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-pyridi ne-substituted nyrazol opyridi ne derivatives The present invention
relates to new chem cal conpounds which stinulate sol uble guanylate
cyclase, their preparation and their use ag . medi canents, in particular as
5 medi canents for the treatnent of cardiovascul ar di seases. st
i nportant cellular transm ssion systens in mammals is cycli cmw&ﬂ”mwmj
nonophosphate (cGwW). Together wi th nitrogen nmonoxi de (NO whichgys |

rel eased fromNéveperidiviensibistituted gvrazalopyridinddenivathies and nechani ca

signals, it 10 fornms the NO cGW system The guanyl ate cycl ases catal yse

t he bi osynthesis of cGW from guanosine triphosphate (GIP). The
representati V%eoéreééﬂt Sveftibd el%ﬁ@?%‘ nEk!vtc'B%cEiﬁ&l E@xﬂg&%o‘é" Nﬁi@ﬁ‘!tih{ﬁﬁé?e tséﬁg?le
groups according to structural teatures and according to the nature of the
| i gands: the pmatylatel@thsguhely lpadparatipal andetheir wise @b medicdneensd, iimpaati amdhr bag
natriuretic peptides, and the sol ubl e guanyl ate cycl ases, which can be 15
stinul atéd by mﬁélcamrélt%@rHmteeagnqﬁﬂfa@rg“wtq%éssee&?ﬁ-si st of two subunits
and very highly probably contain one haem per heterodiner, which is a part
of the regulatory centre. This has a central inportance for the activation
mechani sm  NO @@ obithel réit tifipottamncalhu®id @inshhigidineystans ih hdsmmarsk adbyclic
increase the activity of the enzyne. Haemfree preparations on the other
hand, cannot (avasesinamanehopphatgdcGAP). Jog¢ther with aistogen maapkide KNG witieh is

central iron atom.af.the, hae nere the stimulation by, COis. markedly.
over than t hat Chy NP MR ap bR S B hs PRl i PSR i o
phosphodigest erfagas thd NOIcGRENEtdin. ATk RhatyRitd chélngs amtdl e Uiht | igsynhReiefsfom
guanyl ate cycl ase plays a crucial 25 role in different physiol ogical
processes, i n 9S8YIPifenm graroging iephasphata(GER). dhd representasives ofothisomélydaoin
nmuscle cells, platel et, aggreqat.ion and adhesi.on and neurgonal signal ..
transmi ssi on, MR R dded Toiaitin Bt ecaieing 16 e e iescmiipCerding
abovenent i onedopheCRRSRSof i &lzaRdt hﬁ@%ﬁ&hﬁg'gﬁh ﬁfene{,aas@y,slvhwhecm&G\/P
system may be suppressed, which can |ead, for exan}p’)I e, 1o high blood
pressure, 30 pliatuidted bupabirinadticopeptides; med sledsadeble gpamliate eycbsesnwhehdantbel i al

dysfunct.i_on, . -2 atherosclerosis, angina pectoris, cardiac . nsufficiency,
Chr onbodde. sisHgibaEh Y LDl sRAMIRE ReIeideORtiE el ntBHBLS P Py of
treatnment for gi3eastabRf cdnbdi® ohy Rfem B Rdledodimer! #hEH!SY Ak ditht YENEHG the

cGWP signal pathway in organisns, IS a prom sing approach on account of the
hi gh ef fi ci encgnamdlHiphasa dentedll imposanshifahtharaetivasidnemeotpeste dNO [Eam bind to

t herapeutic stjmulation of the sol uble guanylate cyclase, hitherto
excl usi vel y 1GL%6rr9ﬁcﬁ59st°fsthE fhagmg @Hq%l’ﬁ g“ﬁ%’h%i‘??aﬁ%w BBty e‘é‘? RhY8e
action is basg, NN preparations on the other hand, cannot be stimulated by NO. CO is also

20 able to attack at the central iron atom of the haem, where the stimulation by CO is

markedly lower than that by NO.

Owing to the formation of cGMP and the regulation of phosphodiesterases, iron
channels and protein kinases resulting therefrom, guanylate cyclase plays a crucial
25 role in different physiological processes, in particular in the relaxation and
proliferation of smooth muscle cells, platelet aggregation and adhesion and neuronal
signal transmission, and in diseases which are based on a disturbance of the
abovementioned processes. Under pathophysiological conditions, the NO/cGMP
system may be suppressed, which can lead, for example, to high blood pressure,

30 platelet activation, increased cell proliferation, endothelial dysfunction,
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~This is formed by bioconversion and activates the sol ubl e guanyl ate cycl ase
by attacks on the central iron atom of the haem Besides the side effects,
t he crucial disadvantages of this manner of treatnent includes the

devel opnment of tolerance. 15 In recent yeats, a few substances have been
descri bed which stinulate soluble guanyl at® cyclase directly, i.e. without
prior release of NO for exanple

3- (5" -hydroxynet hyl -2' -furyl)-1-benzylindazole (YC-1, Wi et al., Blood 84
(1994), 4226; aMerdsstehoset, angina Brectodis, Rlaediamdosuffidizacy, 1$9athboses 1 sirokeatany

aci ds (Gbldbengﬂft al ., J. Biol. Chem 252 (1977), 1279),

di phenyl i odoniThYACAEHAl iRfaEt-ophosphat e (Petti bone 20 et al., Eur. J.

Pharmacol . 116 (1985), 307), isoliquiritigenin (Yu et al., Brit. J.
Pharmacol . 114 (1995), 1587) and various substituted pyrazol e derivatives
(WD 98/ 16223) . AFrINOimdependent possilzitityo py rttedtment dfer | digdakesesf hisiv etypeewhich is
described as stinulators of 25 sol uble guanyl ate cyclase in WD 98/ 16507, WD
98/ 23619° WO 08BHES6H, InfiErnring i s CMD wab 38y axnth WS0ErP1954 PlomigiRgse
pat ent applicat,i \/ Y ANIP - I L4 e

pyrimdine r a%&)kxg):ﬁélla Rﬂt%cga‘gltg%s{hth ﬁ{cl)%? %@J#r%g n%‘? %?-vs tgl HIE ?@ff%ﬁ%b/é%%%? y
high in vitroeapédted.ty with respect to the stinmulation of soluble guanylate
cycl ase. However, it has been seen that these conpounds have 30 sone

di sadvantages with respect to their in vivo properties, for exanple their
behavi our -2 in the liver . thei h ol oai cal aviour ., their.
dose-response Pr%éltg?rla ‘ﬁlsuﬁi sﬁlr%ya&lﬂ]ef)g t}%et(gl {élgg 5 glgz}%?’%ﬁe ﬁg‘ﬁtﬁ%ﬁ*{?‘?o WAS usively

t her ef or@ t he cohipeahdsoduch e dREMSE Ritratdd HRINE bBeh hdP Whvsdlgctioar ik Maked on NO.
pyrazol opyridine 5 derivatives which act as stinulators of soluble

guanyl at e cyclTse is Bermeghby Pieronrersionaand adgiivated dhe riohbileo guanydite ayokist &yes
of the conpounds from,the prior art. i.s.abject .i.s achi.eve ccording.to
Che present i duashe g tis, corpial Son it sl e LBPhr Ryl BRGVHR SfedtaBE i
pyrazol opyri didiaddgithgedlof WS mahfer&f srehoifdvt MoRMePhedetblopmentifdbleRneadi cal
in the 3 position which has a certain substitution pattern, nanely a

pyridine radical in the 5 position of the pyrimdine ring and an am no
group in_the posi ti on of the rimdine ring. Specifically, the present
Pvent! O rel oo Ve o iyt RBLaTes g (s destitien v, Sl SoERe
represents 4- pybheh@YloyQhse3-daebilgli ¥l witRodtepries eRlicast of NHROOT fdraleRfiaple and
salts, isonmers and hydrates thereof.

3-(5’-hydroxymethyl-2’-furyl)-1-benzylindazole (YC-1, Wu et al., Blood 84 (1994),

4226; Miilsch et al., Br. J. Pharmacol. 120 (1997), 681), Fatty acids (Goldberg et al.,

J. Biol. Chem. 252 (1977), 1279), diphenyliodonium-hexafluorophosphate (Pettibone

20 et al., Eur. J. Pharmacol. 116 (1985), 307), isoliquiritigenin (Yu et al., Brit. J.
Pharmacol. 114 (1995), 1587) and various substituted pyrazole derivatives (WO

98/16223).

Furthermore, pyrazolopyridine derivatives have be¢n described as stimulators of
25 soluble guanylate cyclase in WO 98/16507, WO 98/23619, WO 00/06567,
WO 00/06568, WO 00/06569 and WO 00/21954. In these patent applications,
pyrazolopyridines are also described which have a pyrimidine radical in the 3 position.
Compounds of this type have a very high in vitro activity with respect to the stimulation
of soluble guanylate cyclase. However, it has been seen that these compounds have

30 some disadvantages with respect to their in vivo propetties, for example their behaviour
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-4 In an alternative enbodi nent, the present invention relates to conpounds
.of the formula (I) in which 5 R represents 4-pyridinyl or 3-pyridinyl; R2
represents H NH2 or C; and salts, isonmers and hydrates thereof. 10 In a
further alternative enbodi nent, the pr esenst invention relates to conpounds
of the formula (1) in which R represents 4-pyridinyl or 3-pyridinyl; 15 R2
represents H and salts, isoners and hydrates thereof. 20 The conpounds of
the forrmula (I) according to the invention can also be present in the form
of their salt s$n therdivgertbeinlpharsmtologiniltiehavigem theirodose-mespgrsei relabasship or theici ds
may be nmentioned h In.the context of the present invention,

physi ol ogi cal IBF %Pé’ﬁé%‘(o&ma W) ts are preferred. 25 Physiol ogically
acceptabl e salts of the conpounds according to the invention can be salts
of the substances according to the invention with. mneral acids,

carboxyl i ¢ acilusawtherefdrp hensbgecaof the. prélant ineention Ity provideefurther pg,aiztok)pyﬁdune
exanpl e, _are those with hydrochloric acid, hydrobromc acid, sulphuric

aci d, phésphodeBvativegwh %@%égw}ﬁm%soa&lﬂgua@mw%ephahw’&lchép ast have
pto acet i o S ipbvafifiond? AR Mo Eﬁ&S?fa?rFar R o T e act a.
fumaric acid) nmalefic acid or benzoic acid.
This object is achieved according to the present invention by the compounds
according to Claim 1. These new pyrazolopyridine derivatives are distinguished by a
10 pyrimidine radical in the 3 position which has a certain substitution pattern, namely a

pyridine radical in the 5 position of the pyrimidine ring and an amino group in the

4 position of the pyrimidine ring.

Specifically, the present invention relates to the compaounds of the formula (I)

15
R NH,
R2 \ N
N /
7 \ )
N Vi
N N
F

in which

20 R represents 4-pyridinyl or 3-pyridinyl;
R? represents H, NH; or halogen;

and salts, isomers and hydrates thereof.



|

~ Physiologically acceptable salts can |ikew se be netal or amonium salts of
.t he conpounds according to the invention which have a free carboxyl group.

Those particularly preferred are, for exanple, sodium potassium nagnesium

or calcium5 salts, and al so ammoni um salts which are derived from amoni a,

or organi c amines such as ethyl am ne, di ~4%t triet hyl am ne, di- or

t.ri et hanol am ne, dicycl ohexyl am ne, di nethyl am noet hanol, arginine, |ysine
or ethyl enedi am ne. The conpounds according to the invention can be present
in tautoneric fornms. This 10 is known to the person skilled in the art, and
forms of this_ type are |ikew se included by the scope of the invention. The
cormpounds accH} @n rRyemative, émwmqtowcc@ﬁsqﬂﬁ ARYFEFAP (TElatE cl9r COmPQuURgs 1o rthe of

t heir possi bl Ab Wthin the scope of the invention, half
represents flﬁoor?%{%{e@@ﬁvlvlg%?ne, brom ne and i odi ne. The conmpounds of the
formula (1) according to the invention can be prepared by the 20 reaction
of the conpound of the formula (11) NH HNN-" Nn NF A wth a conpound
of the fornul B (I Tepressnts 4-pyridipyl RE3-pyridinyl;

R’ represents H, NH, or CI,

and salts, isomers and hydrates thereof.,
10
In a further alternative embodiment, the present invention relates to compounds of

the formula (I) in which

R' represents 4-pyridinyl or 3-pyridinyl;
15

R? represents H;
and salts, isomers and hydrates thereof.

20 The compounds of the formula (I) according to the invention can also be present in
the form of their salts. In general, salts with organic or inorganic bases or acids may

be mentioned here.

In the context of the present invention, physiologicall)fl acceptable salts are preferred.
25 Physiologically acceptable salts of the compounds ac¢ording to the invention can be
salts of the substances according to the invention with:mineral acids, carboxylic acids
or sulphonic acids. Particularly preferred salts, for example, are those with
hydrochloric acid, hydrobromic acid, sulphuric acid, phosphoric acid,
methanesulphonic  acid, ethanesulphonic  acid, p-toluenesulphonic  acid,
30 benzenesulphonic acid, naphthalenedisulphonic acicil, acetic acid, propionic acid,

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



R (Ill) where R is as defined above; 5 if appropriate in an organic
solvent, with heating to give the conpound of the formula (1); 10 or B)
with a conpound of the fornmula (1V) O O H5C20 ~ ~OC2H5 (1V) R where 15 R
ts as defined above; in an organic solventy; with heating to give conpounds
of the fornmula (V) 20F~N/Ni~NN\d—?'HORN) 1i where R1 is as
defined above; 5

Physiologically acceptable salts can likewise be metal or ammonium salts of the
compounds according to the invention which have a free carboxyl group. Those
particularly preferred are, for example, sodium, potassium, magnesium or calcium
5 salts, and also ammonium salts which are derived from ammonia, or organic amines
such as ethylamine, di- or triethylamine, di- or triethanolamine, dicyclohexylamine,

dimethylaminoethanol, arginine, lysine or ethylenediamine.
The compounds according to the invention can be prdsent in tautomeric forms. This
10 is known to the person skilled in the art, and forms of this type are likewise included

by the scope of the invention.

The compounds according to the invention can furthermore occur in the form of their

possible hydrates.
15
Within the scope of the invention, halogen represents fluorine, chlorine, bromine and
iodine.
The compounds of the formula (I) according to the invention can be prepared by the
20 reaction of the compound of the formula (II)

NH
H,N
B
N/ \_ 4
N\
N Ity
F

A) with a compound of the formula (III)
25



1

subsequently with a hal ogenati ng agent to form conpounds of the fornula
(VI) F (VI) 10 where R is as defined above; R2 represents hal ogen; 15 and
also finally with aqueous ammoni a sol ution with heating under el evated
pressure. The conpound of the formula (11),can be prepared according to the
foll owi ng 20 reaction schene: rv R Rz1£', -g_ NCOOO(Na salt) F
--..r ENNW /NOF --~ NNw /N"' N N~ H The conpound of the formula (I1)
is obtainable in a nmulti-stage synthesis fromthe sodium salts of ethyl
cyanopyruvate, which is known fromlie Rl € ure (Borsche and 5
Mant euf fel , Liebigs. Ann. Chem 19341 51 97). By reaction thereof with
2-f1 uor obenzyl hydrazi ne wi th heating!and ghder a progigcti ve gas atnosphere
in an inert solvent such as di oxane, ethyl

5-am no-1- (2-fl uor oidenzyl ) pyrazol e3- car boxyl ate i s obtai ned, which cyclizes
by neans of reaction with dinmethylam noacrolein in the acidic nedi umunder
a protective gas atnosphere and

R! is as defined above;
5
if appropriate in an organic solvent, with heating to give the compound of the
formula (I);
or
10
B) with a compound of the formula (IV)
@] O
Hsczo/u\HJ\OCsz V)
R
where
15
R! is as defined above;

in an organic solvent, with heating to give compounds of the formula (V)

N
S N
l//N
)
N
N7\
— /—OH
HO ,
R

20



!

.10 with heating to give the correspondi ng pyridineiderivative. This
pyridine derivative, ethyl !
1- (2-fluorobenzyl)-1H pyrazol o] 3, 4-b] pyri di ne~3-car boxyl ate, is converted
by neans of a nmulti-stage sequence, consi§§[ng of conversion of the ester
into the correspondi ng am de using amoni a, dehydration using a dehydrating
agent such as trifluoroacetic anhydride to give the corresponding nitrile
derivative, reaction of the 15 nitrile derivative w th sodi um et hoxi de and
final reaction with anmmonium chloride) into the conpound of the fornula
(). F H\W\ NHZ The ,conpounds of the fornmula (111) can be prepared fromthe
conpounds t-butoxyBW?Fﬁinethylanino)nethane and 4-pyridylacetonitrile or
-9 3-pyridylacetonitrile, which are conmercially obtainable (e.g. from
Al drich), by reaction of these reactants, preferably in equinolar anmounts,
preferably at norm®R preésaudedinadidbaviet h stirring of the reaction solution
for a nugber of hours, for exanple 2 hours, at elevated tenperature, for
exanpl e 60-130C, preferably 80-120C, in 5 particular 100C. The reaction of
t he conpounds of t i | ; i Me &Hﬁgs fathe
formula (1) can beQggtg;eraiﬁtg}dﬁyg(t?Jv‘t”(Hbya ulgzgg%e&hﬂtl#e ééeéggtﬁgntfé&l?neeq I Mo aPpatrlr%unts
or using the conpodonnué(Yhe fornmula (111) in a slight excess in an organic
solvent, for 10 exanple a hydrocarbon, preferably an aronmatic hydrocarbon
and in particular xylene, preferably in fhe presence of 0.1-1 equivalent,
preferably 0.3 equivalent, of a Lew s acid h as BF3Et 20 or
trimethylsilyl trifluorosul phpnate (TMSOTf eferably at normal pressure
and with stirring of the reaction sol utje a nunber of hours, for
exanmpl e 12 hours, at elevated tenperatdre, Yor exanple 80-160C, preferably
15 100-150C, in particular 140Cy TheCouapounds of the formula (IV) are

b f ,6m Mercachen) or are preparable in a
way known to one skilled in the art”. 20 The conversion of,,the conpounds of
the formulae (11) and (1V) into the corno nds of the forﬁ% a (V) can be
carried out by using the reactants iny&€quiml ar anounts or by using the
conpound of the formula (I1V) in a slight s in an organic solvent, for
exanpl e a hydrocarbon, preferably an, ti c hydrocarbon and especially
tol uene, preferably at atnospheric Pressure and stirring the reaction
solution for 25 several hours, for exanple 12 hours, at el evated
tenperature, for exanple 80-160C, preferably 100-150C, especially 140C. The
conversion of the conmpounds of the formula (V) into conpounds of the
formula gVI) can bgyesd ri ed out by reaction of the conpounds of the fornula
(V) with 30 a hal ogenating agent, optionally in an organic sol vent
customarily used for such reactions, for exanple dinethylformm de (DW),
preferably at atnogpheri.c defi &Owgressure and stirring of the reaction
sol ution for severdt hodt® d&iGpd a1 e 3 hours, at el evated tenperat ure)
for exanple 80-160C, preferably 100-120C. It is preferable according to the
invention to use POQ 3 as hal ogenating agent. 5 The conversion of the
conpounds of the f & mul aerfredentsitatagenhe conpounds of the formula (1)
accordiqg to the invention can be carried out by reaction of the conpounds
of the fiormula (VI) with agueous ammoni a sol ution preferably at el evated
pressure, for exa g £l j i t
the reaction takersn%l %ﬁé‘%\é’ %%@g%l{tmg&aégp %S@ﬁ?&y %ﬁg@@uﬁghgﬁéﬁﬁﬁéﬁr\r{(ig%ﬁvg%ﬁ
m xture) and 10 st ipresswg. of the reaction solution for several hours, for
exanple 12 hours, at elevated tenperature for exanple 80-160C, preferably
100- 150C, especially 140C. The conpounds of the fprnula (I') according to
t Qtei L?tvsnt | ON FROVAPodH’ O BREESRIE (HRICHA e pB&ich! 4bRind RGHB GBI SWing !

20 reaction scheme:




1

15 The conpounds of the formula (1) lead to vasorelaxation, inhibition of
pl atel et aggregation and to a |owering of blood préssure and to an increase
in the coronary blood flow. These actions are nediated via direct
stimul ati on of sol ubl e guanyl ate cycl ase 9@9 an intracellular cGw
i ncrease. Mreover, the conmpound of the formula 20 (1) according to the
i-nvention potentiates the action of substances which increase the cGW
| evel , for exanple EDRF (endotheliumderived relaxing factor), NO donors,
pr ot opor phyrin | X, arachidonic acid or phenyl hydrazine d atirves. They
can therefore be enployed in medicanents for the treat
cardi ovascul ar 25 di seases, for exapple for the treatnen
pressure and d¥kdi a® i nsuf ficiency Abl e and unstabl e angin
peri pheral and c ac vascul ar dik
treatnment of thronb
infarct, stroke, tr#énsiNory and ischaenyg attacks, peripher ircul atory
di sorders, preventi‘on of restenoses such ag after thronbosis 30\thsrapy,

. . 2
per cut aneous tranzlu nal angi opl asty (PTA),” percutaneous transf/um¥\al.
coronary angiopla.w®§%¥WCA), bypass and al so for the treat ment Of
arteriosclerosis, -11 asthmatic conditions and di seases of the urogenital
system such as prostate hypertrophy, erectile dysfunction, fermale sexual
dysfunction, osteoporosis, oparesi s and i ncontinence. chonpounds
of the fornmula (1) described the present invention are active
conpounds for the control ofM~digeases in the central nervoBg st em whi ch
are characterized by disturbancgs of the NO cGW system |In paryicular)
they are suitable0or i Wpromin N.he percepti or—eoencentrati on pgwder,
| ear ni ng power or nenory p r cognitive disorders, sly”asyoccur, in
particular, in 10 situatiokRs/d ses/syndrones such as m i
i npai rment, age-associ at ed d nmenory di sorders, %
nenory | osses, vascul ar denentia, ramieeerebral trauma, stroke,
whi ch occurs after strokes (post-sStroke denentia), post-traunatif
crani ocerebral trauma, general concentration disorders, concentration
di sorders in children with | earning and nenory problens, Al zheinmer's 15
di sease, vascufiRr cdﬁ%ﬁ%ﬂﬁ iR th&l edFRINd BT obediare fo4 'nﬁﬁti-s@!a%ﬁ%%t’h@sié"‘_frhﬁm the
degeneration of the frontal |obes including Pick's denmentia; Parkinson's
di sease) pr ogrsedsinysalts wf ethat cypabpyruvaleweich & knowvin foom thedabmsat (Borsche and

degenerat on, ol ateral sclerosis (AL Hunt. i on' s di sease, ltiple
sclerosi 9, t hﬂg%ﬁ‘:f?‘é‘i Jd%‘?fé?-aﬁ"&n,é@r%uﬁ)?%‘él g%a&%@ Eﬁ’rréﬁ‘iqugf‘ Flﬁevr{’geﬁ‘é‘ﬁti a,
schi zophr eni a Ju l i

suitable for t ea‘%}rog%e tﬁgﬁ{ed@%?gé@g %r&s%{ﬁ%Q?eﬁﬁoFegpe%grgggﬁlg&g%rggrr]naguch
as states of dnet etsplvehensudn asnd dieqanessetpl, OSemtinadl-(2Afdworobesmzyl)pyrazole-
systemrel at ed, sexual dysfun%tlons and sl eep, di sorders) and. for t

he |
regul ation of HEATROIYFcdP @OEERTer VNEFh ¢ REFIZES 0OYt i BFATST Plootfactqay, with
coffee, etc. Wl : i are
ol 50 sui tabi e e aaunolfoldhfiine Sidlc i ETRIE: o padedny & SFATRALR R
ef fecti vi® agenvish heatinghte giventhe aorre$pontlipgepynidine Tdeeiyativee Thlisspyriding ddxivativer
t he prophyl axis and control of ¢the squﬁgl e of cerebral infarcts (cgrebral
apopl exy), such¥s!-63-Hlupebenzyhel-gyrazelohhdinygidineds -carhar dater &prFofveted by

trauma. The CIHmaY gcgvs?%uﬁit@aggogéaugfce< ;pb?)gla@gjﬁf @Qn{ﬁ?%i&b%fi (Y &3fel- QReaC A3

| i kewi se be enploy or the Tontr b con I ons.
corresponding amide using ammonia, dehydration using a dehydrating agent such as

hi gh bl ood
pectoris,
t he

trifluoroacetic anhydride to give the corresponding nitrile derivative, reaction of the
15 nitrile derivative with sodium ethoxide and final reaction with ammonium chloride,

into the compound of the formula (II).

The compounds of the formula (III) can be prepared from the compounds

t-butoxybis(dimethylamino)methane and 4-pyridylacetonitrile or



x
1 -12 The conpounds according to the invention noreover have
anti-inflammtory action and can therefore be enployed as anti-inflamuatory
agents. 5 The invention noreover includes the conbi nati on of the conmpounds
of the forrmula (1) according to the |nvent%on with organic nitrates and NO
donors. Organic nitrates and NO donors in the context of the invention are
general |y substances which display their therapeutic action via the rel ease
of NO or NO 10 species. Sodiumnitroprusside, nitroglycerin, isoSorbide
dinitrate, iscspyrislylaseionitles twhicle arenspimpseinily obiin q\L(q_galfl@HprPelﬂE\Eh)e@y The

t { { hi bi.t
the. br eakdown TCTRY T R atseaeB BTk AR Srlirbe e BEHE T hesy ot Mo
particul ar, 13résivelintorith Qfrrikk0F MRGEicEiDh 36REBS fdr a AurARY o'?hoﬂx‘%”ﬁ)%ké’:hb‘l@e
according to Beavo and Reifsynder (1990) TIPS 11 pp. 150 to 55. By neans

of these inhi lﬁhcmr‘s attelevagast temrperdfturieh dorc exapaple - EXCCr @rafgabbr 8(Ihé2®%lxent| on
i s potentd at ed ”]ﬁ %gm red pharmacol ogi cal effect is increased. 20

Bi ol ogi cal inP& {oubaé @its Vasorel axant action in vitro Rabbits are stunned
by a blow to the neck and exsangui nated. The aorta is renmpved, 25 freed
from adherent tissue, divided into rings 1.5 nmw de and individually
transferred uﬂilerrea:tmne:tfehs compounds oﬁthmfogmnlaba(ﬂhanat(iiﬁ[t)am giveghe compounds

car bogen- aer at K ebs:- Hensel eit so]lution of the follown osition (mMV)
at 37C. Nadl : O?d‘af oppla F@ an %WCLO% byitge of theyigagiants lweq%mo af AMOURIAB( 4.

1.2; NaHCO03: 2 T gﬂm n
St at ham UC2 cgm1ng, tHg%éﬁ ngrgld falﬂg f é{i g@ +|§zszal tgé}c?r%alﬂgdhgé gwgg%lg%&/te?)trer S
( DAS- 1802 HC, eXemplel aelyydrmtbannprdfaam rancah)matﬂ:rhydrmdmdeﬁhdlim ppaicalal @)lens)

| i near recorders duce a contraction hen hrine is -13 added
to the bath CLHWfF‘a“P&/ |PﬁesFﬂ??r%faé~|1h‘ge%‘b‘ﬁ‘l"é‘ tBrg F OAfetqéP"a?é‘%é?faﬂ Lewist r ol

phssage in i ﬁ%?@fai’c{@ﬁgaszﬁ%?%dn&‘éf{é#tﬂﬂﬁé‘* uorRtAgh f&ﬁ”ﬁ%’st 157 Berbtibh
i s Conpared wirobhmalhsressateginid with tshmng(xrﬂthaeetabﬁm scﬂaxidskeﬁbrl amdrhlﬁerloﬁsxbum firi ous

passage. Fromthis, the concentration is 5 calculated which is necessary in
order to reduckample Heihghts. it elgeated Hemperatiae.y forn pxanple( Be46P°C.TReclereblxdar d

adm ni stlrsati 0']069'56'9@, 1h$aﬁ1cmar%€°é.he proportion of DMSO in the

The compounds of the formula (IV) are commercially obtainable (for example from

Mercachem) or are preparable in a way known to one skilled in the art.

20 The conversion of the compounds of the formulae (II) and (IV) into the compounds
of the formula (V) can be carried out by using the reactants in equimolar amounts or
by using the compound of the formula (IV) in a slight excess in an organic solvent,
for example a hydrocarbon, preferably an aromat:ic hydrocarbon and especially
toluene, preferably at atmospheric pressure and sti;rring the reaction solution for

25 several hours, for example 12 hours, at elevated temperature, for example 80-160°C,

preferably 100-150°C, especially 140°C.

The conversion of the compounds of the formula (V) into compounds of the
formula (VI) can be carried out by reaction of the cor‘hpounds of the formula (V) with
30 a halogenating agent, optionally in an organic solvent customarily used for such

reactions, for example dimethylformamide (DMF), preferably at atmospheric
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bath sol ution corresponds to 0.1 % The result is Shown below in Table 1:
Tabl e 1: Vasorel axant action in vitro 10 Exanple No.ICSO [~ Mi - ~

0. 6641. 21 Determ nation of the liver clearance in vitro Rats are

anest heti zed, heparinized, and the liver i,g profused in situ via the portal
artery. 15 Ex vivo, the primary rat hepat’&@;'/tes are then obtained fromthe
l.iver by neans of coll agenase solution. 2 106 hepaocytes per m were

i ncubated at 37C with the same concentration in each case of the conmpound
to be investi paissute aftsticey efatbe redctivmeolutibs feratererabhdugs,i fiov esamplat3debumsyer

time was determ ned bioanalyticall H , LC/ Tl uyo ence or
LG/NENE) at & P Tates fepteraie: 7 esdmolt B0 oD rmrelepoly WP ABEY BOS arctratte
after the Stahbcdlink RS HRhlon S 08 BOCH o hiiBebl:ARg apae. Was cal cul ated by
means of the ce(fl count and l|iver weight. Detgrmn tfon of the plasma

cl earance in vivo 25 The substance to be investigated is adm nistered

Intravengusly _to rats via the tail vein as solutjon. At fixed points in
time, bldod i SheAeBMCTFIOBMRTtHE @W@Pnﬁeﬁawﬁ%alaaﬁ%} ) ftadhe cPmpaRdsi feihe

t heref rom by ?&Wﬁ?%lkoﬁb@{nrﬁ@%’?ﬁ@inIE'x‘?tio?lup.ﬁﬁ adécféaﬁn%dq&}ﬁnbgf teGlion of the
bi oanal ytically 1n e plasma. e pharmacoki netic paraneters are

cal cul ated fr eompbends of e dbasuta Cdhoeith raueas- hinmonin okesn deeferablned in
this way by neans of conventional non-caonpartpental nethods used for this

purpose. The @kaaiedPressuiantor snample|byroadpting the eactionin 3y afeslare srdatihe ch,

contains the SoRaanAAkeGHes bRE oE AEIRAEIS AR i AR OHCRYRLE g

processqgg for stifithgPsfodle Gédceibn @blutibe F6r f¥veRahadns Ofs exdiiflealt hdies, woeROEEd can
optionally al so be present in mcroencapsulated formin one or nore of the
vehi cl es i ndi ¢emperatypoies exapgple 80-160°C, preferably 100-150°C, especially 140°C.

The compounds of the formula (I) according to the invention show an unforeseeable,
valuable spectrum of pharmacological activity.
15
The compounds of the formula (I) lead to vasorelaxation, inhibition of platelet
aggregation and to a lowering of blood pressure and: to an increase in the coronary
blood flow. These actions are mediated via direct stimulation of soluble guanylate
cyclase and an intracellular cGMP increase. Moreover, the compound of the formula
20 (I) according to the invention potentiates the action of substances which increase the
c¢GMP level, for example EDRF (endothelium-derived relaxing factor), NO donors,

protoporphyrin IX, arachidonic acid or phenylhydrazine derivatives.

They can therefore be employed in medicaments for the treatment of cardiovascular
25 discases, for example for the treatment of high blood pressure and cardiac
insufficiency, stable and unstable angina pectoris, peripheral and cardiac vascular
diseases, of arrthythmias, for the treatment of thromboembolic diseases and
ischaemias such as myocardial infarct, stroke, trahsitory and ischaemic attacks,
peripheral circulatory disorders, prevention of restenoses such as after thrombosis
30 therapy, percutaneous transluminal angioplasty (PTA), percutaneous transluminal

coronary angioplasty (PTCA), bypass and also for the treatment of arteriosclerosis,
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~ The therapeutic reactive conpound of the fornula. (1) should be present in
t he abovenentioned pharnmaceutical preparations in & concentration of
approximately 0.1 to 99.5% by weight, preferably of approximately 0.5 to
95% by weight, of the total m xture. 15 Aﬂzrt fromthe conpounds of the
formula (1) according to the invention, the abovenenti oned pharnmaceuti cal
preparations can al so contain further pharmaceutical active conpounds. 20
In general, it has proven advantageous both in human and in veterinary
medi ci ne t o adsthmiatit econditéonac tnd edisgangso wfidthac umgdhnite) systanhesuchnee rgrosatei n

total amounts of approximately 0.01 to approximately 700, preferably Q.01
to 100, ny/ kg hé/pergggg,y,mrvﬂ?e eggfwoi‘@“ho{)ﬁe%a?e i Pe’%‘BLr gbs(f)fp%&t&n-, noftﬁ%po}{;%‘?n of
several indi Vi%ﬁﬁ?&paf@i%%d iﬁ&nﬁﬁm&‘é."e the desired results. An individual

dose contains e ‘act1ve conpound according to the 25 invention preferably
i n anmobunts from approximately 0.1 to approximately 80, in particular 0.1 to
30, ng/&g of body weight. The present invention is shown belowin greater
detail wPth tHdegompepndsoef the formula (I} desaribed in tie RIgeehp IyENtion argRlsaacived

ot herwi se, all | tFathve . t ' .
71575 Exanpl es ML b R of Fhithits it BE RIS ALY SSleMEUBth e,
acet at e m chl ehapeexadbdpzdismrtupces of kthé YNOAGNIRL gsrem) ulnapatticglagciirly @eetic

aci d/ phosphate buffer pH 6 (50:9:25.15; org. phase) N, N-di nethyl fornmam de
10 DVF: El uentsultghie tfar Ampegyang ¢he paisepsina miopeentration - pawslege lparning tpgyer or

acetate (1:1) rr]‘e‘rfn(;rr}' I]:Jtogéq : aée?l %ggﬁtiie n&ﬁs&%@&' gujchl)as occur, in particular, in
10 situations/diseases/syndromes such as mild cognitive impairment, age-associated
learning and memory disorders, age-associated memory losses, vascular dementia,
craniocerebral trauma, stroke, dementia which ocdurs after strokes (post-stroke
dementia), post-traumatic craniocerebral trauma, geineral concentration disorders,
concentration disorders in children with learning and memory problems, Alzheimer’s

15 disease, vascular dementia, dementia with Lewy bodies, dementia with degeneration
of the frontal lobes including Pick’s dementia, Parkinson’s disease, progressive

nuclear palsy, dementia with corticobasal degeneration, amyolateral sclerosis (ALS),
Huntington’s disease, multiple sclerosis, thalamic éiegeneration, Creutzfeld-Jacob
dementia, HIV dementia, schizophrenia with dementia or Korsakoff psychosis. They

20 are also suitable for the treatment of disorders of the central nervous system such as
states of anxiety, tension and depression, central nervous system-related sexual
dysfunctions and sleep disorders, and for the regulation of pathological disorders of

the absorption of food, tea, coffee, etc. and addictive drugs.

25 Furthermore, the active compounds are also suitable for regulating the cerebral

circulation and are thus effective agents for the control of migraine.

They are also suitable for the prophylaxis and contfol of the sequellae of cerebral
infarcts (cerebral apoplexy), such as stroke, cerebral ischaemias and craniocerebral
30 trauma. The compounds of the formula (I) according to the invention can likewise be

employed for the control of painful conditions.



. C1 El: cycl ohexane-ethyl acetate (1:1) C1 E2: cycl| ohexane - ethyl acetate
( 1:2) 20 25 Methods for determ ning the HPLC retention times and
preparative nethods of separation: Met hod A = (LC-M5): Mbile phase: A =
acetonitrile + 0.1 %formc acid, B = ?% + 0.1 %formc acid Flow 25
m/mn Tenperature: 40C Packi ng materlal ymetry C 18, 50 x 2.1 mm 3.5
um -16 5 10 Tine (mn)AB010904.0 -90 -16.090106.110907.5 11090 Method B
(preparative HPLC): Mobile phase: A= MII-Qwater + 0.6 g of concentrated
hydrochloric acid on 11H20 B = acetonitrile Flow 50 m/m n Tenperature:

room t enper at yr e Packi rial: YMCCGel CODS-A 11 um 250 30 Ti
T ABOBOL 03 5E OPPENEH A RaRng I e HOHOH MOMONIr b H1h AR elioR

Synthesis of 4nd £ iEffnt BEeRPISTRY BY AANGMMhdiGhyMeaRgt oni trile (B Z

m xture) 5

5 The invention moreover includes the combination of the compounds of the formula

(I) according to the invention with organic nitrates and NO donors.

Organic nitrates and NO donors in the context of the invention are generally
substances which display their therapeutic action via the release of NO or NO
10 species. Sodium nitroprusside, nitroglycerin, isosorbide dinitrate, isosorbide

mononitrate, molsidomine and SIN-1 are preferred.

The invention moreover includes the combination with compounds which inhibit the
breakdown of cyclic guanosine monophosphate (¢cGMP). These are, in particular,
15 inhibitors of phosphodiesterases 1, 2 and 5; nomenclature according to Beavo and
Reifsynder (1990) TiPS 11 pp. 150 to 155. By means of these inhibitors, the action of
the compounds according to the invention is potentiated and the desired

pharmacological effect is increased.

20 Biological investigations

Vasorelaxant action in vitro

Rabbits are stunned by a blow to the neck and exsanguinated. The aorta is removed,
25 freed from adherent tissue, divided into rings 1.5 mm wide and individually
transferred under a pretension to 5 ml organ baths containing carbogen-aerated
Krebs-Henseleit solution of the following compositjon (mM) at 37°C: NaCl: 119;
KCI: 4.8; CaCl; x 2 H;0O: 1; MgSO4 x 7 H,0; 1.4; KH2;P04: 1.2; NaHCOs:25; Glucose:
10. The contractile force is determined using Statham UC2 cells, amplified and
30 digitalized by means of A/D converters (DAS-1802 HC, Keithley Instruments Munich),

and recorded in parallel on linear recorders. To produce a contraction, phenylephrine is



7.52 g (63.7 mol) of 4-pyridylacetonitrile and 11!09 g (63.7 mmol) of

t ert but oxybi s(di met hyl am no) net hane were stirred at 100C for 2 h. In the
course of 10 this, liberated dinmethylam ne and t-butanol were led off to
the atnosphere by a slight reduced pressurg flow by neans of a vacuum punp.
Fl ash chromat ography (CH2Cl2/ethyl acetate™50:1 -> 20:1) yielded the title
conpound. Yield: 10.2 g (93% Rf: 0.29 (CHZC12/EA 20/ 1 ) 15 1H NWVR (300
MHz, D6-DMBO)) 8 = 3.25 (s, 6 H 2 x CH3), 7.25 (d, 2 H Ar-H), 7.80 (s, 1
H, Ar-H), 8.33adddd taxheibatArcutdplatively i E)Steaﬁjog cc)r)cemfation Aﬂdr fevédaHtonyrol ¢ycles,

Synt hesi s of 3- rrethl no) net hy| d|n nitrile (E/Z 20
myxt ure) CN °nNb L%dtfsl‘\?“ﬁe%‘?) ‘{“?%“&at 1)'“’%)? ée‘é) BToPASE3Se| 18 13¢1gasg 3 g
25.4 mol ) t for
o i the Codedh 2*‘%@*“%(@‘%?‘5‘%“?’#‘3"&%2%‘% aa?ﬁ‘*ﬁ%“%'*%"“@%h&i"in

were | ed off toonirhaiont reacheldeine they laat pravipus paeshgeedf‘rqmethsurtbe fcbnsenbrgtione déns
of a vacuum punp. A%{je{l, éOOl I ng, tlhe&f‘?ﬁ osi ted S (\é@s filtered, washed
with a li tIe %4 WicR 1§ REcESAY IR TReuce; the, elgaft thegontrol yalye §y 5%3 ¢
(9699 R f: - ( :

(5. 3 . ore) dght P S dafiluaiohyohHF s s ) anlfTfe ook pNis 1 ﬁﬂ‘f’eg
=C-H), 7.66 (dsatholitionVorte§ponds &XD.{%, THe fdsulf¥sshhwn BelB@ in@ablé 1H , Ar-H)

LCVMS: Ret. tine: 0.33 min (colum: Symetry, C18, 3.5 p, m 50X2. 1 rrm'flow
0.5 mM/mn, 40C gradient: water (+0.1 %formc acid): acetonitrile (+0.1 %

E?KATLHCES).. Ble T VadBiehkanfhetloinVifhol0: 90)) i M5 (ESI pos.), mf2 = 174

1-(2-fl umy obenzyl ) 1H pyrazol of 3, 4- b] pyri di ne- 3- car boxam di ne

Example No. | ICso [uM]
1 - 0.66
4 1.21

Determination of the liver clearance in vitro

Rats are anesthetized, heparinized, and the liver is profused in situ via the portal artery.
15 Ex vivo, the primary rat hepatocytes are then obtained from the liver by means of
collagenase solution. 2-10° hepatocytes per ml were ifhcubated at 37°C with the same
concentration in each case of the compound to be investigated. The decrease of the
substrate to be investigated over time was determined bioanalytically (HPLC/UV,
HPLC/fluorescence or LC/MSMS) at 5 points in timg in each case in the period from
20 0-15 min after the start of incubation. From this, the cliearance was calculated by means

of the cell count and liver weight.

Determination of the plasma clearance in vivo

25 The substance to be investigated is administered intrdvenously to rats via the tail vein
as a solution. At fixed points in time, blood is taken from the rats, heparinized and
plasma is obtained therefrom by conventional measures. The substance is quantified

bioanalytically in the plasma. The pharmacokinetic parameters are calculated from the



]

. 111A) Ethyl S-am no-1-(2 fluorobenzyl)-pyrazol e- 3-0%” boxylate F V O O-- CH3
20 100 g (0.613 nol) of sodiumsalt of ethyl cyanopyruvate (preparation
anal ogously to Borsche and Manteuffel) Liebigs Ann, 1934, 512, 97) are
treated with 111.75 g (75 m, 0.98 nol) ofij4trifluoroacetic acid at room
tenperature in 2.5 1 of dioxane 25 under argon with good stirring and the
mxture is stirred for 10 mn, a |arge part of t t -19 the starting
material going_into solution. 85.93 (0.613 nol) of

2-f1 uor obenzylﬂlﬁﬁmaapﬂ“ﬁ@t@ﬂén'ﬂﬁ@rp%&éé etgrpingdhén Hhis gy dyi meansi af c@nesnsienglght .

After cooling, trifluoroacetate are
filtered offg i b %ﬁ{? %ﬁtﬁﬁxﬂetﬁhé(siﬁs@hf%?}gh §8%neéﬂand the solution is reacted
further in crude form 5 111B) Ethyl 1-(2

fl uoroben. zyl ) -1 H pyrazol 0~3, 4- bJpyri di ne- 3-carboxylate Fi 1 ~--CH3 10 The
sol uti on obt auPk@dmspotmnsmwnsnctlu@atpédrmmt:mw@hplzaarﬁmor(samaw ig additien 3 nen-) of
di met hyl am noacr.ol.ei n_and 5

Ced 3o 3Gie P ol ey uibBE veRicfs iy IR comRawds o s loPaG, 1\

vacuo, the regpdiorhing 38R InveRticr, aRd pHRERES {%F%etﬂ?ﬁ%daléﬁ 8f l%eée?r@ﬁ%ﬂtf%% ed
three tines with 1 1 of ethyl acetatée each tine e conbi ned organic

phases are dried |osing magnesium sul phate and 15 concentrated in a rotary

evaporator. T residue is hrorra 0 of Si I| and
o o ot w1 & Tl o mA Ge PPUATALE Bloa be Preseit Jp Sripsteany el forgh ingong

(49.910 of t hqgrnyor@gpﬂheg,mclgg SRhtedMbdve. 85C Rf (Si 02, T1El): 0.83 20 -20
11C 1- 1(02 Fl uorobenzyl)-1 H pyrazol O%, 4- bJpyri di ng- 3-carboxam de F N Nw
The therapeutic reactive compound of the formula. (I) should be present in the
abovementioned pharmaceutical preparations in a coni:entration of approximately 0.1
to 99.5% by weight, preferably of approximately 0.5 0 95% by weight, of the total
mixture.
15
Apart from the compounds of the formula (I) according to the invention, the

abovementioned pharmaceutical preparations can alsd contain further pharmaceutical

active compounds.

20 In general, it has proven advantageous both in human and in veterinary medicine to
administer the active compound according to the invention in total amounts of
approximately 0.01 to approximately 700, preferabll? 0.01 to 100, mg/kg of body
weight every 24 hours, if appropriate in the form of sevf"eral individual doses, to achieve
the desired results. An individual dose contains the adtive compound according to the

25 invention preferably in amounts from approximateiy 0.1 to approximately 80, in

particular 0.1 to 30, mg/kg of body weight.

The present invention is shown below in greater detail with the aid of non-restricting
preferred examples. If not stated otherwise, all quantitdtive data relate to percentages by

30 weight.



/ ~/N~NH2 ~/O5 10.18 g (34 mmol ) of the ester ol;t)tai ned in Exanpl e 3B)
are introduced into 150 mi of nethanol saturated with ammonia at 0-10C. The
m xture is stirred at roomtenperature for two days and then concentrated
in vacuo. Rf (Si02, T1El): 0.33 10 111D) _3xCyano-1-(2 fluorobenzyl)-1 H
pyrazol o(3, 4-b,Jpyridine F NNw/ ~ ~N -N 36.1 g (133 mmol ) of

1- (2-fl uor obenzyl ) - 1H pyrazol ~[ 3, 4- b] pyri di ne- 3- car boxam de 15 from Exanpl e
3C) are dissolved in 330 mMl of THF arid treated with 27 g (341 nmol) of
pyridine. 47. Atxampless1 66 g, 341 nmol) of trifluoroacetic anhydride are
then added in the course of 10 mn, the tenperature rising to 40C. The

m xture is stirred overnight at roomtenperature. The batch is then added
to 1 1 of wat eAptredatidrky acted three times with 0.5 1 of ethyl acetate each
time. The organic phase is washed with -21 saturated sodi um

hydr ogencar bonate solution and with 1 N HCl, dried using MyS04 and
concentr%t ed ig.a rotary evz%gorattor. Yield: 33.7 g (100% of theory) M p:
81C 5 Rf °(Si 02Y"T1E1): O°9% 'TYRE ™%t hyl (2 f 1 uorobenzyl)-1

H pyrazol o(3, &LJpyri di nendacasiRoxi mdate F NN ~N~N HsC O H 10 30.37 g
(562 mmol ) of sodium net hoxide are dissailved in 1.5 1 of nethanol and
36.45 g (144. MaP®BIA: of m-chloroperoxybenzoic acid

added The. mi AR’ s it boretacR T Biehalur Mk sohoRbae Ut p e ' °
(50:9:25.15; org. phase)
10 DMF: N,N-dimethylformamide

Eluent for thin-layer chromatography:

T1El: toluene - ethyl acetate (1:1)

15 T1EtOH1l: toluene — methanol (1:1)
Cl1 El: cyclohexane — ethyl acetate (1:1)
Cl1E2: cyclohexane — ethyl acetate (1:2)

Methods for determining the HPLC retention timgs and preparative methods of
20 separation:

Method A = (LC-MS):

Mobile phase: A = acetonitrile + 0.1% formic:acid,
25 B = water + 0.1% formic acid

Flow: 25 ml/min

Temperature: 40°C

Packing material: Symmetry C 18, 50 X 2.1 mm, 3.5 pm.
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|
and the solution obtained is enployed directly for/the next step. 15 111F)
1-(2- Fl uorobenzyl )1 H-pyrazol o(3, 4-bJpyri di ne-3-car boxanm dine H N H HCl
-22 The sol ution of nethyl
(2-fluorobenzyl)-1H pyrazol o[ $, 4-b] pyri di_ng-_3- car boxi ni date obtai ned from
Exanple 2E) in nethanol is treated with 33.76 g (32.19 ml, 562 mol) of
¢l acial acetic acid and 9.28 g (173 mml) of ammoni um chloride and stirred
over ni ght under—reflux—The-solvent is evaporated in-vacuo—the residue is
5 triturated [Wame (Wikh acetone|#nd the deposited Bolid is filtered off with
suction. 'H ; S593— s —F—1+=+5tm—4 H);
7.55 (dd, 1H);¥ 8.12 (dd, 1H); %qu

8190 (dd, 1H); 9.5 4H exchangee\bl e) ppm
M5 (El): mz [ @702 (MHO) IUghHV. Synthests off g
2-[1-(2-fluor (_)4Benzyl )-1H pyr~zolo[3,4-blpyridin-3-yl]-5-(4
pyridinyl)-4,6G@yrimdinediol F98.27 g (12.1 mmo| )0 of

1-(2-f1 uorobéwww from Ex.
H are suspendel in 40 m of tgllgene, admi xed wit$02.88 g (12.1 myol) of

di et hyl 2-(4- oy ) matona=e R TomTer i atty dVdEi)’ abte—fromMerctachem and
stirred at 140C overni ght. To M%Pk up, the preci plq‘ated solid was (filtered

off with suction and dried in a high vacuum Yield: 2.43 g (43% 20 LC Ms:

R, =2.69 min (nmethod A). M5 (ESI pos.), mz = 415 ([MH +). -23 V.

Synt hesi s of 3Wethpd BdpodpaorttyeHRIA ppyri di ny~l ) -2-pyrim dinyl]-1-(2-fluoro

Mobile phase: A = Milli-Q water + 0.6 g of concentrated hydrochloric acid on
5 11H,0
B = acetonitrile
Flow: 50 ml/min
Temperature: room temperature

Packing material: YMC-Gel ODS-AQS 11 um 250 x 30 mm

10
Time (min) A 1?
0 90 10
3 90 10
27 2 98
34 2 §’é
34.01 90 10
38 90 10




benzyl)-1H pyrazol o[ 3, 4-b]pyridine Fm5 2.39 g (5.77 mol ) of
2-[1-(2-fluorobenzyl)-1H pyxazol of 3, 4-b] pyri di n-3-yl]-5-(4pyridinyl)-4,6-py
rimdinediol fromEx. IV are dissolved in 10 m of phosphoryl chloride. 3
drops of DVF were added, and the m xture wgs refluxed for 3 h with
stirring. To work up, the reaction solution was concentrated and dried
under high 10 vacuum Yield: 0.67 g (249 LCMs. R = 4.34 mn (nethod A).
M5 (ESI pos.), mz = 451 ([M+H +, Cl11). -24 Exanples 1.

2- [ 1- [ ( 2- FI uorStartingcompounds} - 1H- pyr azol o[ 3, 4- b] pyri di n-3-yl ] -5- (4pyri di nyl
)-4-pyrimdinamne 5 0.50 g (1.9 mmol ) of

1- (2-fl uorobenzyl)-1H pyrazo[ o[ 3, 4- bdpyri di ne- 3- car boxi m dam de from Ex.

111 and [(di mgt hyl %?n@ﬁési??%’ | m@ﬁﬁlﬂhﬁ%ﬁﬁ&%?ﬁnq-H&ﬁdﬁﬁa@&oﬁi’trii‘e 9Eree! )
fromEx. | were suspended in xylene ancJ treated w BF3xOEt2 (71 p,I, 79
mg, 0.56 mmol, 0.3 mixtaxe)). After 19 h at 140C, the mixture was allowed to
cool 10 to roomtenperature and concentrated in vacuo. It was possible to
purify tRe title conmpound by flash chromat ography on silica gel

(CHzCl Z: MeOH 20: 1) and subsequent_extramion by stirring in acetonitrile.
Yield: 0.24 g (33 %9 Rf: 0.17 20:1 ) 15 B.p: 254C Retention tine:
2.7 mn (colum: Symetry, C1 $ 3.9 pm 50X2.1 mm flow 0.5 m/mn, 40C,
gradient: wasser (+0.1%form c aci dy\gcetonitrile (+0.1%formc acid) at O
mn: 90:10, at 7.5 mn 10:90))

7.52 g (63.7mmol) of 4-pyridylacetonitrile and 11.09 g (63.7 mmol) of tert-
butoxybis(dimethylamino)methane were stirred at 100°C for 2 h. In the course of
10 this, liberated dimethylamine and t-butanol were led off to the atmosphere by a slight
reduced pressure flow by means of a vacuum pump. Flash chromatography

(CH,Cly/ethyl acetate 50:1 -> 20:1) yielded the title compound.

Yield: 10.2 g (93%)
R¢ 0.29 (CH,CI/EA 20/1)
15 'H-NMR: (300 MHz, Ds-DMSO), 8 = 3.25 (s, 6 H, 2 x CH3), 7.25 (d, 2 H,
Ar-H), 7.80 (s, 1 H, Ar-H), 8.33 (d, 2 H, Ar-H).
MS: (ESI pos.), m/z = 174 ((M+H]")

I1. Synthesis of 3-[(dimethylamino)methylene]-pyridineacetonitrile (E/Z

20 mixture)

300g (254 mmol) of 3-pyridylacetonitrile and 4.23g (254 mmol) tert-

25 butoxybis(dimethylamino)methane were stirred at 100°C for 2 h. In the course of



|

. 1IH-NVR (300 MHz, D6-DMSO, 8 = 1 (s, 2ji, CHz), 7.0-7.6 (m 9 H Ar-H,
20 NHz), 8.64 (rnc, 3 H Ar-H), 5(d, 1:H, Ar-H) Ms: (ESI pos.), mz =
398 ([M+H +), (ESI t~eg.), mz 396([MH]+) F-25 2. 2-]

1-[(2-fl uorophenyl)nmethyl]-1H pyrazol o [3,

pyridin-3-yl]-5-(4pyridinyl)-4- pyrlmdlnamne F 54009 (14.9 nol) of

1- (2-fl uorobenzyl) - 1H pyrazo~o[ 3, 4- b] pyri di ne- 3- car boxi m dam de from Ex.
11l and 3-[(di net hyl am no) net hyl ene] - pyri di neacetonitrile (2.57 14.9
mmol ) from Ex.this| llgmtédﬂuwéwa@mq andtyhusane] ware led oiifztonhmtrrmghyre gh@ shgglkt ur e
was al | owed to ool r erature and the de 03 rec S
fTtered . The THRE PRl ROUE Fieih PEa oulp auabrall (aofnl 18] dpSeet®
Cromsi | 120 ORQlid 1WatilRred] Qvaéhea wABD¥3AuRMH,O! oy B Bikie nédinpdud@r whs thus
tenperature, gradient: wat er acetonitrile at 0 min: 90:10, at 28 min 5:95).

The purifi catlahﬁalmecess had to be repeated. Yield: 0.024 g (0.4% Rf: 0.17
(EA/ MeOH 20: 1) H NVR: {2 , D6-DMBO), 8 = 5.81 (s, ~2H, OCHz),

6. 95- 7. 65(2m Y‘lﬁ?d %?9&5&% (dt, 1 H Ar-H, 8.21 (S, 1H Ar-H),
8.6-8.75 (m ZRH, Ar-H) O@gﬁﬂﬁcngebHﬁO/@\S H. LCV5: Ret. time: 2.66 mn
(col um: Syrmetry, C 18, 1 mm flow 0.5 m/mn, 40C

gradi ent: wat H-NMR1 %(B60 M]dzam H)MSG);ei 921)081(st,r3| HeGHI;Q 319/5 f(s;anHc Gty d)

at 0 mn: .90:10, at 7.5 mn 10:90)); (ES 212{ 8 ([MtH +),
(ESI neg.), mz = 396 ([M%Hdd 1 H, Aggl),37 5%(5@“ Hrﬁc }766 (dt 1H Ar-H), 8.26

ﬁ. (12Ff: uglr Klbe&zlyl\/) 1H py alzgf %[f?H) 8%4@”1 ﬁl 'Ar%{)‘/*'5 (4pyridinxl)-4-pyrimdi

10 LCMS: Ret. time: 0.33 min (column: Symmetry, C-18, 3.5 um, 50X2.1 mm,
flow 0.5 mi/min, 40°C, gradient: water (+0.1% formic acid):
acetonitrile (+0.1% formic acid) at 0 min: 90:10, at 7.5 min 10:90));
MS: (ESI pos.), m/z = 174 (IM+H]")

15 III. Synthesis of 1-(2-fluorobenzyl)1H-pyrazolo[3,4-b]pyridine-3-carbox-

amidine

IIIA) Ethyl 5-amino-1-(2-fluorobenzyl)-pyrazole-3-carboxylate

o)
\—CH
20 O 2

100 g (0.613 mol) of sodium salt of ethyl cyanopyruvate (preparation analogously to
Borsche and Manteuffel, Liebigs Ann. 1934, 512, 97) are treated with 111.75 g
(75 ml, 0.98 mol) of trifluoroacetic acid at room temperature in 2.51 of dioxane

25 under argon with good stirring and the mixture is stirred for 10 min, a large part of



t
5 200 ng (0.443 mmol ) of
3-[4, 6- dlchloro 5-(4-pyridinyl)-2-pyrimdinyl]-1- (2f|uorobenzy|) 1H pyrazol
o[ 3,4-b]pyridine fromEx. V are suspended in 5 m of 25% aqueous ammoni a
solution and stirred in an autocl ave at yelgc_: under autogenous pressure
overnight. The m xture was extracted three”tinmes with dichl oronethane and
t-he conbined extracts were dried over magnesi um sul phate and concentr at ed
to 10 dryness. The residue was chromat ographed over silica gel with 30:1
di chl or onet hartky mestarting| . rrﬂtﬂnaiurgmag pmtcpfmdmtmm 8583 gr ude.6p3 owhlct ofas

s A o e o Kl A
Zr 13) 7. ﬁg_ ﬁ/g‘ c%tbh @Ee%ép%ﬁi@’ed%ﬂs gf ?cgd' ﬁnwéﬁ?&éﬁoa%gésteé rt‘ﬁedﬁfﬁ%ﬁﬂé&%o&"‘
([M+H] +), 885.vashé@ithiajoxane and th2 BolitioR i reieté&f&ttmn}m&aadmform '

11H—pyrazo| of 3, 4-bl p~~lin-3-y11-5-(4-pyridinyl)-4, 6pyrimdinediamne F ~HZ
m 200 ny (0 443 rrm)l) of

3-[4, 6-dichlor r
fl Lor obenzyl ) - pyr )cl)l(lo[ %‘a]"%v?_yg J?éc(/b]‘fEé]I;y anree3 gﬁrs{)po) nl ed in 5m

of 25% aqueous anmmoni a sol ut| on and sti rred in an autoclave at 140C under
aut ogenous pressure overnight. The m xture was extracted three tines with
di chl or onet hane and the conbined e pwere dried over magnesium

sul phate and concentrated to dryne e residue was chromat ographed over
silica gel with 30:1 10 dichl oronet nmet hanol . For further purification,
ahe crude product was purified by preparwtive HPLC (nmethod B). Yield: 45 ny
(2099 Rf 0.30 (CHzCl z/ MeOH 20:1) '"H NVR (300 MHz, D6-DMSO), 8 = 5.82 (s,
2H, CH2), 6.02 (br.s, 4H, NH2), 15 N 8 (m 7H, Ar-H), 8.57-8.68 !(m
3H, Ar-H), 9.13 (dd, 1H Ar-H. L /I\/IS:\Rt/— 2.55 mn (nmethod A).

10 The solution obtained from 3A) is treated with 61:325 ml (60.77 g, 0.613 mol) of
dimethylaminoacrolein and 56.28 ml (83.88 g, 0.736 imol) of trifluoroacetic acid and
boiled under argon for 3 days. The solvent is then evaporated in vacuo, the residue is
added to 2 1 of water and the mixture is extracted three times with 11 of ethyl acetate
each time. The combined organic phases are dried uising magnesium sulphate and

15 concentrated in a rotary evaporator. The residue is chfomatographed on 2.5 g of silica
gel and eluted with a toluene/toluene-ethyl acetaie=4:1 gradient. Yield: 91.6¢g
(49.9% of theory over two steps).

M.p. 85°C
R¢ (Si0,, T1E1): 0.83
20



M8 (ESI pos.), miz = 413.3 ([MH +), 847.8 ([2MNa] +).

02/ 42301 -28 Patent clains 1. Conpounds of the formula (I) in which R

represents 4-pyridinyl or 3-pyridinyl; R2 represents H, NH2 or hal ogen;
salts, isoners and hydrates thereof. 2. ( ounds according to Caimil,
which R represents 4-pyridinyl or 3-pyridinyl; Rz represents H, NH2 or
and salts, isoners and hydrates thereof. PCT/EPO /12969
IIC) 1-(2-Fluorobenzyl)-1H-pyrazolo[3,4-b]pyriding-3-carboxamide
F
N
/N N
N\
————
NH,
)

5 10.18 g (34 mmol) of the ester obtained in Example 3B) are introduced into 150 ml
of methanol saturated with ammonia at 0-10°C. The mixture is stirred at room
temperature for two days and then concentrated in vacuo.

R¢ (Si0,, T1E1): 0.33
10 HID) 3-Cyano-1-(2-fluorobenzyl)-1H-pyrazolo[3,4-b]pyridine
F
N
e
N/
——— \
\N
36.1 g (133 mmol) of 1-(2-fluorobenzyl)-1H-pyrazol¢[3,4-b]pyridine-3-carboxamide
15 from Example 3C) are dissolved in 330 ml of THF and treated with 27 g (341 mmol)

of pyridine. 47.76 ml (71.66 g, 341 mmol) of trifluoroacetic anhydride are then added
in the course of 10 min, the temperature rising to 40°C. The mixture is stirred
overnight at room temperature. The batch is then added to 1 1 of water and extracted

three times with 0.51 of ethyl acetate each time. The organic phase is washed with

5 10 15 20 WO

and
in
C1;



1

-29 3. Conpounds according to Claim1l1, in which 5 R represents 4-pyridinyl
or 3-pyridinyl; R2 represents H 10 and salts, isoners and hydrates
thereof. 4. Process for the preparation of the conmpound of the formula I,
conprising the reaction of the conpound of2 the formula (11) NHHN N "N N
(1) F15 A with a conpound of the form]lelt'(lll) CN ~N~ (111) 20 where R1
iI.s as defined above; -30 if appropriate in an organic solvent, with
heating to give the conpound of the formula (1); or 5 B) with a conpound of
the fornul a (NptuGte@ sodium hydrogencarbonate solution and with 1 N HCI, dried using MgSO4

and concentrated in a rotary evaporator.
Yield: 33.7 g (100% of theory)
M.p: 81°C

5 R¢ (SiO,, T1E1): 0.74

HIE) Methyl (2-fluorobenzyl)-1H-pyrazolo[3,4-b]pyridine-3-carboximidate

Hc—O0 M
10
30.37 g (562 mmol) of sodium methoxide are dissalved in 1.51 of methanol and
3645g (144.5mmol) of 3-cyano-1-(2-fluorobenzyl)-1H-pyrazolo[3,4-b]pyridine
(from Example 3D) are added. The mixture is stirred at room temperature for 2 hours

and the solution obtained is employed directly for the next step.
15

IIIF) 1-(2-Fluorobenzyl)lH-pyrazolo[3,4-b]pyridine-3-carboxamidine

F
N’
7 N4 H
—
N\
NnH o H



H5Cz4 ~ ~OCzHs (1V) R 10 where R is as defined above; in an organic
solvent, with heating to give conpounds of the 15 formula (V) Fy N~N'NN
OH HO R where 20 N R~ is as defined above; -31 subsequently with a
hal ogenating agent to give conpounds of thg formula (MI) FNN/N~NN\ Rz
Rz R , 5 where R is as defined above; 10°RZ represents hal ogen; N~) and
also finally with agqueous ammoni a solution with heating under el evated
pressure.

The solution of methyl (2-fluorobenzyl)-1H-pyrazolo[3,4-b]pyridine-3-carboximidate

obtained from Example 2E) in methanol is treated with 33.76 g (32.19 ml,

562 mmol) of glacial acetic acid and 9.28 g (173 mmol) of ammonium chloride and

stirred overnight under reflux. The solvent is evaparated in vacuo, the residue is
5 triturated well with acetone and the deposited solid is filtered off with suction.

'H-NMR (ds-DMSO, 200 MHz): 8= 5.93 (s, 2H); 7.1-7.5 (m, 4 H); 7.55 (dd, 1H);

8.12 (dd, 1H); 8.30 (dd, 1H); 9.5 (bs, 4H-exchangeable) ppm.

MS (EI): m/z = 270.2 (M-HCI)

10 IV.  Synthesis of 2-[1-(2-fluorobenzyl)-1H-pyrazolo[3,4-b]pyridin-3-yl]-5-(4-
pyridinyl)-4,6-pyrimidinediol

327¢g (12.1 mmol) of 1-(2-fluorobenzyl)-1H-pyrazolo[3,4-b]pyridine-3-
15 carboximideamide from Ex.II are suspended in 40 ml of toluene, admixed with
2.88 g (12.1 mmol) of diethyl 2-(4—pyridinyl)malonat§e (commercially available from
Mercachem) and stirred at 140°C overnight. To Wori( up, the precipitated solid was
filtered off with suction and dried in a high vacuum.
Yield: 2.43 g (43%)
20 LC-MS: R =2.69 min (method A).
MS (ESI pos.), m/z = 415 ((IM+H]").



.15 5. Conpound of the fornmula (1) for the treatnent of di seases. 6.

Medi canents conprising at | east one conpound of the forrmula (1) according
to Caim1l. 20 7. Process for the production of nedicanents, characterized
in that the conpound of the fornula (I) acgording to Claim1 is brought
into a suitable adm nistration form if appropriate using customary

exci pients and additives. -32 8. Medicanents conprising the conpound of
the formula (1) according to Claim31 in conbinatiopn with organic nitrates

or NO donors. % MMnthesint ef chidhpidichiero-Fréd-pyrid ulb2-pyrinpidinyd}-h2-fluery-

according to 5 d ai j ' j 1.{:R. compounds which inhibit the

br eakdown of cycli cﬁgélllfﬁiaI(}slf'ﬁgpénzt@ﬂog%g@%épg‘e(CGI\/P). 10. Use of the conpound
of the formula (1) according to Caiml in the production of nedi canents
for the treatnment of cardiovascul ar disorders. 10 11. Use of the conpound
of the formula (I) ; according to aim1l ingthe production of nedicanents
for the treatnent of hypertension. 12. Use of \Lhe conpound of the formula

(I') according to Claim1l in the 15 production pdi canents for the
gV as. 13. Use of the

treatment of thronboenbolic disorders and i
conpound of the fornula (I) accordingNto Grai m*"Tn the production of
medi canents for the treatnment of sefuals sfunction. 20 14. Use of the
Mim1 in the production of
ties. 15. Use of conpounds of

medi canents for the treatnment of~ disordgy® the central nervous system
16. Use according to one of Clains 8 to 1 @)t he conpound of the
formula (1) according to Claim1l is enplo I n conmbination with organic

t he breakdown of cyclic guanosi ne nonophosp (cQwP) .
AL ACA A% A2, A& Ay% A9% AL AL AL A A99. A% YAINY. A& A_. A&?. A9. ALr . ALn.
A9. A" n. AL% AE. A&, . A9. A9l . AD: sVWU45 N
5
2.39 g (5.77 mmol) of 2-[1-(2-fluorobenzyl)-1H-pyrazolo[3,4-b]pyridin-3-yl]-5-(4-
pyridinyl)-4,6-pyrimidinediol from Ex.IV are dissolved in 10ml of phosphoryl
chloride. 3 drops of DMF were added, and the mixture was refluxed for 3 h with
stirring. To work up, the reaction solution was concentrated and dried under high
10 vacuum.
Yield: 0.67 g (24%)
LC-MS: R; = 4.34 min (method A).

MS (ESI pos.), m/z = 451 ((M+H]", Cl,).
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10 h 10 h 10 h!;10% h& ()- & #10% h& ()-!" & #10%h& ()-! d& #10%h& ()-y)" 10%
h& ()- df aBSH=! 10s1096& ()-sl S 1096& ()-! @10965& ()-° 109B& ()-SS

1096& ()-1096& ()-f ZHa?SH=! | d&#10965& ()-s& f 109B& () - F&#1096& () - s
10968 ()-sS 109B& ()-! L&#109B5& () - H8} ~ 4=

105@ 1096& () - &3. #1096& () - ! d&3. #10%BBE& ) - ! [ &3. #109B5& () - +109B& () - sf)f
1096& ()-Y S H= 105! L#1090595& ()- GLI z1096& ()-!s @10965& ()- Lg

1096& ()-z1099& ()- 105 105N odBH=

105! " 4109BMB& () - s191096& () - 1096& () - @O0%& () - Lg

iSE”‘Ef‘;MéP%f‘séi?%S@Ef P BRIt AT Lo e 05 10

10% o0& () -, 10% o0& (gyrid ? LdiRak@e 0&' () - 3L10% o0& () - $MIEeF 105! 9y)g
10% 0& ()-' #10% o0& () - 9s$10 0& ()-9 10% 0& ()- 10% 0& ()-910% 0& ()- z[<1F
10' 0@ 10% o0& () - 3#10% o0& ()-! "~3#10%0f& ()-!s3. #10%0& ()-!n3. #10% o' 0&' ()
-9 +310% 0& ()-?28m\V 1S 10%& ()-s@10%6% * S 109%6& ()-Lfg 109%6& () - Lg
109%6& ()-109%& ()- 10'0 10'08s ?dEMN ‘IS N1096&' () -

1096& ()-"109%%& ()-#10%6& ()- S 109§ D9B&' () - V‘dBrrN/ S

10% >* 109 ()- ' 10968 ()-S&S 104p& ()f's" 10W6 ()- !
10968 () -1 109%6& ()-z[ PE:" 1057
P,
N
N7\
— /—NH,
/
\N

5 4.00 g (14.9 mmol) of 1-(2-fluorobenzyl)-1H-pyrazolo[3,4-b]pyridine-3-carboximid-
amide from Ex. III and 3-[(dimethylamino)methylene]-pyridineacetonitrile (2.57 g,

14.9 mmol) from Ex. Il were suspended in xylene. After 12 h at 120°C, the mixture

was allowed to cool to room temperature and the deposited precipitate was filtered.

The mother liquor was purified by preparative HPLC (column: Cromsil 120 ODS,

10 C-18, 10 wm, 250x30 mm, flow 50 ml/min, roomh temperature, gradient: water

acetonitrile at 0 min: 90:10, at 28 min 5:95). The purification process had to be

repeated.
Yield: 0.024 g (0.4%)
Ry 0.17 (EA/MeOH 20:1)
15 'H-NMR: (200 MHz, D¢-DMSO), 6 = 5.81 (s, 2H, OCHj,), 6.95-7.6 (m, 8 H,
Ar-H, NHy), 7.92 (dt, 1 H, Ar-H), 8.21 (S, 1H, Ar-H), 8.6-8.75 (m,
2 H, Ar-H), 9.03 (dd, 1 H, Ar-H).
LCMS: Ret. time: 2.66 min (column: Symmetry, C-18, 3.5 um, 50X2.1 mm,

flow 0.5 ml/min, 40°C, gradient: water (+0.1% formic acid): aceto-
20 nitrile (+0.1% formic acid) at 0 min: :90:10, at 7.5 min 10:90)); MS:
(ESI pos.), m/z = 398 (IM+H]"), (ESI neg.), m/z = 396 ((M-H]")



105 105&91096& ()-, 8109B& ()-!*109& ()- !*109B5& ()- !P*10% (& ()- } ?PE"
105109 & ()-993 10% & ()- 9S10% & ()-!T10% "& ()- 9! 1T10%H#& ()-910% & ()-Y
\. a?PE:~ 10!P 10%"& ()-!n

10%HHHHE () - s109% & ()-s10% & () - & 10% & ()5910% & () - 111 dBPE: °
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5 200 mg (0.443 mmol) of 3-[4,6-dichloro-5-(4-pyridinyl)-2-pyrimidinyl]-1-(2-
fluorobenzyl)- 1H-pyrazolo[3,4-b]pyridine from Ex. V are suspended in 5 ml of 25%
aqueous ammonia solution and stirred in an autoclave at 140°C under autogenous
pressure overnight. The mixture was extracted three times with dichloromethane and
the combined extracts were dried over magnesium sulphate and concentrated to

10 dryness. The residue was chromatographed over silica gel with 30:1
dichloromethane/methanol. For further purification, the crude product was purified
by preparative HPLC (method B).
Yield: 34 mg (15%)
R¢ 0.45 (CH,Cl12/MeOH 20:1)
15 'H-NMR: (300 MHz, Ds-DMSO), & = 5.85 (s, 2H, CH,), 7.10-7.48 (m, 9H,
7Ar-H and NH3), 8.61-8.75 (m, 3H, Ar-H), 8.99 (dd, 1H, Ar-H).
LC-MS: R; = 3.55 min (method A).
MS (ESI pos.), m/z = 432.3 ((M+H]"), 885.2 ([2M+Na]").
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200mg (0.443 mmol) of 3-[4,6-dichloro-5-(4-pyridinyl)-2-pyrimidinyl]-1-(2-
5 fluorobenzyl)-1H-pyrazolo[3,4-b]pyridine from Ex. V are suspended in 5 mi of 25%
aqueous ammonia solution and stirred in an autoclave at 140°C under autogenous
pressure overnight. The mixture was extracted three times with dichloromethane and
the combined extracts were dried over magnesium sulphate and concentrated to

dryness. The residue was chromatographed over silica gel with 30:1

10 dichloromethane/methanol. For further purification, the crude product was purified
by preparative HPLC (method B).
Yield: 45 mg (20%)
R 0.30 (CH,Cl/MeOH 20:1)
'H-NMR: (300 MHz, D¢-DMSO), § = 5.82 (s, 2H, CHy), 6.02 (br.s, 4H, NH»),
1S 7.08-7.48 (m, 7H, Ar-H), 8.57-8.68 (m, 3H, Ar-H), 9.13 (dd, 1H,
Ar-H).
LC-MS: R; = 2.55 min (method A).

MS (ESI pos.), m/z = 413.3 ((M+H]"), 847.8 ([2M+Na]").
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R’ represents H, NH; or halogen;

and salts, isomers and hydrates thereof.
15 2. Compounds according to Claim 1,

in which

R' represents 4-pyridinyl or 3-pyridinyli;
20

R’ represents H, NH; or Cl;

and salts, isomers and hydrates thereof.
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10 and salts, isomers and hydrates thereof.

4. Process for the preparation of the compound of the formula I, comprising the

reaction of the compound of the formula (II)

NH
H,N
—
N/ \ Y
N
N N ()
15 F

A) with a compound of the formula (III)

1

R (i

20

where

R! is as defined above;
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R! is as defined above;
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R is as defined above;
10 R? represents halogen;

and also finally with aqueous ammonia solution with heating under

elevated pressure.

15 5. Compound of the formula (I) for the treatment of diseases.
6. Medicaments comprising at least one compound of the formula (I) according
to Claim 1.
20 7. Process for the production of medicaments, characterized in that the

compound of the formula (I) according to Claim 1 is brought into a suitable

administration form, if appropriate using customary excipients and additives.
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10.

11.

12.

13.

14.

15.

16.

-32.-

Medicaments comprising the compound of the formula (I) according to Claim 1

in combination with organic nitrates or NO donors.

Medicaments comprising the compound of the formula (I) according to
Claim 1 in combination with compounds which inhibit the breakdown of

cyclic guanosine monophosphate (cGMP).

Use of the compound of the formula (I) according to Claim 1l in the

production of medicaments for the treatment of cardiovascular disorders.

Use of the compound of the formula (I) ;according to Claim 1 in the

production of medicaments for the treatment of hypertension.

Use of the compound of the formula (I) according to Claim 1 in the
production of medicaments for the treatment of thromboembolic disorders

and ischaemias.

Use of the compound of the formula (I) according to Claim1 in the

production of medicaments for the treatment of sexual dysfunction.

Use of the compound of the formula (I) according to Claim 1 in the production

of medicaments having anti-inflammatory propérties.

Use of compounds of the general formula (I) according to Claim 1 in the
production of medicaments for the treatment of: disorders of the central nervous

system.

Use according to one of Claims 8 to 13, where the compound of the formula (I)
according to Claim 1 is employed in combination with organic nitrates or NO
donors or in combination with compounds which inhibit the breakdown of

cyclic guanosine monophosphate (cGMP).



