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Substituted 2—thio-3,4-dicxano-4-phenyl-G-aminogzridines and their use

Abstract

Compounds of the formula ()

(I)

10 aprocess for their preparation and their use as medicaments are described.
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Aktenexem lar

Substituted 2-thio-3,5-dic ano-4-phenyl-6-aminopyridines and their use

The present invention relates to substituted 2-thio-3,5-dicyano-4-phenyl-6-amino-

5  pyridines, to a process for their preparation and to their use as medicaments.

Adenosine, a nucleoside consisting of adenine and D-ribose, 1s an endOgenOus factor
havrng cell-protective activity, in partrcular under cell-damaging conditions with

limited oxygen and substrate supply, uch as, for example 1n the case of ischaemia in

10 various Organs (for example heart and bram)

Adenosine. is formed intracellularly as an intermediate during the degradation of
adenosine-S’-rnonOphosphate (AMP) and S-adenosylhomocysteine, but it can be
released from the .cell, in which case it acts as a hormone-like substance or

15  neurotransmitter by binding to specific receptors.

Under norrnoxic conditions, the concentration of free adenosine in the extracellular

space 1s very low. However, under_'ischaernicor hypoxic conditions, the extracellular
“concentration of adenosine in the affected organs is increased dramatically. Thus, it

20 isknoWn for exarnple that adenosine inhibits platelet aggregation and increases the

blood supply to the coronary arterres Furthermore, 1t acts on the heart rate, on the

release of neurotransmrtters and on lyrnphocyte drfferentlatron

'The airn of these actions of adenosine 1s to increase the oxygen supply of the affected
25 organs and/or to reduce the metabohsm of these organs in order to adJust the

metabolism of the organ to the blood supply of the organ under 1schaemrc or hypoxic

condrtlons._

- 'The action of adenosrne 1s ’medrated via Specrﬁc receptors To date subtypes Al,

30 AZa, A2b and A3 are known The actrons of these adenosine receptors are medrated

. 1ntrace11ularly by the messenger oAMP In the case of the binding of adenosine to the
A2a or AZb receptors the 1ntracellular cAMP 1S mcreased via activation of the _

membrane bound adenylate oyclase whereas binding of adenosrne to Al or A3

CA 02469586 2004-06-08
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receptors results 1in a decrease of the intracellular cAMP concentration via inhibition

of adenylate cyclase.

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

(adenosine antagonists).

In the context of the present .invention,' adenosine receptor ligands are referred to as
being “selective” if, 'ﬁrstly, they are clearly active on one or more adenosine receptor
subtypes and, secondly, the actmty that can be observed on one or more other
adenosine receptor subtypes is considerably weaker (factor 10 or less), if present at

all, where, with respect to the test methods for selectivity of action, reference is made

to the test methods described in section A1l

Accordmg to their receptor select1v1ty, adenosme-reccptor-selectwe hgands can be
divided into different categories, for example hgands Wthh bind selectlvely to the

Al or A2 receptors of adenosine and 1n the case of the latter also, for example, those

which bind selectively to the A2a or the A2b receptors of adenosine. Also possible

- are adenosme receptor hgands Wthh bind selcctwely to a plurality of subtypes of the

adenosme receptors, for example hgands Wthh bind selectively to the Al and the

A2, but not to the A3 receptors of adenosine.

'The abovementloned receptor selectmty can be determlned by the effect of the

substances on cell lines which, after stable transfectlon Wlth the correspondmg

:cDNA exprcss the receptor subtypes in questlon (see the publlcatlon M.E. Olah,
‘H. Ren, 7. Ostrowsk1 KA ‘Jacobson, GL Stlles “Clonmg, eXpressron and

charactenization of the umque bovine Al adenosme receptor Studres on the hgand |
binding site by srted-dn‘ected mutagenems in J Bzol Chem. 267 (1992) pagcs
10764-10770, the disclosure of Wthh 1S hereby fully 1ncorporated by way of

reference).
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The effect of the substances on such cell lines can be monitored by biochemical
measurement of the intracellular messenger cAMP (see the publication K.N. Klotz,

J. Hessling, J. Hegler, C. Owman, B. Kull, B.B. Fredholm, M.J. Lohse,

“Comparative pharmacology of human adenosine receptor subtypes -

characterization of stably transfected receptors in. CHO cells” 1n Naunyn

Schmiedebergs Arch Pharmacol. 357 (1998) pages 1-9, the disclosure of Wthh 1S

~ hereby fully incorporated by way of reference)

In the case of Al agonists (coupling preferably via G; proteins), a decrease of the
intracellular cAMP concentration is observed (preferably after direct prestimulation
of adenylate cyclase by forskolin), .in the case of Al antagonists an increase in the
intracellular cAMP concentration 1S observed (preferably after prestimulation with
adenosine or adenosine-like substances plus direct prestimulation of adenylate
cyclase by forskohn) Correspondmgly, A2a and A2b agonists (coupling preferably
via G; proteins) lead 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 prestlmulatlon'

- of adenylatecyclase by forskolin 1s of no benefit.

The “adenosineéreceptor-speciﬁc” ligands-' known from the prior art are mainly '

 derivatives based on natural adenosine (S.-A. Poulsen and R.J. Quinn, “Adenosine

receptors: new opportunities for future drugs”- in Bioorganic and 'Media’nal ‘

- Chemzstry 6 (1998) pages 619 to 641) However, most of the adenosine hgands

known from the prior art have the dlsadvantage that thelr actlon 1S not really-

receptor-spec1ﬁc that thelr activity is less than that of natural adenosine or that they

have only very weak act1v1ty after oral adm1mstrat10n Thus they are mamly used

only for expenmental purposes

"In addmon WO 00/ 125210 dlscloses 2- thio- 3 ,5- d1cyano-4 aryl-o-ammOpyndmes of

a structure mmﬂar to that of the cornpounds of the invention. Howev er, the

pharmacokmetloal pr0pert1es of the compounds descnbed therem are less

- advantageous; in particular, they have poor bloavaﬂ_ablhty after oral administration.
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It is now an object of the present invention to find or provide conipounds which do

not have the disadvantages of the prior art and/or have improved bioavailability.

- Accordingly, the present invention relates to compounds of the formula (I)

(D),

n which

represents a number 2, 3 or4,

represents hydrogen or: '(Cl-C4)-aIky1

- represents pyndyl or thlazolyl Wthh for 1ts part may be substltuted by (Cy-

Ca)- alkyl halogen amino, d1methylannno acetylammo . guamdmo_

.pyridyiarn1no, th1eny1, turyl, 1m1dazoly1 pyndyl _ morphohnyl
' thiornorphOlinyl piperidinyl, plperazmyl N-(Cl-C4) alkylplperazmyl.

pyrrohdmyl oxazolyl 1soxaz01y1 pynmldmyl pyrazmyl optlonally (C;- C4)

- __alkyl-substltuted thlazolyl or phenyl Wthh 1s optionally substltuted up to
'three tlmes by halogen (Cl—C4) alkyl or (C1 C4) alkoxy, .

a_nd their salts, hydrates, hydrat"es of the salts and soly_ates.-
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Depending on the substitution pattern, the compounds of the formula (I) can exist in
stereoisomeric forms which are either like image and mirror image (enantiomers) or
not like image and MIITOr image (diastereomers). The invention relates both to the
enantiomers or diastereomers and to their respective mixtures. The racemic forms,
like the diastereomers, can be separated in a known manner into the
stereoisomerically uniform components. Likewise, the present invention also relates

to the other tautomers of the compounds of the formula (I) and therr salts.

Salts of the compounds of the formula (I) can be physiologically acceptable salts of
the compounds according to the invention with mineral acids, carboxylic acids, or
sulphonic acids. | Particular preference 1s given, for example, to salts with
hydmchloric acid, hydrobromic acid, sulphuric acid, phosphoric acid,
methanesulphonic  acid, 'ethanesulphonic acid, toluenesulphonic acid,
benzenesulphonic acid,naphthalenedisulphonic acid, trifluoroacetic acid, acetic acid,
propionic acid, lactic acid, tartaric acid, citric acid, fumaric acid, maleic acid or

benzoic acid.

Salts which may be mentioned include salts W1th customary bases, such as, for

| example alkah metal salts (for example sod1um salts or potassium salts), alkaline

earth metal salts (for example calcmm salts or magnesmm salts) or ammonium salts
derived from ammonia or orgamc amines, such as, for example, dlethylamme

tnethylamme,- ethyldnsopropylamme procame, dibenzylamine, N-methyl- '-

morpholine, dihydroabletylamme,- l-ephenamme or methylpiperidine.

« According to the invention hydrates or solvates are those forms of the compounds of '

the formula (I) Wthh mn sohd Or hquld state form, by hydratlon with water or

coordmatron with solvent molecules a molecule compound or a complex Examples

of hydrates are sesqulhydrates monohydrates dlhydrates or tnhydrates Likewise,

the hydrates or solvates of salts of the compounds accordmg to the invention are also -

suitable.

'Moreover the nvention also 1ncludes prodrugs of the compounds accordrng to the

- mventlon Accordlng to the 1nvent1on prodrugs are forms of compounds of the
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formula (I) which for their part may be biologically active or mactive, but which can
be converted under physiological conditions (for example metabolically or

solvolytically) into the corresponding biologically active form.

In the context of the present invention, the substituents have, unless defined

otherwise, the following meanings:

Halogen generally represents fluorine, chlorine, bromine or iodine. Preference 1s

given to fluorine, chlorine or bromine. Very particulaﬂy preferred are fluorine or

chldrine.

(C1-Cs)-Alkyl generally represents a straight-chain or branched atkyl radical having
1 to 4 carbon atoms. Examples which may be mentioned are: methyl, ethyl, n-propyl,

iSOpI'Opyl,ﬂr‘l-but-yl, sec-butyl, isobutyl and tert-bUtyl.

(Cy-Cs)-Alkoxy generally ,répresents a straight-chain or branched alkoxy ‘radical

‘having 1 to 4 carbon atoms. Examples which may be mentioned are: methoxy,

ethoxy, n-propoxy, isopropoxy, n-butoxy, sec-butoxy, isobutoxy and tert-butoxy.

Preference 1s given to compounds of the formula (I)

in which
'n  represents the number 2,

R'  represents hydrogen, methyl or ethyl,

R* _represents pyridyl or thiazolyl ‘which for its part may be substituted by
methyl, ethyl, fluorine, - chlorine, amino, diméthylarnino, acetylamino,

guanidino, 2-pyridylamiho, 4-pyridylamino, thi enyl, pyridyl, morphOIinyl,
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piperidinyl, optionally methyl-substituted thiazolyl or phenyl which is

optionally substituted up to three times by chlorine or methoxy,

and their salts, hydrates, hydrates of the salts and solvates.

5
Particular préference 1S given to c'ompOunds of the formula (I) 1n which R! is
hydrogen or methyl.
Particular preference 1s also given to compounds of the formula (I) in which
10
n represents the number 2,
R represents hydrogen or methyl
15 and
R®  represents pyridyl or thiazolyl which for its part niay be substituted by"
methyl chlorme ammo dimethylamino, acetylammo guamdmo 2-pyr1dy1-
‘amino, 4-pyr1dylam1no thienyl, pyndyl morpholinyl, 2-methylth1azol S-yl "
20 ~ phenyl, 4-chlorophenyl or 3,4 S-tnmethoxyphenyl :

and their salts, hydrates, hydrates of the salts and solvates. -

Very pa.rticular. preferencc' 18 giVen" to the .c.:'ornp"ofund-f‘rom Example 6 of the

25 folloWing structure
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and their salts, hydrates, hydrates of the salts and solvates.

-5  The present inventiOn also proVides a process for prepa.fing 'cdmpOunds of the

formula (I), characterized in that

compounds of the formula (II)

@),

NC~
- H,N
10 ;
in which
‘nandR! are as defined above,

15

~ are reacted with compounds of the formﬁla (1)

~ RMCHyX  (m),
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in which
R* 1s as defined above and X represents a suitable leaving group, by way of
5 - example and by way of preference halogen, in particular chlorine, bromine or

iodine, or represents mesylate, tosylate, triflate or 1-imidazolyl,

~1f appropnate in the presence of a base.

10 The process described above can be 1llustrated in an exemp_lary manner by the

formula scheme below:

dimethylformamide
Br— (DMF)
+ Rz
| NaHCO,, 20 °C
) 2

15 Suitable solvents for the process accordmg to the 1nvent10n are all organrc solvents
which are inert under the reactron conditions. These include alcohols such as
methanol, ethanol and 1sopropanol ketones such as acetone and methy] ethyl ketone
acyclic and cychc ethers such as diethyl ether and tetrahydrofuran esters, such as
ethyl acetate or butyl acetate, hydrocarbons such as benzene Xylene, toluene

20 hexane or cyclohexane chlorlnated hydrocarbons such as drchloromethane .

' chlorobenzene or dlchloroethane ‘or other solvents, such as drmethylfonnamrde .
aeetomtrrle pyndrne or dlrnethyl sulphox1de (DMS 0). Water too 1S a suitable
solvent. Preference is given to_drrnethylformamlde. It is also possrble to use mrxtures .
of the solvents rnentioned abox'lre.' , ' ' .

25
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Suitable bases are the customary inorganic or organic bases. These preferably
Include alkali metal hydroxides, such as, for example, sodium hydroxide or
potassium hydroxide, or alkali metal carbonates, such as sodium carbonate or
potassium carbonate, or alkali metal bicarbonates, such as sodium bicarbonate or
potassium bicarbonate, or alkali metal alkoxrdes such as sodium methox1de or
potassmm methoxide, sodium ethoxide or potassium ethoxide or potassium tert-
butoxide, or amides, such as sodium amide, lithium bls(tnmethylsﬂyl)armde or
hithium diisopropylamide, or organometallic compounds, such as butyllithium or
phenyllithium, or 1,8-diazabicyclo[5,4,0jundec-7-ene (DBU) or 1,5-diazabicyclo-
[4.3.0]non-5-ene (DBN), or else amines, such as triethylamine and pyridine.

Preference 1s given to the alkali metal carbonates and alkali metal bicarbonates.

Here, the base can be employed in an amount of from 1 to 10 mol, preferably from 1

to 5 mol, 1n particular from 1to 4 mol, based on 1 mol of the compounds of the
formula (II).

The reaction generally takes place in a temperature range of from -78°C to +140°C ,

preferably 1n the range from -78°C to +40°C, n partrcular at room temperature.

The reaction can be carried out at atmospherlc elevated or reduced pressure (for

example in the range from 0.5 to 5 bar). In general, the reaction is carried out at .

atmosphenc pressure.

The compounds of the formula (III) are known perseto the person Skilled intheart or
can be prepared by customary methods known from the literature, for example by '

reactrng the correspondmg benzaldehydes wrth cyanothroacetamlde Reference ‘may

_be made in particular to the following pubhcatlons the respectlve content of Wthh 1S

expressly mcorporated herem by way of reference:

* Dyachenko et al Russran Journal of Chemlstry, Vol 33 No. 7, 1997, pages
1014 to 1017 and Vol 34, No. 4, 1998 pages 557 to 563; '

. Dyachenko et al., Chemlstry of Heterooychc Compounds Vol 34, No 2, 1998 ‘
pages 188 to 194 ' ' ’ ' '
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e (intela et al., European Journal of Medicinal Chemistry, Vol. 33, 1998, pages
887 to 897;

o Kandeel et al., Zeitschift fiir Naturforschung 42b, 107 to 111 (1987).

Thus, for example, 1t is also possible to prepare compounds of the formula (II) from
compounds of the formula (IV) by reaction with an alkahh metal sulphide. This

preparation method can be illustrated, by way of exarnple,' by the following formula

scheme:

07
/(CHz)n
S.. - NC N
. Na” "Na -
HN . N N SH
(IV)

(I1)

The alkali metal sulphide used is preferably sodium sulphide in an amount of from 1

to 10 mol preferably from 1 to 5 mol, in particular from 1 to 4 mol, based on 1 mol

of the compounds of the formula (IV)

‘Suitable solvents are all orgarric 'solvents 'w‘hich are inert under the reaction

condltlons These include, for example N N-dlmethylformarmde N-rnethylpyrrol-

idinone, pyrldme and acetonitrile. Preferenee is grven to N N-dlmethylformamrde It

1S also possrble to use mixtures of the solvents mentloned above.

‘The reactlon 18 generally camed out m a temperature range of from +20°C to

+140°C, preferably n the range frorn +20°C to +120°C, n partrcular at from +60°C

“to +100°C.
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The reaction can be carried out at atmospheric, elevated or reduced pressure (for

example in the range from 0.5 to bar). In general, the reaction is carried out at

atmospheric pressure.

The compounds of the fon_nula (III) are either commercially available or known to

the person skilled in the art or can be prepared by customary methods.

T'he compounds of the formula (IV) are either commercially available or known to
the person skilled in the art or can be prepared by customary methods. Reference

may be made, in particular, to the following publications, the respective content of

which is expressly incorporated herein by way of reference.

"o Kambe et al., Synthesis, 531 to 533 (198'1);

e Elnagdi et al., Z. Naturforsch. 47b, 572 to 578 (1991).

" The pharmaceutical activity of the compounds of the formula (I) can be explained by

their action as selective ligands on adenosine Al receptors. Here, they act as Al

~ agonists.

Surprisingly, the compounds of the formula (I) have an unforeseeable useful

pharmacological activity spectrum and are therefore suitable in particular for the

prophylaxis and/or treatment of disorders;

. Comparcd to the pnor art, the compounds of the formula (I) accordmg to the

‘invention have 1mproved phannacokmetlc pr0perttcs in particular better- .

bioavailability after oral administration. .

The compounds of the formula (D), alone or in combmatlon w1th one or more other-
active compounds are sultable for thc prophylams and/or treatment of vanous,‘:
'dtsorders 1e In partlcular for example d1sorders of thc cardtovascular system |
(cardlovascular disorders). Acttve compounds sultable for combinations are in

‘ partlcular active compounds for treatmg coronary heart disease, such as, for cxample

In partlcular nltrates beta blockers calcium antagomsts or dllll'etICS
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In the context of the present invention, cardiovascular disorders are to be understood

as meaning, in particular, for example the following disorders: coronary restenosis,

such as, for example, restenosis after balloon dilation of peripheral blood vessels,

tachycardia, arrhythmias; peripheral and cardiovascular 'disorders, stable and

unstable angina pectoris, atrial and ventricular fibrillation.

. The compounds of the formula (I) are furthermore also particularly suitable for

example for reducing the size of myocardial area affected by an infarct.

The compounds of the formula (I) are furthermore particularly suitable, for ex’ample;

for the prophylaxis and/or treatment of thromboembolic disorders and ischaemias,

“such as myocardial infarction, stroke and tranSitory 1schaemic attacks.

Further areas of indication for which the cOmpoundS ‘of the formula (I) are

' _partiCularly suitable aré, for example, the prophylaxis and/or treatment of disorders

of the urogenital region, such as, for example, irritable bladder, erectile dysfunction

‘and female sexual dysfunction, and additionally also the prophylaxis and/or
treatment of inflammatory disorders, such as, for example, asthma and inflammable _

“dermatoses, of neuroinflammatory disorders of the central nervous system, such as,.

for example, conditions after cerebral infarction, Alzheimer’s disease, furthermore

also neurodegenerative disorders, as well as pain, and cancer.

A further particular area of indication 1s, for example, ‘the prophylaxis and/or

.'tréatrnent of disorders of the respiratory- tract, such.as, for eXample; asthIha, chronic

bronchitis, pulmonary emphysema, bronchiectases, cystic fibrosis (mucoviscidosis)

- and pulmonary hypertension.

'Finally', the -compouhds of the formula (I) are in parti¢ular also suitable, for example,

~for the prophyl'axis and/or treatment of diabetes, in particular diabetes mellitus..
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The present invention also relates to the use of the compounds of the formula (I) for

preparing medicaments for the prophylaxis and/or treatment of the clinical pictures

mentioned above.
The present invention furthermore relates to a method for the prophylaxis and/or

treatment of the clinical pictures mentioned above using the compounds of the

formula (I).

The subject-matter of the present invention furthermore includes medicaments

comprising at least one compound of the formula (1), preferably together with one or

more phannacologi-cally. acceptable auxiliaries or carriers, and their use for the

‘purposes mentioned above.

Suitable for administering the compounds of the formula (I) are all customary
administration forms, 1.e. oral, parentersl, inhalative, nasal, sUblingUal, rectal, local,

such as, for example, in the case of implants or stents, or external, such as, for

example, transdermal. In the case of parenteral administration, particular mention
‘may be made of intravenous, intramuscular and subcutaneous administration, for

_ example as a subcutaneous 'depot. Preference is given to oral or parenteral

administration. Particular preference is given to oral administration.

Here, the active compounds ‘can be administered on their own Or in the form of

- preparatlons Suitable prepa_ratlons for oral admlmstratlon are inter aha tablets

' -capsulcs pellets sugar-coated tablcts plllS granules sohd and liquid aerosols,

syrups emulsmns suspensmns and solutions. Here the active compound has to be

- present m such a ‘quantity that a therapeutlc effect is obtamed In gcneral the actlve

compound can be present In a concentration of from 0.1 to 100% by welght

particular from 0.5 to 90% by we1ght preferably from 5 to 80% by wclght In

particular, the concentrauon of the active compound should be from 0.5 to 90% by _

‘weight, i.e. the active compound should be present 1n quantmes sufﬁclent to achleve' o

the dosage range mentioned.



10

15

20

25

30

Le A 35 640-FC

CA 02469586 2004-06-08

- 15 -

To this end, the active compounds can be converted in a manner known per se to the

customary preparations. This is achieved using inert nontoxic pharmaceutically

suitable carriers, auxiliaries, solvents, vehicles, emulsifiers and/or dispersants.

Auxiliaries which may be mentioned are, for example: water, nontoxic organic

solvents, such as, for example, paraffins, vegetable oils (for example sesame oil),

- alcohols (for example ethanol, glycerol), g’lchls (for example polyethylene glycol),

solid carriers, such as natural or synthetic 'g'round minerals (for example talc or
silicates), sugars (for example lactose), emulsifiers, disperSants (for example

polyvinylpyrrolidone) and glidants (for example magnesium sulphate).

In the case of oral administration, tablets may, of course, also contain additives such

as sodium citrate, together with adjuvants such as starch, gelatin and the like.
Aqueous preparations for oral administration may furthermore be admixed -With _.

flavour enhancers or colorants.

In_general, it has been found to be advantageous to administer, in the oase of

parenteral administration, quantities of from about 0.1 to about 10000 pg/kg,

' preferably from about 1 to about 1000 ug/kg, n partlcular from about 1 ug/kg to

about 100 pg/kg, of body weight, to obtaln effective results. In the case of oral

admlmstratlon the quantlty is from about 0.05 to about > mg/kg, preferably from
' about 0. 1 to about S mg/kg, In parttcular frorn about 0 1 to about 1 mg/kg, of body

weight.

In splte of thts it may st111 be requlred dependmg on body weight, admlmstratlonf ‘

' route 1nd1V1dua1 response to the active compound the type of preparatlon and the

time or interval at Wthh admuustratlon takes place to deviate from the quantltles '

mentloned

The_ preseut invention 1S illust.rated by the ,foiloWing' non-limiting preferred eXamples,, R

which do not restriot the invention in any-way.'
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In the examples below, the percentages are, unless indicated otherwise, in each case

based on weight; parts are parts by weight.

A. Assessing the phzsiological aCtiviQ_i

I Detecting the cardiovascular effect

After the thoraxhas been opened, the heart 1s rapidly removed from anaesthetized
rats and introduced into a conventional Langendorff apparatus. The coronary arteries
are perfused at constant volume (10 ml/min), and the resulting perfusion preSsure 1S
recorded by way of an appropriate pressure sensor. 'In-this se‘t-u'p, a decrease 1n the
perfusion pressure corresponds to a relaxation of the coronary arteries. At the same

time, the pressure which the heart develops during each contraction 1s measured by

'way of a balloon, which has been introduced into the left ventricle, and a second

pressurei sensor. The frequency of the heart, which is beating in iSol_ation, 1S

calculated from the number of _CQntraCtions per time unit.

In this expenimental set-up, the following values were obtained for the reduction in
heart rate (the stated percentage refers to the reduction of the heart rate in'p.er cent at

the concentration in question):

Compound of Example | Reduction of the heart rate in pe_f cent at a concentration
. - of '
[ 107 g/ml | 10%gml

T T 15.0%

e S e K o e B Mg et i Wi e e o g e R - e H e e o e e oo e N et gy S - e
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I1. Determining the adenosine Al, A2a, A2b and A3 agcnism
a) Determining the adenosine agonism indirectly by way of gene expression

Cells of the CHO (Chinese Hamster Ovary) permanent cell line are transfected stably
with the cDNA for the adenosine receptor subtypes Al, A2a and A2b. The adenosine
Al receptors are coupled to the adenylate cyclase by way of Gi proteins, ‘while the
adenosine A2a and AZb receptors are coupled by way of Gs protelns. In
correspondence with this, the formation of cAMP in the cell is inhibited or

stimulated, respectively. After that, expression of the luciferase is modulated by way

~of a cAMP-dependent promoter. The luciferase test is optimized, with the aim of

high sensitivity and reprcducibility, low variance and good suitability for '
implementation on a robot system, by varying several test parameters, such as cell

derisity, duration of the growth phase and the test incubation, forskolin conceutratiou |

~ and medium composition. The following test protoccl 1s used for pharmacologically '

characterizing cells and for the robot-assisted substance test screening;

The stock cultures are grown, at 37°C and under 5% CO, in DMEM/FIZmedium.-

containing 10% FCS (foetal calf serum’) and in each case split 1:10 after 2-3 days.

- The test cultures are seeded in 384-well plates at the rate of from 1 000 to 3 000 cells

- per well and grown at 37°C for approx 48 hours, The medlum is then replaced w1th '

25

a physmloglcal sodlum chloride solutlon (130 mM sodium chlonide, 5 mM potassium
chloride, 2 mM calcmm chlonde 20 mM HEPES I mM magnesmm chlonde 6H20

- 5 mM NaHCOs3, pH 7.4). The substances, which are dlssolved in DMSO are diluted

1:10 three times W1th this physiological sodlum chloride solutlon and plpetted into

- the test cultures (maximum final concentratlon of DMSO in the test mixture: 0. 5%) -

In this way, ﬁnal substance concentratlons of for example from 5 uM to 5 nM are

obtained. 10 mmutes later, forskolin is added to the Al cells and all the cultures are
subsequently incubated at 37°C for four hours. After that, 35 ul of a solution whmh
is composed of 50% lysis reagent (30 mM disodium hydrogenphosphate 10%
glycerol, 3% TntonXlOO 25 mM TnsHCl 2 mM d1th10thre1tol (DTT) pH 7. 8) and

_ '50% lu01ferase substrate SOlUtIOIl (2.5 mM ATP 0.5 mM luciferin, O. 1 mM

o coenzyme A, 10 mM tncme l 35 mM magnesmm sulphatc 15 mM DTT pH 7 8)'. .
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are added to the test cultures, the plates are shaken for approx. 1 minute and the

luciferase activity is measured using a camera system. The adenosine-analogous

compound NECA (5-N-ethylcarboxamido-adenosine), which binds to all adenosine

receptor subtypes with high affinity and possesses an agonistic effect, is used in these
experiments as the reference compound (Klotz, K.N., Hessling, J., Hegler, I,
Owman, C., Kull, B., Fredholm, B.B., Lohse, M.J., Comparative pharmacology of
human adenosine receptor subtypes - characterization of stably transfected receptors

in CHO cells, Naunyn Schmiedebergs Arch Pharmacol, 357 ( 1998), 1-9).

The following Table 1 gives the values which were cbtained for the stimulation of

different adenosine receptor subtypes by different concentrations of the compound

from Examples 1 and 6.

Table 1: Stimulation of adenosine receptors by different concentrations of the

compound from Examples 1 and 6

'Receptor Example 1 Example 6

subtype ' _
10nmol | 1nmol | 0.3nmol | 10nmol | 1nmol | 0.3 nmol |

Al T % | 1% | 56% | 7% | 2% | %%

“75'5““““*“ 2% | 2% | 1% | 2% 4% | 0%

A%b ,2% 9% | 3% |0

The table gives the % values of the correSpondmg reference stlmulus The measured '
values for the A2a and A2b receptors are values in per cent of the maximum

strmulatlon achreved by NECA the measured values for the Al receptor are values ‘

In per cent fcllowmg direct prestlmulatlon of the adenylate cyclase with 1 umolar -

' forskolm (corresponds to the 100% value) Al agonrsts accordrngly exhrbrt a

decrease in the actwrty of the luC1ferase (measured value less than 100%)
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b) Determining the adenosine agonism directly by way of detecting cAMP

Cells of the CHO (Chinese Hamster Ovary) permanent cell line are transfected stably
with the cDNA for the adenosme receptor subtypes Al, A2a, A2b and A3. The _-
binding of the substances to the A2a or A2b receptor subtypes is determined by
measuring the intracellular CAMP content in these cells using a conventlonal

radioimmunological assay (cAMP RIA, IBL GmbH, Hamburg, Germany)

When the substances act as agonists, the binding of the substances is expressed as an

increase in the intracellular content of cAMP. The adenosine-analogous compound

NECA (5-N-ethylcarboxamido-adenosine) which binds all adenosine Teceptor
subtypes with high affinity but not selectlvely and possesses an agonistic effect, 1s
used as the reference compound Iin these experiments (Klotz, K.N., Hesslmg, ). o

Hegler, J., Owman, C., Kull; B., Fredholm, B. B., Lohse, M.J,, Comparatrve

_ pharmacology of human adenosine receptor subtypes - characterrzatlon of stably

' transfected receptors 1n CHO cells, Naunyn Schmredebergs Arch Pharmacol 357

(1998), 1-9).

The adenosine receptors Al and A3 are coupled to a G; protein 1.€. Stimulation of

these receptors leads to inhibition of the adenylate cyclase and consequently toa

'lowenng of the intracellular cAMP level In order to identify A1/A3 receptor

agonists, the adenylate cyclase is stimulated with forskohn However, an addrtional

strmulatron of the Al/A3 receptors 1nh1b1ts the adenylate cyclase which means that

Al/A3 receptor agomsts can be detected by a comparatrvely low content of cAMZP in
the cell.

- In order to detect an antagomstrc effect on adenosme receptors the recombinant cells _.

. -whrch are transfected with the correspondmg receptor are prestrmulated W1th NECA
‘and the effect of the substances on reducing the intracellular content of cAMP o

occasroned by thls prestlmulation 1S 1nvest1gated XAC (xanthme amine congener) "
which binds to all adenosme receptor subtypes with hrgh afﬁmty and possesses an

o antagomstlc effcct s used as the reference compound in these expenments o
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(Miiller, C.E., Stein, B., Adenosine receptor antagonists: structures and potential

‘therapeutic applications, Current Pharmaceutical Design, 2 (1996) 501-530).
.  Pharmacokinetic investigatiOns

" Pharmacokinetic data were determined after administering vanous substances 1.v. or.

p.o. as solutions to mice, rats and dogs. For this, blood samples were collected up to

24 hours after admimstration. The concentrations of the unaltered substance were
determined by bioanalytical methods (HPLC or HPLC-MS) in the plasma samples

10 which were obtained from the blood samples. Pharmacokinetic parameters were
subsequently ascertained from the plasma concentration time courses which had been

obtained in this way. The following Table 2 gives the bioavailability in the different

species.

15 Table 2: Bioavailabilities following oral administration

Example 22in | notpossibleto | notpossibleto |  1.47%
| WO00/125210 |  determine* |  determine* | (at1mgkgp.o.)

(at 3 mg/’kg_p.o.); l (at 10 mg/kg P.0.)

Compound from | 315% | 50% | 326%

Examplel | (at 1 mgkgp.o) | (at3mgkgp.o.) | (at3 mg/kg p.0.)
Compound from | 41.3% 42.3% o 28.5%

‘ 'Exampl-e 6 ‘ (.at 3mg/kg p.o.) B (at 1 mg/kg p.o.).

(at 3 mg/kg p.0.)

* Plasma levcls at all measurement 'ti‘me points were below the determination limit
- (<lpgh)
20 -
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B. Working examples
Abbreviations used:
DBU 1,8-diazabicyclo[5.4.0jundec-7-ene
" DMF ' dimethylformamide
ESI . - electrospray 1onization (for MS)
HEPES . 2-[4-(2-hydroxyethyl)piperazino Jethanesulphonic acid
HPLC o high pressure, high performance liquid chromatography
b.p. , .' boiling point
MS mass spectroscopy
NMR - - - nuclear magnetic resonance spectroscopy
p.a... . pro analysi
RT - room temperature
Tnis : - 2-amino-2-(hydroxymethyl)-1 ,3—pr0panediol'



Le A 35 640-FC

CA 02469586 2004-06-08

-2 .

Preparation Examples

"Example 1

5 2-—Amino-4-,[_4-(2-methoxyeth_oxy)phenyl]-6-'[(3-pyridinylmethyl)sulphanyl]pyridine~

3,5-dicarbonitnle
Step 1:

10 4-(2-Methoxyethoxy)benzaldehyde

- 146. 5 g (1.2 mol) of 4- hydroxybenzaldehyde are dtssolved in DMF, and 20g
15 (0 12 mol) of potassium 1od1de 134.6 g (1.2 mol) of potassrum tert-butoxide and
170.2 g (1.8 mol) of 2-chloroethy1 methyl ether are added. The reaction mixture 1s
stirred at 80°C for 16 h. For work-up, the reaction mixture 1S concentrated under
reduced pressure. The residue 1s taken up in 11of cthyl acetate and extracted with
- 051 of IN aqueous sodrum hydroxrde solutlon The ethyl acetate phase is drled .

20  using magnesium sulphate and concentrated under reduced pressure The re81due

obtarncd after concentration 1s drstrlled under htgh vacuum (bp. = 100°C at " :

' -0 45 mbar) Thrs grves 184.2 g (85% of theory) of product

_ MS (ESIpos) m/z =181 (M+H) . - :
25 IH NMR (300 MHz, CDCl), 5=3. 5 (s 3H); 3.8 (tr 2H); 4.2 (t, 2H) 7.0 (d 2H)
- 7.8(d, lH) 9.9 (s, 1H). ‘ '
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Step 2:

2-Amino-—4-[4-(2-methoxyethoxy)pheny1]-6~su1phanylpyridine-3,5-dicarbonitrile

18 g (100 mmol) of 4- (2 methoXyethoxy)benzaldehyde 10 g (200 mmol) of
cyanothroacetamlde and 20.2 g (200 mmol) of N-methy]morphohne in 100 ml of

ethanol are heated under reflux for 3 h After coohng, the prec1p1tated crystals are

.ﬁltered off with suctron washed ‘'with a little ethanol and dried under reduced

pressure This glves 12 g (31% of theory) of product Wthh contains 0.5 mol

equivalent of N-methylmorphohne
MS (ESIpos) m/z = 327 (M+H)

. H -NMR (300 MHZ DMSO- dg): 0 = 2.8 (tr, 4H N-methylmorphohne 81gnal) 3. 3 (s '

3H) 3. 7 (m, 2H + 4H N-methylmorphohne 51gna1) 4.2 (tr 2H) 7.1 (d 2H) 7.4 (d, '
2H); 7.6 (s broad 2H)

-Step 3:

2- Ammo 4- [4 (2 methoxyethoxy)phenyl] 6- [(3-pyndmylmethyl)sulphanyl]pyndme-

3 5 dlcarbomtrlle
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4.28 g (11.36 'mrrml; the starting maten'al contained 0.5 mol equivalent of
N-methylrnorpholine; accordingly, the purity was 86.6%) of 2-amino-4-[4-(2-
methoxyeth‘oxy)phenyl]-6-su1phanylpyridine-3,5--earbonitrile are dissolved in 40 ml
of DMF p.a. 3. 3'4 g (39.75 mmol) of' sodium bicarbonate and 2.48 g (15.1 mmol) of
3-picolyl chlonde hydrochlonde are then added The suspension is stirred at RT
ovemlght 40 ml of ethanol are added and the mlxture 1S then heated to about 40°C.
19 ml of water are then added dropmse The precipitate 1s filtered off w1th suction
and dried under reduced pressure This gwes 3.70 g (7 8% of theory) of produet .
MS (ESIpos): m/z = 418 (M+H) ' .

'H=NMR (300 MHz DMSO- dﬁ) § = 3 3 (s, 3H); 3.7 (tr, 2H); 4.2 (1, 2H); 4.5 (s
2H);«7.1 (d, 2H); '7.35. (dd, 1H); 7.45 (d, 2H); 7.9 (d tr, 1H); 8.1 (s, broad, 2H), 8.45
d, 1H); 8.75 (d, 1H). -

Example2 : .

2- Amrno 6- [(2-chloro ] 3 thlazol 4-yl)methylsulphanyl] [4-(2-methoxyethoxy)
phenyl]pyndme-3 5-dicarbonitrile
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100 mg (0. 31 mmol) of 2- ammo-4 [4-(2- methoxyethoxy)phenyl]-6-sulphany1- '
pyndme -3,5 dlcarbomtnle are dlssolved in 1 ml of DMF. 103 mg (1.23 mmol) of

.sodlum bicarbonate and 77.2 mg (0.46 mmol) of 4- chloromethyl -2-chloro-1,3-

thiazole are then added. The suspension is shaken at RT overmight, and water 1is
added. The precipitate is filtered off with suction, washed with ethanol and diethyl
ether and dried at 40°C under reduCCd. pres'sure.. This gives 123 mg (88% of theory)

of product
MS (ESIpos): m/z = 458 (M+H) . ,
_IH—NMR (300 MHz DMSO-dg) 5 = 33 (s, 3H) 37 (tr 2H) 42 (tr, 2H); 4.5 (s,

2H); 7.1 (d, 2H) 7.45 (d, 2H); 7 B (s lH) 3.05 (s, broad, 2H)
Example 3

2- Am1no-4 [4-(2-methoxyethoxy)phenyl] 6 [(2-phenyl ] 3-thlazol 4- yl)methyl-—
sulphanyl]pynd1ne-3 5- dlcarbomtnle "

o - Gt
B ', )/0 L /r .
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100 mg (0.31 mrnol) of 2-amino-4-[4-(2-methoxyethoxy)phenyl]-6-sulphanyl-
pyridine-3,5-dicarbonitrile are dissolved in 1 ml of DMF. 103 mg (1.23 mmol) of
sodium bicarbonate and 96.4 mg (O 46 mmo.l) of 4-chloromethyl-2-phenyl-1, 3.
thiazole are then added. The suspensron 1S shaken at RT overmght and water is
added. The precipitate is filtered off with suction, washed with ethanol and diethyl

ether and dried at 40°C under reduced pressure. This gives 149 mg (97% of theory)
of product. '

MS (ESIpos): m/z = 500 (M+H)"
'"H=NMR (300 MHz, DMSO-dg): 0 = 3. 3 (s, 3H); 3.7 (tr, 2H) 4. 2 (tr, 2H); 4.5 (s
2H); 7.1 _(d, 2H); 7.5 (m, 5H), 7.8 (s, 1H); 7.9 (m, 2H); 8.05 (s, broad, 2H)..

Example 4

2-Amino-4-[4- (2-methoxyethoxy)phenyl] -6- [(2 th10phen-2-y1) 1 3-th1azol«-4 yl)
methylsulphanyl]pyrldlne-B 5- dlcarbomtrlle '

100 mg (0. 31' mmol) of 2-amino-4-[4- (2-methoxyethoxy)pheny1]"6 sulphanyl-
pynd1ne-3 5- dlcarbonltnle are dlssolved in 1 ml of DMF. 103 mg (1 23 mrnol) of
sodlum brcarbonate and 96 4 mg (O 46 mmol) of 4-chlorornethyl-2 (thlophen-2 yl)
1,3-thiazole are then added The suSpensmn 1S shaken at RT overnrght and water 1s'
added The preerpltate 1S ﬁltered off with suction, washed W1th ethanol and dlethyl "
cther and dned at 40°C under reduced pressure ThlS glves 146 mg (84% of theory) o

of product
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MS (ESIpos): m/z = 506 (M+H)"
'H=NMR (300 MHz, DMSO-ds): & = 3.3 (s, 3H); 3.7 (tr, 2H); 4.2 (tr, 2H); 4.6 (s,
2H); 7.15 (m, 3H); 7.5 (d, 2H); 7.65 (d, 1H); 7.75 (d, 1H); 7.8 (s, 1H); 8.1 (s, broad,

2H).
S
Example S
2-Amino-4-[4-(2-methoxyethoXy)phenyl]-6-[(2-(thiophen-3 -y1)-1 ,3-thjaz_ol-4-yl)-—
methylsulphanyl]pyridine-3,5-dicarbonitrile '
10 '

CN -
s

100 mg (0.31 mmol) :of- 2-'amino-4-[4-(2-meth0xyethoxy)pheny1]-6-sulphany1-
pyridine-3,5- dic’arbdnitrile are dissolved in 1 ml of DMF. 103 mg (1.23 mmol) of
15  sodium b1carbonate and 96.4 mg (0.46 mmol) of 4- chloromethyl 2- (thlophen- -yl) |
' 1,3-thiazole are then added The suspensmn is shaken at RT overnight, and water is

- added. The pre01p1tate is filtered off Wlth suction, washed W1th ethanol and dlethyl' '
- ether and dried at 40°C under reduced pressure ThlS glves 141 mg (82% of theory) o
- of product. | ' ' | o ‘

20  MS (ESIpos): m/z = 506 (M+H)

 'H=NMR (300 MHz, DMSO- dé) 5 3.3 (s, 3H); 3.7 (r, 2H) 42 (ir, 2H); 4.6 G,

' ,2H) 7.15 (d, 2H); 7.5 (4, 2H) 755 (d lH) 77(dd 1H); 78(s IH) 81 (s broad-
2H)815(d 1H). R o ' -

25
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Example 6

2-Amino-6-({ [2f(4-ehlorophenyl)- 1,3 -thiazol-4-y1]methy1} sulphauyl)-4- [4-(2-
hydroxyethoxy)phenyl}pyridine-3,5-dicarbonitrile

Route |

st step:

_ 2-Arnino-4-[4-(2-hydr0xyethoxy)phenyl]-6-sulphanylpyridine-3,S-dicarbonitrile

OH

CN

NH

12.46 g (75 mmol) of 4-(2-hydroxyethoxy)benzaldehyde, 15.02 g (150 mmel")' of
eyanothio’acetamide and 15.15 g (150' mmol) of N-methylmorpholine are initial'ly

charged in 75 ml of ethanol and heated under reflux for 3 h. After cooling, the
- reaction solution is concentr’ated under reduced pressure. The residue is dissolved in
1IN aqueous sodium hydrOX1de solution and washed twice with ethyl acetate. The'

' ‘aqueous sodium hydroxide phase is acidified with 1N hydrochlonc acid and the

precipitated crystals are filtered off with suction and dried under reduced pressure at |

45°C. ThlS gwes 12.05 g (51% of theory) of product.

MS (ESIpos): m/z = 313 (M+H)", 330 (M+NH4)

H—-NMR (300 MHz, DMSO d6) 5 = 3. 7(t 2H) 4.1 (t 2H) 7.1 (d 2H) 74(d 2H)
80(brs 2H) ' - o .
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2nd Step:

2-Amino-6-({[2-(4-chlorophenyl)-1,3-thiazol-4-yljmethyl} sulphanyl)-4-[4-(2-
hydroxyethoxy)phenyllpyridine-3,5-dicarbonitrile '

CN o
S/\E ?’_@—Cl

6.91 g (22. 12 rnmol) of 2-amino-4- [4—(2 hydroxyethoxy)phenyl] 6-su1phany1-

pynd1ne-3 5- d1carbon1tr11e are dissolved in 150 ml of DMF. 7. 44 g (66.35 mmol) of

1 8-d1azablcyclo[5 4. O]undec-—7 -ene and 10. 8 g (44.24 mmol) of 4- chloromethyl- 2-"

N (4—chlor0pheny1) | 3 thiazole are then added The suspensmn 18 stlrred at RT '

15

overnight, 50 g of silica gel are added and the mixture 1S concentrated under reduced

- pressure. The substance mixture on the silica gel 1s punﬁed by chxomatography on

silica gel (mobile phase: toluene to toluene/ethyl acetate, 1:1 mixture). This gives

3.5¢ (47% of theory) of prcduct

- MS (ESIpos): m/z = 521 (M+H)"

IH--NMR (300 MHz, DMSO-dg): 6-—-3 7 (dt 2H) 4.1 (t, 2H); 4.6 (s 2H) 4.9 (t, lH)
71(d 2H) 74(d 2H) 75(d 2H); 7.9 (m, 3H); 8.1 (brs, 2H).

20
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Route 2:

Alternatively, the product can also be prepared without 1solating 2-amino-4-[4-(2-
hydroxyethoxy)phenyl]-6esulphanyl—3,5-—pyridinediCarbonitrile. by reacting 2-[4-—(2-
hydroxyethoxy)ébenzylidene]malononitrile with 2-cyanothioacetammde and 4-chloro-

methyl-2-(4-chlorophenyl)-1,3-thiazole:
/st step:

2-[4-(2-HydroXyethoxy)-benzylidene]malononitrile -
OH

N
' NC._~
'CN

1000 g (5.85 mol) of 4-(2- hydroxyethoxy)benzaldehyde and 425 g (6.43 mol) of
malonodmltnle are dissolved in 5000 ml of 1sopropyl alcohol and 5 g (O 059 mol) of |
pipenidine are added. The mixture is heated to 80°C for 16 hours and then cooled to
3°C in order to 1solate the product. The product is filtered off and washed W1th 400
ml of 1ce- cold 1sopropy1 alcohol Then it is dned in vacuo (40 mbar) at 50°C for 45

hours

~ Yield: 1206 g (94 6 % of theory) of shghtly yellow crystals -'

'H (400 MHz, CDCly): 3.95 - 432m(4 H), 6.95 - 7.15 (m, 2H) 7.61 (s, 1H), 785-

7.95 (m, 1H)
2nd step.

4-Chloromethyl-2-(4-chlorophenyl)-1,3-thiazole
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. Cl
HN_ S . . ' /\/___
+
o A e —
Cl
Cl

171.65 g (1.0 mol) of 4-chlorothiobenzamide are dissolved in 550 ml of 1sopropyl
alcohol and 133.3 g ( 1.05 mol) bf 1,3-dichloroacetone are added at a temperature of a
maximum of 30°C over a period of 3 hours. The mixture is subsequently stirred at
5  40°C for 5.5 hours and at 20°C for 10 hours. In order to complete the reaction the
mixture is then heated to 55°C for 7.5 hou.fs._ The product. is isolated by cooling to
10°C and adding 950 ml of water. The pH value 1s adjusted to 4 to 5 using sodium
hydroxidé solution and the product is filtered off with suction. -
Yield: 220.9 g (91 % of theory) of white to slightly yellow crystals.
10 'H (400 MHz, CDCl;): 4. 90 (s, 2H, CHg) 7.5 - 7.55 (m, 2H), 7.85 (s, 1H, thiazole),

7.9 -7.95 (m 2H)

3rd step:

15 2- Amino-6-( {[2-(4-chlor0phenyl)- ] ,3-thiazoi-4~yl]methyl} sulphanyl)-4-[4-(2-
hydrOxyethoxy)phenyl] -3,5 -pyridinedicarbbnitrile

20 4284 g (2.0 mOl)ﬂ of 2‘-'-['4-‘-(2-hydroxy_ethoxy)-ben2y1idene]malononitrile,. 108.4 g
(1.05 mol) of 2-cyanothioacetamide and 244.1 g (1.0 mol) of 4-chloromethyl-2-(4-
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chlorophenyl)-1,3-thiazole are suspended in 3.4 litres of methanol and 556.1 g (3.0

‘mol) of tributylamirie are added over a pertod of 60 minutes. The mixture is

subsequently stirred for 20 hours at room temperature and the product is filtered off.
After drying in vacuo, the crude product (360.8 g, crude yield: 70 % of theory) 'is
suspended 1n 3 litres of dichloromethane and stirred for 2 hours at 35°C. The product
1s filtered off and dn'edin a high vacuum. The crystals, which are now white, can be
punfied further by recrystalliZation from tetrahydrofuran/water (1:1).

Yield: 353.5 g (68 % of theory) of white crystals
MS(EI): m/z = 520.00

Example 7

2- Arn1no-4 [4-(2-methoxyethoxy)phenyl] 6- [(2-pyndmylmethyl)sulphanyl]pyndme- -

3.5-dicarbonitrile

c
+ |
7
N
S

100 mg (O 31 m‘mol) ~of 2-amino-4-[4'-(2-methoxyethoxy)pheny1] 6-su1phanyl-' |

_ ..pyndlne -3.5 dlcarbomtrlle are dissolved in 1 ml of DMF. 103 mg (1.23 mmol) of
. sodlum bicarbonate and 75.4 mg (O 46 mmol) of 2-p1colyl chlonde hydrochlonde are -

then added The suspensmn is shaken at RT overmght and water 18 added The_‘

) precrpltate 18 ﬁltered off W1th suctlon washed with ethanol and diethyl ether and

_ _dned at 40°C under reduced pressure This grves 104 mg (81% of theory) of produet R
' MS (ESIpos) m/z = 418 (M+H) '
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'H=NMR (300 MHz, DMSO-de): & =3.3 (s, 3H); 3.7 (tr, 2H); 4.2 (tr, 2H); 4.6 (s,
2H); 7.1 (d, 2H); 7.4 (dd, 1H); 7.45 (d, 2H); 7.65 (d, 1H); 7.75 (tr, 1H); 8.0 (s, broad,
2H); 8.5 (d, 1H). ' '

5 EXamEle 8

2-Amino-4- [4-(2-—methoxyethoxy)phenyl]-6- [(2-methyl-1,3-thiazol-4-yl)methyl-
sulphanyl}pyridine-3,5-dicarbonitrile '

N
S/\E ;}-—(:H3

10

100 mg (0.31 mmol) of 2-an1ino-4¥[4-(2-_-methoxyethoXy)phenyl]-6-solphanyl-
P)’ﬁdihe-3 S-dicarbonitnie are dissolved in 1 ml of DMF 103 mg (1.23 mmol) of
sodium bicarbonate and 90.5 mg (0.61 rnmol) of 4- chlorornethyl 2-methy1-l 3-
15 thiazole are then added ‘The suspension 1s shaken at RT overmght and water 1S
added The pre01p1tate is filtered off with suctlon and dned at 40°C under reduced
pressure Thls glves 88. 8 mg (66 2% of theory) of product B '
. MS (ESIpos). m/z = 438 (M+H)

20 Examgle9 |

2 Ammo-4 [4 (2—methoxyethoxy)phenyl] 6- [(2 amino- 1 3-th1azol-4-yl)methyl- -
sulphanyl]pyndme-3 5 dlcarbomtrlle '
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.
S
J

100 mg (0.31 mmol) of 2-arf1ino-4-[4-(2-methoxyethdxy)phenyl]-6-su1phanyl-
pyridine-3,5-dicarbonitrile are dissolved in 1 ml of DMEF. 103 mg (1.23 mmol) of '
sodium bicérboriate and 68.3 mg (0.46 minol) of 4-’ch10r0methyl-2-amino-l,3-
thiazole are then addcd. The suspension is shaken at RT overnight, and water is
added. The precipitate 1S ﬁl_tered off with suction, washed with ethanol and diethyl
ether and dnied at 40°C under reduced pressure. This gives 115.9 mg'.(86.'2%-of

theory) of product
MS (ESIpos) m/z = 439 (M+H)

Example 10

- 2-Amino- 4 14-(2- methoxyethoxy)phenyl] 6 [(2 (2-pyr1dyl) -1,3- thlazol-4-y1)methyl-
. sulphanyl]pyndme-3 5- dlcarbomtnle
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15
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. water + 0. 3% tnﬂuoroacetlc ac1d) 0 min 10% A 2 O min 10% A; 6 0 min 90% A;
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50 mg (0.15 mmol) of 2-amino-4- [4 (2-methoxyethoxy)phenyl] 6-sulphanyl-

pyndine-3,5-dicarbonitrile are dissolved in 1 ml of DMF 51.5 mg (0.61 mmol) of

sodium bicarbonate and 58.6 mg (0.23 mmol) of 4-chlotomethy1-—2-(2-pyr1dyl)-1,3-
thiazole are then added. The suspension 1s shaken at RT overnight, and water is
added. The precipitate is filtered off with suction, washed with ethanol and diethyl

ether and dnied at 40°C under reduced pressure This gives 67.4 mg (87.9% of
theory) of product. |

MS (ESIpos): m/z = 501 (M+H)

Example 11

2-Amino-4-[4- (2-hydr0xyethoxy)phenyl] 6- {[(2-methyl | 3~th1azol-4-yl)methyl]

_ sulphanyl}pyndme—3 5 dicarbonitrile

31.2 mg (0. 1 mmol) of 2-arn1no 4- [4 (2-hydroxyethoxy)phenyl] 6 sulphanyl— ~

pynd1ne-—3 5- dlcarbomtnle are d1ssolved in 0.3 ml of DMF 33.6 mg (0.4 mmol) of
sodlurn blcarbonate and 26. 7 mg (0. 15 mmol) of 4-methy1 2 chloro-l 3 thlazole
hydrochlonde are then added The suspensmn 1S shaken at RT overnight, ﬁltered and' .
purlﬁed by preparatlve HPLC [column Macherey-Nagel VP 50/21 Nucleosﬂ 100-5

C18 Nauttlus 20 x 50 mm; ﬂow rate 25 ml/mm gradlent (A = acetomtnle B=

2
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7.0 min 90% A; 7.1 min 10% A; 8.0 min 10% A;_detectioni 220 nm]. Concentration
of the appropriate fraction gives 20.2 mg (47.7% of theory) of product.
MS (ESIpos): m/z = 424 (M+H)"

Example 12

2-Amino-6-{[(2-amino-1 ,3-thiazol—4—y1)methyl] sulphanyl} -4-14-(2-hydroxyethoxy)-

phenyl}pyridine-3,5-dicarbonitrile

31.2 mg (0.1 mmol) of 2-amino-4- [4 (2-hydr0xyethoxy)phenyl] 6- sulphanyl-
pynd1ne-3 5-dicarbonitrile are dlssolved in 0.3 ml of DMF 33.6 mg (0.4 mmol) of
sodium blcarbonate and 22 3 mg (0.15 mmol) of 4 amino- -2-chloro-1,3 thiazole are
then added. The suspension 1s shaken at RT overmght ﬁltered and purified by
preparatlve HPLC [column Macherey-Nagel VP 50/21 Nucleosﬂ '100-5 C18

Nautilus, 20 x 50 mm; ﬂow rate 25 ml/mm gradlent (A = acetomtnle B= water +

0.3% trlﬂuoroacetlc acnd) 0 mm 10% A; 2. 0 min 10% A 6 O min 90% A 7.0 min

, 90% A 7.1 min 10% A; 8.0 min 10% A, detectwn 220 m‘n] Concentratlon of the-

appropnate fractlon glves 35 7 mg (84 1% of theory) of product

' MS (ESIpos) m/z = 425 (M+H)

o Example 13
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2-Amino-4-[4-(2-methoxyethoxy)phenyl]-6-({ [2-(4-—morpholinyl)-1 ,3-thiazol-4-yl]-
methyl } sulphanyl)pyridine-3,5-dicarbonitrile

Step 1.

4-[4-(Chloromethyl)-1,3 -th1azol-2-yl]morpholine

S

10 11.51 g (78.76 nunol)‘ of 4—morpholinecarbothioamide and I0.00 g (78.76 rhmol) of
- dichloroacetone in 100 ml of ethanol are heated under reflux for one hour. The
colourless solid which precipitates from the pink solution is, after cooling, filtered

off with suction and washed twice with ethanol. Thas gives 12.96 g (75% of theory)
of product. ' ' '

‘15 MS (ESIpos): m/z = 219 (M+H)*

Step 2: _ -
2-Amino-4-{4- (2-methoxyethoxy)phenyl] 6- ({[2 (4—morphohny1) 1 3 thlazol 4-y1]
' methyl}sulphanyl)pyndme 3,5- dlcarbonltnle

G
¢

20

2 g (6 13 rnmol) of 2—ammo-4 [4 (2-methoxyethoxy)phenyl] 6- sulphanylpyndme—l
3 ,5- dlcarbomtnle and 2 68 g (12 26 mmol) of 4-(4- (chloromethyl) 1,3 thlazol 2-y1] "
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morpholine are dissolved in dry DMF (50 ml), and 1.83 ml (12.26 mmol) of DBU
are added. After 3 hours of stirring at RT, the solvent is removed using a rotary

evaporator and the residue is purified by preparative HPLC (column: Kromasil 100

C18 250 x 20 mm, 10 um; acetonitrile/water gradient: 3 minutes of 10% acetonitrile

which 1s then, over a period of 30 minutes, increased to 80% acetonitrile; flow rate:
25 ml/min). This gives 1.70 g (55% of theory) of product. .

'MS (ESIpos): m/z = 509 (M+H) ..

'H-NMR (300 MHz, DMSO- d): & = 3.3 (m, 7H) 3.7 (m, 6H); 4.2 (tr, 2H); 4.4 (s,

2H); 6.95 (s, 1H); 7.15 (d, 2H); 7.45 (d, 2H); 8.0 (s, broad, 2H).

The examples listed in Table 3 were prepared analogouSIy to Example 13. The
chloromethylthlazoles used as starting materials are elther commerc:lally available or

can be prepared analogously to step 1 in Example 13.

) Table 3:
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Example _ Structure
' No.

14 ‘

15

- Expected

molar mass

467

492

468

493




= i

Example
No.
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Structure '

HO

Z
[

Expected
molar mass

467

444

445
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Exampie ' - Structure
No. ~

18

19

T
Expected M+H]
‘molar mass found
487 | 488
. - o '!
495 - 496
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Example  Structure Expected - [M+H]
No. o . molar mass found
20 . 334 - 335
| ,
1 ’*
| ' i
|
O

516 517




..JT*M
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- Structure

HO

L

@

Expected
molar

mass
502

453

503




Le A 35 640-FC

CA 02469586 2004-06-08

- 44 -

Expected [M+H]

Example . ‘Structure . .
" No. ' . | molar mass found
24 521 - 522
|
!.
590 | s

25
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Example - Structure | Expected [M+H]"
' No. | molar found
. mass
26 576 | 577
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Patent Claims

Compounds of the formula (I)

),

in which

- represents a number 2, 3 or 4,

represents hydrogen or (C;-Cq)-alkyl

- Tepresents pyndyl or th1azoly1 Wthh for its part may be substltuted by .

-(c_l' C4) alkyl, halogen,. amino, - dlmethylammo ‘acetylamino,

guanidino pytidylamino .thi'enyl furyl 1midazolyl, pyndyl .

_morphohnyl thlomorpholmyl p1per1d1nyl plperazmyl N-(Cl-—C4) -
'alkylplperazmyl pyrrohdmyl oxazolyl 1soxazolyl pynmldmyl

_pyrazmyl optionally (C1-Ca)- alkyl-substltuted thlazolyl or phenyl |
| .'whlch 1S optlonally substltuted up to three tlrnes by halogen (C1 Ca)-

alkyl or (C1 C4) alkoxy,

'andtheif salts, hydrates, hydrates of the sal_ts_and solvates.
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2. Compounds of the formula (I) according to Claim 1,

in which

represents the number 2,

represents hydrogen, methyl or ethyl,

represents pyridyl or thiazolyl which for its part may be substituted by
methyl, ethyl, fluorine, chlorine, amino, dimethylamino, acetylamino,

guanidino, 2-pyridylamino, 4-pyridylamino, thienyl, pyridyl,

~morpholinyl, pipenidinyl, optionally methylesubstituted ‘thiazolyl, or
phenyl which 1s optionally substituted up to three times by chlorine or

methoxy,

and their salts, hydrates, hydrates of the salts and solvates.

3. Compounds of the formula (I) according to Claim 1,

1n which

.repreSents t_he number 2,

- represents hy,'drogen' drmethyl

represents pyridyl or thiazolyl which for its part may be substituted by )
methyl, chlorine, amino, dimethylaﬁiinO, ' acetylamino, guanidino,

. 2-pyﬁdylamino, 4-pyridylamino, thienyl, pyridyl, morpholinyl, 2- .
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méthylthiazol-S-yl, phenyl, 4-chlorophenyl or 3.4,5-
trimethoxyphenyl,

and their salts, hydrates, hydrates of the salts and solvates.

4. Compound according to any of Claims 1 to 3 having the following structure

and itS salts, hydrates, hydrates of the salts and solvates.

5. Process for preparing compounds of the formula (1) as defined in Claim 1,

| chéracterized in that compounds of the fOrrnula-(II) .

o

1n which

Ii' and R? are as deﬁnedin Clai_m 1, -
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are reacted with ’compounds of the formula (I1II)
R*-CH,-X (111),
in which
R’  isasdefined in Claim 1 and X represents a leaving group.

10 6. Compounds of the formula (I) as defined in Claim 1 for the prophylaxis

‘and/or treatment of disorders.

7. Medicaments, comprising at least one compound of the formula (I) as defined
in Claim 1 and at least one auxiliary. ‘
15 '
8. Medicaments, comprising at least one compound of the formula (I) as defined
. in Claim 1 and at ]east one,ﬁnther active compound. _ ‘
9.  Use of compounds of the formula (1) as deﬁned 1n Claim 1 for preparing -
20 - medicaments for the 'prophylaxis and/or treatment of disorders of the '

cardiovascular system.

1'0'..' - Use of compminds of the formula (1) as defined in Claim l-forpreparing - -

medicaments for the prophylaxis_ and/or: treatment of disorders of the

25 , urogenital region andcanoer.

- 11.  Use of compounds of the formula (I) as deﬁned m Clalm 1 for prepanng -
medlcaments for the prophylams and/or treatment of mﬂammatory and
o neuromﬂammatory dlsorders neurode generatlve dlsorders and pam
30 ' ' '
Fetherstonhaugh

QOttawa, Canada .
- Patent Agents
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