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Adenosine Al aconists for the treatment of slaucoma and ocular hvpertension

The present invention relates to selective adenosine Al agonists, in particular the dicyanopyridines of
formula (D), for the use i a method for the treatment and/or prophylaxis of glaucoma, normotensive
glaucoma, ocular hypertension and/or combinations thercof as well as the their use for the
production of a medicament for the treatment and/or prophylaxis of glaucoma, normotensive

glaucoma, ocular hypertension and/or combinations thereof,

Background of the intervention

Glaucoma is a degenerative disease comprising a group of debilitating eve diseases that are a leading
cause of permanent loss of visual function due to ureversible 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 arce several functionally or
morphologically distinct types of glaucoma which m general are accompanied by elevated

intraocular pressure (10P).

The increased 0P 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 development of
visual loss associated with glaucoma. Some patients which show a glaucomatous vision field loss
have a normal to low mitraccular pressure. These so called nommotension or low tension glaucoma
patients can alsc benefit form agents that decrease intraccular pressure. The loss of visual function
and the progressive deterioration associated with glaucoma and ocular hypertension can generally be
amehorated with medications that reduce elevated intraocular hypertension when glaucoma or ocular

hypertension is detected early.

Glaucoma - on the basis of its etiology — refers also to primary or secondary glancoma. Primary
glauncoma m adults {(congenital glaucoma) may be either open-angle or acute or chronic angle-

closure.

Primary glavicoma is characterized by increased intraocular tension which is due to the obstruction
of aqueous humor cutflow. 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 1s narrowed, the anterior chamber is shallow and the s
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
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precipitate an acute attack. A predisposion to acute angle- closure glaucoma attacks with various

degrees of severity is know in patients eves with narrow anterior chamber angles

Secondary glaucoma is characterized and caused by any interference which cffects the flow of
aqueous humor from the posterior chamber into the anterior chamber and subsequently, nto 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
cxudates. Other common causcs are intraocular tumors, cnlarged cataracts, central retinal vein

occlusion, trauma to the eye, operative procedures and intraocular hemorrhage.

Several therapies for treating glaucoma or ocular hvpertension have been proven to be effective in
chmcal practice via reduction of 10P by lowering agueous humor production or by increasing
outflow facility. Many of the used drugs are administrated topically direct to the eye or orally.
However a relevant number of patients do not respond to the current existing glaucoma treatment
options. In addition a significant number of patients face side cffects like local intolerance and
allergic reactions, subconjunctival hyperemia, muosis or uveitis which lead to cessation of the
glancoma therapy. Therefore the need of new and innovative therapeutic agents which control 10P is
given. Since glauncoma is caused by progressive damage to the optic nerve head in particular

additional neuroprotective effects in the eve would be beneficial.

Thus intense research efforts are currentlv ongomg for new glaucoma therapies with improved
efficacy and reduced side effect profile (Lee AL, Goldberg 1., Exp. Opin. Emer. Drugs 2011, 16(1),
137-161; Traverso CE. et al, Fxp. Opin. Emer. Drugs 2011, 16(2), 293-307; Fogagnolo P,

Rossetti L., £xp. Opin. Investig. Drugs 2011, 20(7}, 947-959).

Adenosine, a purine nucleoside, is an ubiquitous modulator of numerous physiological activities
which is mediated by specific cell surface receptors. Adenosine is formed intraceHularly as an
mtermediate  during  the degradation of adenosinge  5-monophosphate  (AMP) and
S-adenosyihomocysieine, 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.

The first identified biological action of adenosine was the effect on heart rate, atrioventricular
conduction and blood pressure (Drugy A et al, J Physiol 1929, 68, 213-237). Since then it has
been reported that adenosine is involved in many physiological processes and that these effects are
mamly mediated by four known subtypes of adenosine receptors — referred to as A1, AZa, A2b and
A3- each of which has a unique pharmacological profile, tissue distribution and effector coupling

{(Jacobsen KA. et al., Exp. Opin. Emer. Drugs 2007, 12, 479-492}. According to the invention,
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"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 {adenosing agonists) or

blocking its action (adenosine antagonists).

The actions of these adenosine receptors are mediated intracellularly by the messenger cAMP. In the
case of the binding of adenosine to the A2a or A2b receptors, the intracelhilar cAMP is increased via
activation of the membrane-bound adenylate cyclase, whereas binding of adencsine to the Al or A3
receptors results in a decrease of the intracellular cAMP concentration via inhibition of adenylate

cyclase.

In the cardiovascular system, the main consequences of the activation of adenosine receptors are:
bradycardia, negative inotropism and protection of the heart against ischemia ("preconditioning”) via
Al 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 Al agonisis
{coupling preferably via G, proteins), a decrease of the intracellular cAMP concentration is observed
(preferably afier direct prestimulation of adenylate cyclase by forskolin). Correspondmgly, AZa and
AZb agonists {coupling preferably via G, proteins) leads to an increase and AZa and A2b antagonists
to a decrease of the cAMP concentration in the cells. In the case of A2 receptors, a direct

prestimulation of adenvlate cyclase by forskolin 1s of no benefit.

The development of many subtype specific adenosine receptor agonists or antagonists have been
described and tested m chinical trials for many different diseases e.g. cardiac arrhvthmias,
neuropathic pain, myocardial perfusion mmaging, inflammatory diseases and colon cancer (Jacobsen
K.A et al, Nature Rev. Drug Disc. 2006, 5, 247-264; Miiller CE. et al., Exp. Opin. Emer. Drugs
2003, 8, 337-57).

In humans, activation of Al receptors by specific Al agomists leads to a frequency-dependent
lowering of the heart rate, without any offect on blood pressure. Selective Al agonists may thus be

suttable inter alia for treating angina pectoris and atrial fibritlation.

The cardioprotective action of the Al receptors in the heart may be utilized inter alia by activating
these A1 receptors with specific Al agonists for treatment and organ protection in cases of acute
myocardial infarction, acute coronary syndrome, heart failure, bypass operations, heart catheter

examiations and organ transplantations.

For the adenosine Al receptor several sabtype specific agonists have been reported like NNC-21-

0126, GR79236, sclodenoson and capadenoson which have been reported to be in clinical
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development (Jacobsen K.A., Handbook Exp. Pharmacol, 2009, 193, [-24). Also the effect of
adenosing Al receptor agonists on imfraocular pressure has been intensively studied and
characterized. It was shown that two relatively selective adencsine Al agonists N6-cyclohexyl-
adenosine {CHA) and R{-}-N6-(2-phenvhisopropvlladencsing (R-PIA) lower intraocular pressure in
rabbits (Crosson C.E., Curr. Eye Res. 1995, 11, 453-458; Crosson C.E. et al. J Ocul. Pharmacol.
1994, 10, 379-383; Crosson C.E., J Pharmacol. Exp. Ther. 1995, 273, 320-326) and cynomolgus
monkeys (Kaufman P.L. et al, Exp. Fye Res. 1997 64, 979-989). However the use of adenosineg Al
agonists as therapeutic drugs for glaucoma or ocular hypertension is significantly limited by the
effects on hemodynamic parameters as it is known that adenosine Al agonists are crucially mvolved
n heart rate and blood pressure regulation (Zablocki 1. et al., Handbook Exp. Pharmacol., 2009,

193, 25-58).

Prodrugs are derivatives of an active ingredient which undergo i vive an enzymatic and/or chemical
biotransformation i one or more stages before the actual active ingredient is liberated. A prodrug
restdue is ordinarily used in order to improve the profile of properties of the underlying active
mgredient {P. Ettmaver ¢t al., J Med Chem. 47, 2393 (2004}]. In order to achicve an optimal
profile of effects 1t is necessary i this connection for the design of the prodrug residue as well as the
desired mechanism of liberation to be coordinated very accurately with the mdividual active
mgredient, the indication, the sitc of action and the administration route. A large number of
medicaments 1s administered as prodrugs which exhibit an improved bioavailability by comparison
with the underlving active ingredient, for example achieved by improving the physicochemical
profile, specifically the solubility, the active or passive absorption properties or the tissue-specific
distribution. An example which may be mentioned from the wide-ranging literature on prodrugs is:
H. Bundgaard (Ed.), Design of Prodrugs: Bioreversible derivatives for various functional groups
and chemical entities, Elsevier Science Publishers BV, 1985, A review of prodrug dertvatives
based on carboxylic acid esters and possible properties of such compounds can be found, for
example, m K. Beaumont ¢t al.,, Curr. Drug Mefab. 4, 461-485 (2003). Also known are dipeptide
prodrugs of acyclovir for treating ocular herpes infections {B. S. Anand et al., Curr. Eye Res. 26,
No. 3-4, 151-163 (2003)) which interact with the oligopeptide transporter on the comea, thus

mcreasing the bioavailability of acylovir in the eve.

WO 2008/130520 claims alkinyl-substituted purine derivatives as therapeutic agent for glancoma or
ocular hypertension. WO 2010/127210 describes Adenosine derivatives like ING-8875 for reducing

umtraocular pressure in humans.
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Substituted 3,5-dicvano-4-phenyipyridines and their prodrugs as potent and selective adenosine Al
agonists are disclosed in WO 03753441, WO 2009/015776, WO 2009/015811, WO 2009/015812,
WO 2010/072314, W0 2010/072315 and WO 2010/086101.

The object of the present mvention is to provide an effective therapeutic agent for the use in the
treatment and/or prophylaxis of glaucoma and/ or ocular hypertension without showing the above

mentioned side effects.

Surprisingly, it has now been found that the dicyanopyridines of formula (1) lower intraocular
pressure after topical application to the eyve without effecting hemodynamics and are thus suitable for
the production of medicaments for the use i the treatment and/or prophvlaxis of glaucoma and

ocular hypertension.

The present invention relates to compounds of formula (f)

@,
in which
A is oxvgen or sulfor,

R’ 18 hydrogen or a group of the formula
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in which

# is the attachment to the oxygen-atom,

[ is linear (C,-Cy)-alkanedivi,
L’ is hinear (C-Cs)-alkanedivl,

R® and R®

consisting of hvdrogen or a side group of a natural a-amino acid or ifs

homologues or isomers,
R®and R’
R’ is hvdrogen or (C,-Cy}-atkyl,
or

R’ and R°

piperidine-ring,

R'® and R
(C;—Ca;)—alkyiﬁ

PCT/EP2011/064829

are identical or different and independently selected from the group

are mdependently selected from hydrogen or methyl,

form together with the atoms which they are attached to a pymrolidine- or

are identical or different and arc indenpentdently selected from hydrogen or
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wherein (C-Cy)-alkyl may be substituted with one group selected from

hydroxy, (C,-Cy)-alkoxy, amino, mono-{(C,-Cy)-alkvlamine or di-{C-Cy)-

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 hvdroxycarbonyl,
R’ is hydrogen or a group of the formula ~-CH,OR’,
wherein R is defined as above,
R’ 18 hvdrogen, methyl or ethyl,
R* is hydrogen, methyl or cthyl,
or
R’ and R* form together with the nitrogen-atom, which they are bound to, a azetidine-,

vrrolidine- or piperidine-ring.
o o

wherein the azetidine-, pyrrolidine- or piperidine-ring may be substituted with one or
2 substituents independently selected from the group fluoro, trifluoromethyl, methyl,

ethyl, methoxy and ethoxy,

and its salts, solvates and solvates of the salts,

for the use in a method for the treatment and/or prophylaxis of glaucoma, normotensive glancoma,

ocular hypertension and/or combinations thereof.

In a preferred embodiment the present invention relates to compounds of formula (I}, in which

A

Rl

1s sulfur,

1s a group of the formula
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4 N,R“ #YL;N,R” # N AN
5 RO 5 R 5 KR ¥
o R0
. : |
o #YL\?/I'%(N\Rﬂ
o R R R
in which
# is the attachment to the oxygen-atom,
L is cthane-1,2-diyl,
R’ is hydrogen, methvl, propane-2-yl, I-methvlpropane-1-yi, 2-methylpropane-1-yi,
hyvdroxymethyl or I-hydroxymethyl,
R is hydrogen,
R’ is hvdrogen,
R? is hydrogen, methyl, propan-2-vl, 1-methyipropan-1-yl, Z-methylpropan-1-yi,

imidazol-4-vlmethyl, hydroxymethyl, hydroxyethyl, 2-carboxyethyl, 4-aminobutan-

I-¥1 or 2-amumoethyl,
R’ is hydrogen,
RY is hydrogen,
R" is hydrogen,
or
R" and R®  form together with the atoms which they are attached to a pyrrolidine -ring,
is hydrogen,
is hydrogen,

is hydrogen,
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R®and 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 for the treatment and/or prophylaxis of glaucoma, normotensive glancoma,

ocular hypertension and/or combinations thereof.

In a preferred embodiment the present invention also relates to compounds of formula (1), in which
A is sulfur,

R' 18 hydrogen

R® is hydrogen,

R’ is hydrogen,

R? is hydrogen,

or

R’ and R form together with the nitrogen-atom, which they are bound to, a azetidine- |,

pyrrolidine- or piperidine-ring,
and 1ts salts, solvates and solvates of the salts,

for the use n a method treatment and/or prophylaxis of glaucoma, normotensive glaucoma, ocular

hypertension and/or combinations thercof,

In a preferred embodiment the present mvention alsc relates to compounds of formula (1), in which
A 1S oxygen,

R is hydrogen

R® is hydrogen or —-CH,OH,

R’ is hydrogen,
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is hydrogen,

and its salts, solvates and solvates of the salts,

PCT/EP2011/064829

for the use in a method for the treatment and/or prophylaxis of glaucoma, normotensive glaucoma,

ocular hypertension and/or combinations thereof.

In a preferred embodiment the present invention also relates to compounds of formula (1), in which

A

Rl

1s sulfur,

1s a group of the formula

R:; Rg ) E 10
# ; N . N\Rﬂ
5 R R R
in which
# is the attachment to the oxygen-atom,
R’ 1s hydrogen, methyl, propan-2-vi, 2-methylpropan-1-vi, benzyl, hvdroxymethyl or 1-

bvdroxyethvl,
R® is hydrogen,

R’ is hydrogen,

R® 15 hvdrogen, methyl, propan-2-yl, l-methyvipropan-1-vi,

midazol-4-yvimethyl,  4-amincbutan-1-yL,

aminomethy! or 3-guanidmopropan-1-vi,
R’ is hydrogen,
RY s hvdrogen,
RY  ishydrogen,
is hydrogen,

is hydrogen,

2-aminoethyl,

2-methyipropan-1-vi,

3-aminopropan-1-vl,
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R* is hydrogen,
and its salts, solvates and solvates of the salts,

for the use in a method for the treatment and/or prophylaxis of glaucoma, normotensive glancoma,

ocular hypertension and/or combinations thereof.

In a preferred embodiment the present invention relates to a compound of the formula (I} selected

from:

2-{4-12-Amine-6-({{2-(4-chlorophenyi}-1 3-thiazol-d-vijmethyl} sulfanyi)-3, 5-dicyanopyridin-4-yij-

henoxy ethyl-L-lysyl-D-alaninate-Dihvdrochloride,
P J s J IR J

2-{4-12-Amine-6-({{2-(4-chlorophenyi}-1 3-thiazol-d-vijmethyl} sulfanyi)-3, 5-dicyanopyridin-4-yij-

phenoxy}ethyl-L-arginyl-D-alaninate-Dihydrochloride,

2-{4-12-Amine-6-({{2-(4-chlorophenyi}-1 3-thiazol-d-vijmethyl} sulfanyi)-3, 5-dicyanopyridin-4-yij-

henoxy }ethyl-L-lysyl-D-valinate-Dihvdrochloride,
P J s J M )

2-{4-12-Amino-6-{{{2-(4-chlorophenyl}-1,3-thiazol-4-vimethyl } sulfanyl)-3, S-dicyanopyridin-4-vi}-

phenoxy}ethvl-L-arginvl-D-valinate-Trihvdrochloride,

2-{4-12-Amino-6-{{{2-(4-chlorophenyl}-1,3-thiazol-4-vimethyl } sulfanyl)-3, S-dicyanopyridin-4-vi}-

phenoxy }ethvl-L-lvsvi-D-phenylalanmate-Dihydrochloride,

2-{4-12-( Azetidin-1-y1}-6-{{| 2-{4-chlorophenyh}-1 3-thiazcl-4d-ylimethyl i sulfanyl}-3.5-

dicvanopyridin-4-vi{phenoxy }ethyl-beta-alanmate-Triflucroacetate,

2-{4-12-( Azetidin-1-y1}-6-{{| 2-{4-chlorophenyh}-1 3-thiazcl-4d-ylimethyl i sulfanyl}-3.5-

dicvanopyridin-4-vi{phenoxy }ethvi-L-omithinate-Bis(irifluoroacetate),

2-{4-12-( Azetidin-1-y1}-6-{{| 2-{4-chlorophenyh}-1 3-thiazcl-4d-ylimethyl i sulfanyl}-3.5-

dicvanopyridin-4-viiphenoxy }ethyl-L-lysvi-L-alaninate-Bis(trifluoroacetate),

2-§4-12-({{2-(4-Chlorophenvl}-1 3-thiazol-4-vimethyl} sulfanyh)-3, 3-dicvanc-6-{pyvrrolidin-1-

vipyridin-4-yliphenoxy}ethyi-L-alanvl-L-alaninate-Hydrochloride,

2-§4-12-({{2-(4-Chlorophenvl}-1 3-thiazol-4-vimethyl} sulfanyh)-3, 3-dicvanc-6-{pyvrrolidin-1-

vipyridin-4-yliphenoxy} ethvl-L-isoleucyl-L-alamnate-Hvdrochloride,



n

10

N2
wn

WO 2012/028585 PCT/EP2011/064829

-12 -

2-{4-12-({[2-(4-Chlorophenvl)-1,3-thiazol-4-yijmethyl} sulfanyl)-3,5-dicyano-6-(pvrrolidin-1-
vhpynidin-4-yliphenoxyv}ethvl-glyeyvl-L-leucinate-Hydrochloride,

(2.5)-3-{4-[2-Amino-6-({|2-(4-chlorophenyi)-1,3-oxazol-4-vljmethyl } sulfanyl}-3, 5-dicyanopyridin-
4-yllphenoxy}propan-1,2-divl-(25,2'S)-bis(2- {{{25}-2-aminopropanoy! jamine } propanoate}-Dihydro-

chloride

and their salts, solvates and solvates of the salts for the use in a method for the treatment and/or

prophyvlaxis of glaucoma, normotensive glaucoma, ocular hypertension and/or combinations thereof.

In a preferred embodiment the present invention relates to a compound of the formula (1) selected

from:

2-Amino-6-({{2-(4-chlorophenyi)- I, 3-thiazol-4-yljmethyi} sutfanyl)-4-{4-(2-

hydroxyethoxy)phenylipyridine-3,5-dicarbonitrile

2-({[2-(4-Chlorophenyi)- 1, 3-thiazol-4-ylmethyl } sulfanyl}-4-{4-(2-hydroxyethoxy)phenyl]-6-

{pyrrolidin-1-yvDpyridine-3, 5-dicarbonitrile

2-({{2-(4-Chlorophenyl}-1,3-thiazol-4-ylmethyl i sulfanyl}-4-{4-(2-hydroxyethoxy)phenyl]-6-

{azetidin-1-ylypyriding-3.5-dicarbonitrile

2-Amino-6-({|2-(4-chlorophenvl)-1,3-oxazol-4-y1|methyl} sulfanyl)-4-(4-{{{27)-2 3-dihydroxy-
propyljoxytphenyDpyridin-3 3-dicarbonitrile

and 1ts salts, solvates and solvates of the salts,

and their salts, solvates and solvates of the salts for the use 1 a method for the treatment and/or

prophyvlaxis of glaucoma, normotensive glaucoma, ocular hypertension and/or combinations thereof.

In a preferred embodiment the present invention relates to a compound of the formula (I) selected

from:

2-{4-]2-Amino-6-({[2-(4-chiorophenvl)-1,3-thiazol-4-vylfmethyl } sulfanyl}-3,5-dicyanopyridin-4-yi}-

phenoxy tethyl-L-lysyl-D-alaninate-Dihvdrochloride,

2-{4-]2-Amino-6-({[2-(4-chiorophenvl)-1,3-thiazol-4-vylfmethyl } sulfanyl}-3,5-dicyanopyridin-4-yi}-

phenoxy tethyl-L-lysyl-D-valinate-Dihvdrochloride,
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2-{4-}2-Amino-6-({{2-(4-chiorophenvi}-1,3-thiazol-4-ylhuethyl} sulfanyl}-3,5-dicyanopyridin-4-vi}-

phenoxy}ethyl-L-arginyl-D-valinate-Trihvdrochloride,

and thetr salts, solvates and solvates of the salts for the use 11 a method for the treatment and/or

prophviaxis of glaucoma, normotensive glaucoma, ocular hypertension and/or combinations thereof.
In a preferred embodiment the present invention also relates to compounds of formula (1), in which
R’ is hydrogen,

R? is hydrogen,

and 1its salts, solvates and solvates of the salts,

for the use in a method for the treatment and/or prophylaxis of glaucoma, normotensive glaucoma,

ocular hypertension and/or combmations thereof.
In a preferred embodiment the present invention also relates to compounds of formula (I), in which

R*and R* form together with the nitrogen-atom, which they are bound to, a azectidine-

pvrrolidine- or piperidine-ring,
and its salts, solvates and solvates of the salts,

for the use in a method for the treatment and/or prophylaxis of glaucoma, normotensive glaucoma,

ocular hypertension and/or combinations thercof.

The compounds of formula (1), their production and their action as potent and selective adenosine Al
agonists are disclosed in WO 03/53441, WO 2009/015776, WG 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 an explicit part of the description of the presemt mvention and are hereby

incorporated by reference.

Depending on the substitution pattern, the compounds of the formula (I} can exist in stercoisomeric
forms, which behave either as image and mirror image (enantiomers) or which do not behave as
image and mirror image {diastercomers}. The nvention relates both to the use of the epantiomers or
diastercomers and to their respective mixtures. Just like the diastercomers, the racemic forms can be

scparated ito the stercoisomerically uniform constituents in a known mamner. Equally, the present
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mvention also relates to the use of the other tautomers of the compounds of the formula (f) and their

salts.

Salts of the compounds of the formula (I) can be physiologically acceptable salts of the substances
according to the mvention with muneral acids, carboxvlic acids or sulfonic 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, naphthalenedisulfonic acid, trifluorocacetic acid, acetic acid, propionic acid, lactic acid, tartaric

acid, citric acid, fumaric acid, maleic acid or benzoic acid.

The compounds of the present invention appear preferably as hydrochlondes or trifluoroacetates.

Salts which can be mentioned are also salts with customary bases, such as, for example, alkali metal
salts {c.g. sodium or potassium salts), alkaline carth metal salts {c.g. calcium or magnesium salts) or
ammonium salts, derived from ammoma or orgamic amines such as, for example, dicthylamine,
tricthylamine, ecthyldiisopropylamine, procaine, dibenzylamine, N-methylmorpholine, dihydro-

abietylamineg, 1-ephenamine or methylpiperidine.

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
hyvdration 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.

In the context of the present invention, the substituents, unless stated otherwise, have the following

MEANIng;

Allvl is in the context of the invention a straight-chain or branched alkyl radical having 1 to 4
carbon atoms. The followmg radicals may be mentioned by wav of example and by way of

preference: methyl, ethyl, n-propyl, isopropyl, n-butyl, isobutyl, sec-butyl and tert-butyl

Alkanedivl 1s 1n the context of the invention a straight-chain or branched divalent alkyl radical
having 1 to 4 carbon atoms. Examples which may be preferablv mentioned are: ethane-1,2-divl (1,2-
cthylene), ethane-1,1-divl, propane-1,3-divl (1,3-propvlene), propane-1,1-divi, propane-1,2-diyi,

propane-2,2-divl, butane-1,4-divi (1, 4-butylene), butane-1,2-div], butane-1 3-diyl, butane-2 3-diyl
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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, isopropoxy, n-butoxy and tert-butoxy.

Mong-_or di-(C-Cy-alkvlaming 1s 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 | to 4 carbon atoms. For example, the following may be mentioned: methylamino, ethyi-
amino, n-propvlanino, isopropviamino, t-butylamuno, N N-dimethylamino, N N-dicthyvlamino, N-
cthyl-N-methylamino, N-methyl-N-n-propyvlamino, N-isopropyl-N-n-propyvlamino and N-t-butvl-N-

methylamino.

The side group of an_¢-amino acid in the meaning of R’ encompasses both the side groups of
naturally occurring a-amino acids and the side groups of homologs and isomers of these a-aming
acids. The a-amino acid may i this connection have both the L and the D configuration orelsc be a
mixture of the L form and D form. Examples of side groups which may be mentioned are: methyl
{alanine), propan-2-yl (valing), propan-i-yl (norvaling), 2-methylpropan-1-yvl (Jeucine),
I-methylpropan-1-vl (isoleucing), butan-1-yl (norleucine), tert-butyl (2-tert-butylglycineg), phenyl
(2-phenyiglycine), benzyl  {(phenvlalanine), p-hvdroxybenzyl  (tvrosing),  mdol-3-vimethyl

(tryptophan), imidazol-4-vimethyl (histidine), hydroxymethyl (serine), 2-hydroxyethyl (homoserine),

[

I-hydroxyethyl (threonine), mercaptomethyl (cysteine), methylthiomethyl (S-methyleysteine),

No

mercaptoethyl (homocysteine), 2-methvlthiocthy! (methionine), carbamoyimethy! (asparagine),
carbamoylethyl (glutamine}, carboxymethyl (aspartic acid), 2-carboxyethyl (glutamic acid), 4-
ammobutan-I-vl (lvsine), 4-amino-3-hvdroxybutan-1-yl (hyvdroxvlvsine), 3-aminopropan-1-vi
(ornithing), Z-aminocthyl (2, 4-diamincbutyric acid), aminomethyl (2.3-diaminopropionic acid),
3-guanidinopropan-1-yl (arginine), 3-urcidopropan-1-vl (citrulline). Preferred o-amino acid side
groups in the meaning of R¥ are methy! (alanine), propan-2-yl (valine), 2-methylpropan-1-yl
(leucing), benzyl (phenvialamine), mmmdazol-4-ylmethyl (histidine), hydroxymethyl (serne), 1-
hydroxyethyl {threonine), 4-ammobutan-1-vi (lysine), 3-aminopropan-1-yl (ornithing), Z-amimoethyl
(2. 4-diaminobutyric  acid), aminomethyl (2 3-diaminopropionic acid), 3-guamdinopropan-1-yl

(arginine). The L configuration is preferred in cach case.

The term effective amount as used herein refers to an amount of a compound of formula () that is
effective for treatment and/or prophyviaxis glaucoma, normotensive glaucoma, ocular hypertension

and/or combinations thereof.
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The present invention relates to selective adenosine Al agonists, m particular the dicyanopyridines of
formula (1), for the use in a method for the treatment and/or prophylaxis of glaucoma, normotensive

glancoma, ocular hypertension and/or combinations thereof.

The compounds of formula () act as selective adenosine Al agomists and show a beneficial profile
when administered topically to the eve, and are thus useful as an effective therapeutic agent for the

treatment and/or prophylaxis of glaucoma and/ or ocular hypertension.

The compounds of the present invention lower intraocular pressure when administered topically to
the eve without effecting hemodynamic parameters as demonstrated in section B. Experimental

methods.

The present invention relates to compounds of formula (1) for the use in a method for the treatment

and/ or prophylaxis of glaucoma and/ or ocular hvpertension.

Furthermore the present invention relates to compounds of formula (1) for the use in a method for the
treatroent and/ or prophyvlaxis of high 1OP resulting from traumatic hyphema, orbital edema,
postoperative visco-elastic retention, intraocular inflammation, corticosteroid use, pupiliary block, or

idiopathic causcs.

In addition the compounds of formula (1) are useful for the treatment and/or prophyvlaxis of various
ocular hypertensive conditions, such as post-surgical and post-laser trabeculectomy ocular

hvpertensive episodes and as presurgical adjuncts.

The present invention further relates to a method of treating glaucoma, or other discase or disorder of

the eve related to clevated mtraccular pressure.

The present invention further relates to the use of compounds of formula (1) for the manufacture of

medicaments for the treatment and/ or prophviaxis of glaucoma and/ or ocular hypertension.

A further subject of the present invention 1s a pharmaceutical composition comprising a compound

of the formula (1)

A further subject of the present invention is a medicament, comprising a compound of the formula (1)
as defined in anv of claims 1 to 4 in combination with one or more further active ingredients selected

from the group consisting of alpha adrenergic agonist, beta blocker and carbonic anhvdrase inhibitor.

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
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prophylaxis of glaucoma, high 10P resulting from traumatic hyphema, orbital edema, postoperative
visco-elastic retention, intraocular inflammation, corticosteroid use, pupillary block, or idiopathic
causes. Examples of suitable combination active ingredients may for example and preferably be

mentioned:

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

¢ beta blocker such as for example timolol, timoptol, optimal, carteolol, ocupress, betoptic, betagan

s carbonic anhvdrase inhibitor such as for example dorzolamide, trusopt, diamox, Acetazolamid,

brinzolamid, dorzolamid, dichlorphenamid, methazolamid.

Further disclosed herein is a method for the treatment and/ or prophylaxis of high 10P, including
glaucoma, ocular hypertension, normotensive glaucoma or a combination thereof comprising
administering an effective amount of at least one compound of formula (3) or of a medicament
comprising at lecast one compound of formula (I} i combination with an inert, non-toxic,

pharmaceutically suitable excipent to the eve.

Further disclosed herein is a method for the treatment and/ or prophylaxis of high IOP, including
glancoma, ocular hypertension, normotensive glaucoma or a combination thercof comprising
administering an effective amount of at least one compound of formula (1) or of a medicament
comprising at least one compound of formula (I} in combination with an inert, non-toxic,
pharmaceutically suitable excipent to the eye and at least one further active compound selected from

the group consisting of alpha adrenergic agonists, beta blockers and carbonic anhydrase inhibitors.

Preferred administration route is topical administration to the eve.

Topical preparations of the invention include solutions, 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.

Suitable pharmaceutically-acceptable carriers for topical application include those suited for use 1n
lotions, creams, gels, solutions, ointments, viscous solutions, eve drops, emulsions, gel-forming

solutions and the like.

The topically applicable preparations of the invention comprise 0.1 to 99%, preferably 0.5 to 20%

by weight of active ingredient of the formula (I).
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Ointments comprise hydrocarbon gels, lipogels, absorption bases, W/0 ointment bases, mixed

emulsions or polyethylene glveols as base.

Gels comprise solvents such as water, ethanol, isopropanol or propylene glycol and are produced
using gel formers such as cellulose ethers, alginates, polvacrylates, bentonite, gelatin, tragacanth,

polyvinylpyrrolidone or polyvinyl alcohol. Lipophilic gel bases or microemulsions can also be used.

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.

In a preferred embodiment, the composition is a scolution prepared using a physiclogical saline
solution as a carrier. The pH of the sclution is, preferably. maintained between 4.5 and 8.0 using an
appropriatc buffer system. A neutral pH is more preferred. Compositions of the invention can also

comprise pharmaceutically acceptable preservatives, stabilizers and/or surfactants.

For this purpose, the active compounds can be converted into the customary preparations in a
manner known per se. This takes place using mert, nontoxic, pharmaceutically suitable carriers,

excipients, sclvents, vehicles, emulsifiers and/or dispersants.

Suitable excipients which may be mentioned are, for example: water, nontoxic organic solvents such
as, for example, paraffins, vegetable oils {e.g. sesame oil}. alcchols {e.g. ethancl, glycerol}, glycols
(c.g. polvethylene glycol), solid carriers such as natural or synthetic ground minerals {¢.g. talc or
silicates), sugars {¢.g. lactose}, emulsifiers, dispersants (e.g. polyvinvipyrrolidone) and glidants {¢.g.

magnesium sulfate).

Further disclosed herein is an ophthalmic composttion comprising a compound of formula (I) and a

pharmaceutically acceptable vehicle or excipient.
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Table 1;
Example R R R'| HA
1 H | H |28
2 H | H |28
3 H | H |2HC
4 H | H | 3HC
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Example R' R IR HA

Hi{ H | 2HC

The synthesis of examples 1 to 5 and corresponding starting materials is described in WO

2009/015811 1n detail.

Table 2:
Example R -NR'R* HA
:
6 <“> CF.COH
:
. <i> CF.COH
;
8 <\‘\> CF.COH
a
9 CN; HCI
i
10 iN; HCI
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11 HCI

sz :

* 18 the attachment to the dicvanopyridine

The synthesis of examples 6 to 11 and corresponding starting materials 1s described in WO

2010/086101 in detail.

Example 12
5 2-Ammo-6-({]2-(4-chlorophenyl)-1,3-thiazol-4-vifmethvl} sulfanyi)-4-[4-(2-

hydroxyethoxy)phenylipyridine-3,5-dicarbonitrile

The synthesis of example 12 is described in WO 03/53441 {exampie 6} in detail.

Example 13
10 2-{{{2-(4-Chlorophenyl}-1,3-thiazol-4-ylmethyl} sulfanyl}-4-{4-(2 -hvdroxyethoxy)phenyl]-6-

(pyrrolidin-1-yhpyridine-3,5-dicarbonitrile
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The synthesis of example 13 is described in WO 2010/086101 {example 1} in detail.

Exampie 14

2-({{2-(4-Chlorophenyl)-1,3-thiazol-4-yijmethyl } sulfanyi}-4-{4-(2-hvdroxyethoxy)phenyl]-6-

(azetidin-1-vDpyridine-3,5-dicarbonitrile

The synthesis of example 14 is described in WO 2010/086101 {example 49) in detail.

Example 15

2-Amino-6-({{2-(4-chlorophenyl)-1,3-oxazol-4-vlimethyl} sulfanvi)-4-(4- 4 [(2R)-2, 3-dihydroxy-

propyljoxy}phenyhpyridin-3,5-dicarbonitrile
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The synthesis of example 15 is described in WO 2009/015776 {example 8A) n detail.

Exampie 16
(2.5)-3-{4-[2-Amino-6-({|2-(4-chlorophenyi)-1,3-oxazol-4-vljmethvl } sulfanyl}-3, 5-dicyanopyridin-
4-yllphenoxy}propan-1,2-divl-(25,2'S)-bis(2- {{{25}-2-aminopropanoy! jamine } propanoate}-Dihydro-

chloride

The synthesis of example 16 is described in WG 2010/072314 {example 33} in detail.
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B. Experimental Methods

Advantageous pharmacological properties of the compounds of the present invention can be

determined by the following methods.

The abreviations are used in the following experiments:

IOP  intraocular pressure

SEM  {standard error of mean)

PBS  (phosphate buffered saline)

In each experiment the control animals received the correspondmg solvent.

B-1. IOP measurements in rats

Wistar rats with a body weight of about 300g were ancsthetized with isoflurane (2-3% 1n
0,:N,0=1:2). The compounds were dissolved/ suspended in an aqueous solution of sodium chlonde
{0.9%6) and administered topically to the eye in 10ul volume at a concentration of 10 mg/mi. TOP
was measured with a rebound tonometer {Tonolab) at different time points after application of the
compounds. Ocular pressure and effects of hemodynamic parameters can be monitored 1 this model.
N°-Cyclopentyl-Adenosine (CPA) is a known adenosine Al agonist having the structure shown

below:

Figure 1A shows IOP (as mm Hg) over time afier topical administration of control, N°-Cyclopentyi-

Adenosine {CPA) and Example 1 at a dose of 10 mg/ml.

Figure 1B shows IOP (as percent of zero value) over time after topical administration of control, N°-

Cyclopentyl-Adencsine {CPA} and Example 9 at a dose of 10 mg/mb.
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Table 3 gives IOP (as percent of zero value) after topical administration of N°-Cyclopentyl-

Adenosine (CPA) and Example 1 at a dose of 10 mg/ml at time points from 0 mun to 120 mun.

Tabic 3:
compound | Time [min] FOP [%%] + SEM
Control ¢ 100.0 0.0
Control 15 39.6 37
Control 30 623 438
Control 45 88.6 2.9
Control 60 93.4 5.1
Control 50 95.7 44
Control 120 96.3 43
Example 1 0 100.0 0.0
Example 1 15 93.6 57
Example 1 30 30.6 26
Example 1 45 77.7 30
Example 1 60 70.0 17
Example 1 GG 759 59
Example 1 120 76.6 35
CPA 0 100.0 0.0
CPA 15 65.0 33
CPA 30 58.5 3.5
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compound | Time [min] FOP [%] + SEM
CPA 45 463 49
CPA 60 425 3.6
CPA 50 44 .8 23
CPA 120 39.0 2.0
Example 4 ¢ 100.0 0,0
Example 4 30 73.8 6,1
Example 4 60 30,0 7.9
Example 4 S0 76,0 7.7
Example 2 0 160,0 0,0
Example 2 30 0933 9,9
Example 2 60 733 3.9
Example 2 80 738 6.6

Figure 2 shows IOP {as percent of zero value} over time after topical administration of control and

Example 9 at a dose of 10 mg/ml.

Table 4 gives I0P (as percent of zero value) after topical administration of Example 9 and control at

n

a dose of 10 mg/m! at time points from O min to 120 min.

Table 4:
compound | Time [min] FOP [%] + SEM
Control ¢ 100.0 0.6
Control 15 96.7 38
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compound | Time [min] FOP [%] + SEM
Control 30 1069 6.4
Control 60 104 .4 6.1
Control 90 97.7 35
Control 120 101.7 6.5
Example 9 ¢ 100.0 0.0
Example 9 15 81.6 31
Example 9 30 84.4 2.4
Example 9 60 83.7 4.0
Example 9 S0 85.3 2.4
Example 9 120 837 39

B-2. Blood pressure measurement in telemetric rats

-
ol

Normotensive wistar rats with a body weight of 300 to 350 g were used for this experimental study.
Blood pressure was monitored in freelv moving conscious animals by radiotelemetry. Briefly, the
telemetric system (DSI Data Science International, MN, USA} 1s composed on 3 basic elements:
implantable transmitters (TA11PA-C40), receivers (RA1010) and a computer-based acquisition
software (Dataguest AR'T 2.1 for Windows}. Rats were mstrumented with pressure implants for
chronic use at least 14 days prior the experiments. Rats were anesthetized with isoflurane (2-3% in
0, N,0=1:2). During catheter implantation under anesthesia, rats were kept on a heating mat. A
fliid-filled sensor catheter was inserted upstream into the exposed descending aorta between the iliac
bifurcation and the renal arteries. 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 anmimals, each rat cage was positioned on top of an individual receiver platform.
After activation of the implanted transmitters, A R.T.. an on-line data acqusition system, samples

data and converts telemetric pressure signals into mm Hg. The compounds were dissolved/
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suspended in an agueous solution of sodium chlorde (0.9%) and adounistered topically to the eve in
10ul volume at a concentration of 10 mg/ml. Given are % deviations from the control run-in period

of 2 hours before substance administration.

Figure 3 shows effects on mean arterial blood pressure after topical administration of control, N°-

Cyclopentyl-Adenosine and Example 1 at a dose of 10 mg/ml over time.

Table 5 gives mean arterial pressure (MAP) as percent change of zero value afier topical
administration of control, N°-Cyclopentyl-Adenosine and Example 1 at different time points from

-0.25hto6.25h.
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Table 5;

control CPA Example 1 Example 4 Example 2

Time + + +
MAP MAP | =SEM | MAP MAP MAP | = SEM
thours] SEM SEM SEM

-0.25 0.0 0.0 0.0 0.0 0.0 0.0 0,0 0.0 0.0 0.0
0.25 4.5 1.8 |-254 28 1.2 1.3 7.3 LS 10,7 33
0.75 0.1 1.1} -713 5.0 -6.1 0.8 1,0 2,3 1,6 2,6
1.25 -4.7 2.0 | -589 7.7 -6.0 0.5 -2,0 L5 0,3 2,0
1.75 -1.2 34 1-4206 7.1 -2.5 1.2 -0,8 2,0 -0,2 1.8
2.25 4.2 33 | -303 55 -2.5 1.6 0.7 2.6 -1,1 1.6
2.75 -3.4 0.8 |-17.6 6.1 -1.5 2.3 0,6 2.2 1.9 2.7
3.25 -2.3 1.8 |-164 55 -1.4 32 0,1 2.5 2.0 2.3
3.75 -4.9 1.1 -9.0 3.1 -1.6 35 Lo 2,9 -2,2 LS
4.25 -3.4 11 -8.4 2.9 -1.5 4.1 -1,5 L6 -0.9 1.2
4.75 -2.0 12 -5.3 3.6 -1.7 3.7 -0,3 1.8 -0,8 1,7
5.25 -33 0.9 -0.7 44 -6.0 44 -1,7 2,3 -3,1 14
5.75 4.5 1.7 -2.9 2.2 -3.8 4.6 -3.8 22 -4,2 1.8
6.25 4.6 11 -2.7 3.2 -6.0 3.7 3,6 L6 -4,0 L6

Figure 4 shows effects on mean arterial blood pressure after topical admmistration of control and

Example 9 at a dose of 10 mg/mi over time.

Table 6 gives mean arterial pressure (MAP) as percent change of zero value after topical

administration of control and Example 9 at different time points from -0.25 hto 6.25 h
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Table 6;

Conirol Example 9
Time
MAP += SEM MAP += SEM

[hours]
-0.25 0.00 0.0 0.00 0.0
0.25 10.26 21 7.03 1.3
G.75 0.04 1.1 0.94 1.8
1.25 -1.16 1.6 -3.02 1.9
1.75 0.74 1.0 -2.50 1.0
2.25 -0.27 1.0 0.37 1.3
2.75 0.62 1.8 -0.95 1.6
3.25 3.67 23 -1.51 1.0
3.75 1.38 2.6 0.08 1.1
4.25 -1.52 1.0 -1.54 1.3
4.75 0.46 1.0 -1.99 1.9
5.25 -1.68 12 -0.43 1.6
5.75 -1.37 1.8 -0.04 1.9
6.25 -1.03 2.2 -2.42 1.9

B-3. Nerve crush model

Mice (all at least 7 weeks old} are deeply anesthetized, and optic nerves are intragrbitally crushed.

5 After treating the mice for two weeks with compounds, ie. the adencsing Al agonists they are
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sacrified and cyes arc withdrawn. Flatmounts of the retinas are prepared. The degenerated retinal

ganglion cells are analyzed and counted m the different treatment groups.

B-4. Retinal ischemia model

Male Lewis rats weighing 200 to 250 g and male C57BL/6] mice weighing 25 to 30 g are

(i

anesthetized. The anterior chamber of ong eve 1s cannulated with a needle attached to a hine infusing
normal saline to increase intraocular pressure. 10P is measured by a handheld tonometer (TonoLab)
in rat eyes for the next up to 120 minutes. The other eve of the same animal is set up as a control.
After ischemia, the needle is withdrawn, 10P is normalized, and reflow of the retinal circulation is

documented visually. Animals are killed at different times afier /R mjury.

10 B-5.  IQP measurements in conscious rabbits

Female New Zealand rabbits with a body weight of about 4-5 kg were used to measure inner eye
pressure (10P). The compounds were dissolved/ suspended in a solution of 10% transcutol, 10%
solutol and 80% PBS, and given by topical admimistration at the eve mn 30ul volume. T0OP was
measured with a rebound tonometer (TonoVet) at different time points after application of the drugs.

15 INO-8875 is a known adenosine Al agonist having the structure shown below:

O\N“”Q
il
O

Figure 5 shows 10P as percent of zero value in rabbits of INO-8875 at dosages of 1.0, 3.0 and 10.0

mg/mL after topical administration.

Table 7 gives IOP as percent of zero value in rabbits of ING-8875 at dosages of 1.0, 3.0 and 10.0

20 mg/mL after topical administration.
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Table 7:
ING-8875 ING-8875 ING-8875
control

{ 1.8 mg/ml) { 3.0 mg/ml) { 18,0 mg/ml)
time +

I0P + SEM | IQP +SEM | [GP iop + SEM

. SEM

imin
0 100.0 0.0 100.0 0.0 100.0 0.0 100.0 {00
30 853 5.0 893 3.7 74.0 3.6 1050 147
60 86.7 5.5 813 13 60.0 2.6 99.0 4.0
90 933 5.8 79.0 15 61.3 3.0 993 5.8
120 100 8.9 873 7.4 65.0 4.6 99.0 1.0

Figure 6 shows IOP as percent of zero value in rabbits of Example 1 at dosages of 3.0 and 10.0

mg/mk after topical administration.

Table 8 gives IOP as percent of zero value in rabbits of Example 1 at dosages of 3.0 and 10.0

mg/mi after topical administration.
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Table 2:
Fxample 1 Example 1
control

{ 3.0 mg/mlL) { 10.9 mg/ml)
time +

I0P + SEM | IOP IOP + SEM

. SEM

imin
0 100.0 0.0 100.0 0.0 1000 100
30 82.7 43 798 7.0 1046 |34
60 76.7 31 66.2 4.8 90.6 3-9
90 82.1 3.6 713 51 98.0 52
120 81.9 3.0 68.5 4.3 922 4.0

B-6.  Assesment of blood pressure and heart rate in telemetric rabbits

Implantation of telemetnic senders in female New Zealand rabbits:

New Zealand rabbits were used for tmplantation of the telemetric senders. Rabbits were pre-
anaesthetized with Rompun® and Ketavet® 1.m. at a dose of 3 mg/kg (in 0.25 mi/kg) + 40mg/kg (in
0.40 ml/kg} respectively. Anaesthesia was maintained with an t.v. infusion of Rompun® and
Ketavet® (5-15 ml/hy with a sclution of Rompun 2 mi (20 mg/Iml) + Ketavet 4 m! (100 mg/ml) and
60 mi 0.9 % agueous solution of sodium chloride. Before surgery the hairs at the mner side of the
back leg were completely removed and the skin were treated with local anaesthetic Xylocain® Spray
and disinfected with Braunol®. The rabbits were transferred to a sterile surgery unit and covered
with sterile swabs and compressions. The skin was opened and the arteria femoralis was carefully
dissected free and the pressure catheter of the telemetric implant C50 PXT® (DSI/Data Science
International, St. Paul, MN, U.S A ) was inserted in the vein and forwarded abdominally under
control of the pressare signal. The signal was detected with the RMC1-DSI® recetver plates and
visualized with the PONEMAH® physiology platform software DSI/Data Science International, St.
Paul, MN, U.5 A ). After detection of a stable blood pressure signal the catheter was fixed with

tissue~-glue “Gewebepad”™ (DS and the two ECG electrodes were cut close to the transmutter. The
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transmitter was fixed under the skin of the rabbit. The wound was closed and finally treated with
Nebacetin® Powder Spray. Post-operative analgesia was done with Metamizol 1.m. 50 mg/kg in 0.1
ml’kg for 5 days after surgery. In addition a 5 day antibiotic therapy with Terramycin®/LA 20
mg/kg with 0.1 mi/kg was applied t.m.. All rabbits recovered fully within one week of the surgery
and were after 2 weeks adjustment to the measurement procedure used for the blood pressure

detection.

Registration of MAP and HR in conscious female New Zealand rabbits:

The rabbits with telemetric implants were housed for 5 hours in a transportation box which was
placed on the RMC1-DSI® recciver plates. The signals were visualized, compiled and analvzed with
the PONEMAH® physiology platform software. The systolic {(SAP), diastolic (BAP) and mean
arterial blood pressure (MAP) levels were registered in mmHg and the heart rate (HR) in
beat/minutes was calculated from the imterval between the svstoles. Baseline levels for SAP, DAP
and MAP as for HR were registered over a 2 hour equilibration period. The compounds were
dissolved/ suspended m a solution of 10% transcutol, 10% solutol and 80% PBS, and given by
topical administration at the eve m 30ul volume. Controls received the corresponding solvents.
Bascline levels for SAP, DAP and MAP as for HR were registered over a 3 hour perniod after

application.

Figure 7 shows cffects of INO-88735 at dosages of 1.0, 3.0 and 10.0 mg/ml. on mean arterial blood

pressure after topical administration.

Table 9 gives mean arterial pressure (MAP) as mm Hg of INO-8875 at dosages of 1.0, 3.0 and 10.0

mg/mL after topical administration.

Table 9:
ING-8875 INO-8875 ING-8875 conirol
{1.0mg/mb) (3.0 mg/mi) {180 mg/ml}
MAP MAP MAP MAP
Time
+ SEM + SEM + SEM + SEM
min| finm fmm imm fmm
Hgj Hg} Hgl Hg}
0 1239 12.1 1185 13.2 1145 73 1136 94
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IN{(-8875 ING-8875 ING-8875 control
{ 1.0 mg/mL} { 3.0 mg/ml) { 16.6 mg/mL)
MAP MAP MAP MAP
Time
+ SEM + SEM + SEM + SEM
[min] fmm [mm [mm fmm
Hgj Hel Hgj Hgj
30 1113 133 101.8 17.7 895 114 1142 132
60 1169 136 104.9 178 86.9 10.5 113.8 134
90 I12.6 133 105.7 17.1 90.3 8.9 114.8 103
120 106.0 145 109.0 20.4 90.0 40.0 1083 182

Figure 8 shows effects of Example 1 at dosages of 3.0 and 10.0 mg/ml on mean arterial biood

pressure after topical administration.

Table 10 gives mean arterial pressure (MAP) as mm He of Example 1 at dosages of 3.0 and 100

mg/ml. after topical administration.

Table 10:

Example 1 Example 1 control
{ 3.0 mg/mL}) (100 mg/mL)
Time + SEM MAP | £SEM
MAP MAP |+ SEM
[min}
0 1171 28.6 115.9 10.7 1136 8.4
30 1145 294 118.8 15.0 114.2 3.2
60 110.4 28.7 112.0 14.2 1138 13.4
80 117.8 34.0 112.8 141 114.8 103
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Example 1 Example 1 control

{ 3.0 mg/mL) { 10.0 mg/mlL)

Time + SEM MAP | +8SEM
MAP MAP |+ SEM
{imin]

120 106-7 36 1054 17.9 1083 18.2
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L. Compound of formula (1)
in which
A is oxygen or sulfur,
R! 1s hydrogen or a group of the formula

8

RG

6 O R'?
# RH I L‘ Rﬁ 4 iil
I\E‘j/ \H//\EEE/ Fi\i \RM
O R 0 rR'C O R rR® R° 5

R° R R

5 RB O R‘!2
/ﬂ\ /L\ R
N7 2T N7
L, Fi%m

0O $10 R
; 1
# L N . #
\TE/ \N& \R'E; \T'a‘,X\
E? 8 9
6 R R R .0 R

@ R12

1 11
L )i\ ,E\ R
\1?; 127 N7

|
Rm

or #\\ﬁ,/

O R
in which

# is the attachment to the oxygen-atom,
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Lt 1s hinear (C)-Cy)-alkanediyi,

L’ is linear (C-Cz)-alkanedivi,

R and R®

R®and R’

are identical or different and independently selected from the group
consisting of hydrogen or a side group of a natural c-amino acid or

its homologues or isomers,

are independently sclected from hydrogen or methyl,

R’ is hydrogen or (C,-Cy)-alkyl,

ot

R’ and R®

RY and RY!

or

R and R®

and

form together with the atoms which they are attached to a

pyrrolidine- or piperidine-ring,

arc identical or different and arc indenpentdently selected from

hydrogen or {C,-Cyp-alkyl,

wherein (C;-Cy)-alkyvl may be substituted with one group selected
from hydroxy, (C;-Cy)-alkoxy, aming, mono-(C-C}-alkylaming or

di-{C-C)-alkylamine,

form together with the atoms which they are attached to a

pyrrolidine- or piperidine-ring,

RY 1s hydrogen or hvdroxycarbonyl,

is hydrogen or a group of the formula ~CH,0OR",

wherein R’ is defined as above,

1s hydrogen, methy! or ethyl,

1s hydrogen, methyl or ethyl,
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R’ and R’ form together with the nitrogen-atom, which they are bound to, a azetidine-,
2 3 ¥

pyrrolidine- or piperidine-ring,

wherein the azetidine-, pyrrolidine- or piperidine-ring may be substituted

with one or 2 substituents independently selected from the group fluoro,

5 trifluoromethyl, methyl, ethyl, methoxy and ethoxy,
or their salts, solvates and solvates of the salts
for the use in a method for the treatment and/or prophylaxis of glaucoma, normotensive
glancoma, ocular hypertension and/or combinations thereof.
2. Compound of formula (I) according to claim 1 wherein
10 A is sulfur,
R’ is a group of the formala
R® R° R® R° R
# N,R” #YLL\N/R 1 4 . rixs\Rﬂ
O Ko O koo O R R
S o
R R® R
i which
# 1s the attachment to the oxygen-atom,
15 L is ethane-1 2-divl,
R’ is hydrogen, methyl, propane-2-y1, 1-methylpropane-1-vl, 2-methylpropane-

1-yL, hyvdroxymethyl or 1-hydroxymethyl,

R” is hydrogen,

R’ is hydrogen,
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& is hydrogen, methyl, propan-2-vl, 1-methylpropan-1-yl, Z-methvlpropan-1-
vl, midazol-4-vimethyl, hvdroxymethyl, hydroxyethyl, 2-carboxyethyl, 4-

aminobutan-1-yl or 2-amincethyl,

R’ is hydrogen,

(i

R"  ishydrogen,

RrY is hydrogen,

or
R and R®  form together with the atoms which they are attached to a
pyrrolidine -ring,
10 R* is hydrogen
R’ is hydrogen,

R* is hvdrogen,
or

R’ and R form together with the nitrogen-atom, which they are bound to, a azetidine-

15 pvrrolidine- or piperidine-ring,
and its salts, solvates and solvates of the salts,

for the use 1n a method for the treatment and/or prophylaxis of glaucoma, normotensive

glaacoma, ocular hypertension and/or combinations thereof.

3. Compound of formula (I} according to claim 1 wherein
20 A is sulfur,
R’ is a group of the formula
R’S Rs E 10
# ; N 2 N\R1 L
. %,
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i which

#

RfS

~3

RS

R9

Rl()

RU

is the attachment to the oxygen-atom,

is hydrogen, methyl, propan-2-vl, 2-methylpropan-1-vl, benzyl, hydroxy-

methy! or 1-hydroxyethyl,

is hydrogen,

1s hydrogen,

1s hvdrogen, methyl, propan-2-vi, l-methylpropan-1-vi, 2-methvipropan-1-
vi, imidazoi-4-vimethvi, 4-ammobutan-I-vl, 2-ammoethyl, 3-aminopropan-

I-91, ammomethyl or 3-guanidinopropan-1-yi,

1s hydrogen,

1s hydrogen,

is hvdrogen,

is hydrogen,

is hydrogen,

is hydrogen,

and 1ts salts, solvates and solvates of the salts,

for the use in a method for the treatment and/or prophylaxis of glaucoma, normotensive

glancoma, ocular hypertension and/or combinations thereof.

4, Compound of formula (1) according to any of claims 1 to 3 selected from:

2-§4-12-Amino-6-({| 2-(4-chlorophenyi)-1, 3-thiazol-4-vlimethyl} sulfanyi)-3,5-

dicyanopyridin-4-vijphenoxyfethyl-L-lysyl-D-alaninate-Dibydrochloride,

2-§4-12-Amino-6-({| 2-(4-chlorophenyi)-1, 3-thiazol-4-vlimethyl} sulfanyi)-3,5-

dicyanopyridin-4-viiphenoxy}ethyvl-L-arginyi-D-alaninate-Bihvdrochloride,

2-§4-12-Amino-6-({| 2-(4-chlorophenyi)-1, 3-thiazol-4-vlimethyl} sulfanyi)-3,5-

dicyanopyridin-4-vijphenoxy}ethyl-L-lysyl-D-valinate-Dihydrochloride.
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2-{4-[2-Amino-6-({|2~(4-chlorophenyl)-1,3-thiazol-4-vljmethyl} sulfanyi)-3,5-

dicvanopyridin-4-yljphenoxv}ethyi-L-arginyl-D-valinate- Trihydrochloride,

2-{4-[2-Amino-6-({|2~(4-chlorophenyl)-1,3-thiazol-4-vljmethyl} sulfanyi)-3,5-

dicvanopyridin-4-yljphenoxy}ethvi-L-lysyl-D-phenvialaninate-Dihydrochloride,

(i

2-{4-[2-(Azectidin-1-v1}-6-({|2-(4-chlorophenyl)-1,3-thiazol-4 -yl jmethyl} sulfanyl)-3.5-

dicvanopyridin-4-yljphenoxv}ethvi-beta-alaninate-Trifluorcacetate,

2-{4-[2-(Azctidin-1-v1}-6-({|2-(4-chlorophenyl)-1,3-thiazol-4 -yl jmethyl} sulfanyl)-3.5-

dicyanopyridin-4-yljphenoxy}ethyi-L-ormithmate-Bis(irifluoroacetate),

2-{4-[2-(Azctidin-1-v1}-6-({|2-(4-chlorophenyl)-1,3-thiazol-4 -yl jmethyl} sulfanyl)-3.5-

10 dicvanopyridin-4-yljphenoxy}ethvi-L-lysyi-L-alaninate-Bis(trifluoroacetate),

2-{4-[2-({]2-(4-Chlorophenyl}-1,3-thiazol-4-yljmethyi} sulfanyl)-3,5-dicyano-6-(pyrrolidin-

I-yDpyridin-4-vliphenoxy tethyl-L-alanyl-L-alaninate-Hydrochloride,

2-{4-[2-({]2-(4-Chlorophenyl}-1,3-thiazol-4 -yl methyi } sulfanyl}-3, 5-dicyano-6-{pyrrolidin-
-yDpyridin-4-ylphenoxy ethyl-L-isoleucyl-L-alaninate-Hydrochloride,

15 2-{4-[2-({]2-(4-Chlorophenyl}-1,3-thiazol-4 -yl methyi } sulfanyl}-3, 5-dicyano-6-{pyrrolidin-
-yDpyridin-4-ylphenoxy ethyl-glycyl-L-leucinate-Hydrochloride,
(25)-3-{4-]2-Amino-6-({|2-{4-chlorophenyl}-1,3-oxazol-4-yl jmethyl} sulfanyl)-3,5-
dicyanopyridin-4-yijphenoxy}propan-1, 2-diyl-(28,2'8)-bis(Z-{{(25)-2~
aminopropancoyljamino } propancate)-Dihvdrochloride

26 or their salts, sclvates and sclvates of the salts,
for the use 10 a method for the treatment and/or prophylaxis of glaucoma, normotensive
glancoma, ocular hypertension and/or combinations thereof.

5. Use according to any of claims 1 to 4, wherein the compound 1s adninistered topically to the
eve.

25 6 An ophthalmic composition comprising a compound of formula (I} as defined in any of

claims 1 to 4 and a pharmaceutically acceptable vehicle or excipient.
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Use according to any of claims 1 to 4, wherein compound of formula one is administered
topically m combination with at least one further active compound selected from the group

consisting of alpha adrenergic agonists, beta blockers and carbonic anhvdrase inhibitors.

Method for the treatment and/or prophylaxis of glaucoma and ocular hypertension in
humans and amimals by administering topically a therpeutically effective amount of at least
one compound according to any of claims 1 to 4 or 2 medicament comprising at least one
compound according to any of claims | to 4 in combination with a inert, non-foxic,

pharmaceutically accepable additive.

Method according to claim & wherein the medicament further comprises at least one further
active compound selected from the group consisting of alpha adrenergic agonists, beta

blockers and carbonic anhydrase inhibitors.

A medicament, comprising a compound of the formula (I} as defined 1n any of claims 1 to 4
i combination with one or more further active ingredients selected from the group consisting

of alpha adrenergic agonist, beta blocker and carbonic anhydrase imhibitor.



