' is hydrogen, or 
R" and R form together with the atoms which they are 

attached to a pyrrolidine-ring, 
R is hydrogen 
R is hydrogen, 
R" is hydrogen, or 
R and R' form together with the nitrogen-atom, which 

they are bound to, aaZetidine-pyrrolidine- or piperidine 
ring, and the salts thereof. 

3. The compound of claim 1, wherein 
A is sulfur, 
R" is a group of the formula 

in which 
it is the attachment to the oxygen-atom, 
R is hydrogen, methyl, propan-2-yl, 2-methylpropan 

1-yl, benzyl, hydroxy-methyl or 1-hydroxyethyl, 
R is hydrogen, 
R’ is hydrogen, 
R is hydrogen, methyl, propan-2-yl, 1-methylpropan 

1-yl, 2-methyl-propan-1-yl, imidazol-4-ylmethyl, 
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4-aminobutan-1-yl, 2-amino ethyl, 3-aminopropan 
1-yl, aminomethyl or 3-guanidinopropan-1-yl, 

R is hydrogen, 
R" is hydrogen, 
R'' is hydrogen, 

R’ is hydrogen, 
R is hydrogen, 
R" is hydrogen, and 
the salts thereof. 
4. The compound of claim 1, selected from the group 

consisting of: 
2-4-2-Amino-6-(2-(4-chlorophenyl)-1,3-thiazol-4-yl) 

methylsulfanyl)-3,5-dicyanopyridin-4-yl) 
phenoxyethyl-L-lysyl-D-alaninate-Dihydrochloride, 

2-4-2-Amino-6-(2-(4-chlorophenyl)-1,3-thiazol-4-yl) 
methylsulfanyl)-3,5-dicyanopyridin-4-yl) 
phenoxyethyl-L-arginyl-D-alaninate-Dihydrochlo 
ride, 

2-4-2-Amino-6-(2-(4-chlorophenyl)-1,3-thiazol-4-yl) 
methylsulfanyl)-3,5-dicyanopyridin-4-yl) 
phenoxyethyl-L-lysyl-D-valinate-Dihydrochloride, 

2-4-2-Amino-6-(2-(4-chlorophenyl)-1,3-thiazol-4-yl) 
methylsulfanyl)-3,5-dicyanopyridin-4-yl) 
phenoxyethyl-L-arginyl-D-valinate-Dihydrochloride, 

2-4-2-Amino-6-(2-(4-chlorophenyl)-1,3-thiazol-4-yl) 
methylsulfanyl)-3,5-dicyanopyridin-4-yl) 
phenoxyethyl-L-lysyl-D-phenylalaninate-Dihydro 
chloride, 

2-4-2-(AZetidin-1-yl)-6-({2-(4-chlorophenyl)-1,3- 
thiazol-4-yl)methylsulfanyl) -3,5-dicyanopyridin-4- 
ylphenoxyethyl-beta-alaninate-Trifluoroacetate, 

2-4-2-(AZetidin-1-yl)-6-({2-(4-chlorophenyl)-1,3- 
thiazol-4-yl)methylsulfanyl) -3,5-dicyanopyridin-4- 
ylphenoxyethyl-L-ornithinate-Bis(trifluoroacetate), 

2-4-2-(AZetidin-1-yl)-6-({2-(4-chlorophenyl)-1,3- 
thiazol-4-yl)methylsulfanyl) -3,5-dicyanopyridin-4- 
ylphenoxyethyl-L-lysyl-L-alaninate-Bis(trifluoroac 
etate), 

2-4-2-(2-(4-Chlorophenyl)-1,3-thiazol-4-yl) 
methylsulfanyl)-3,5-dicyano-6-(pyrrolidin-1-yl)pyri 
din-4-yl)phenoxyethyl-L-alanyl-L-alaninate-Hydro 
chloride, 

2-4-2-(2-(4-Chlorophenyl)-1,3-thiazol-4-yl) 
methylsulfanyl)-3,5-dicyano-6-(pyrrolidin-1-yl)pyri 
din-4-yl)phenoxyethyl-L-isoleucyl-L-alaninate-Hy 
drochloride, and 

2-4-2-(2-(4-Chlorophenyl)-1,3-thiazol-4-yl) 
methylsulfanyl)-3,5-dicyano-6-(pyrrolidin-1-yl)pyri 
din-4-yl)phenoxyethyl-glycyl-L-leucinate-Hydro 
chloride, 

and the salts thereof. 
5. (canceled) 
6. A method for the treatment of glaucoma and ocular 

hypertension in humans and animals by administering a 
therapeutically effective amount of at least one compound 
according to claim 1 or a medicament comprising at least one 
compound according to claim 1 in combination with a linert, 
non-toxic, pharmaceutically acceptable additive. 

7. A method for the treatment of glaucoma and ocular 
hypertension in humans and animals by administering topi 
cally a therapeutically effective amount of at least one com 
pound according to claim 1 or a medicament comprising at 
least one compound according to claim 1 in combination with 
a inert, non-toxic, pharmaceutically acceptable additive. 

c c c c c 

  


