; e3e | ( d6TWD03/09985151 -1 Car bamat e- substituted pyrazol quyT/EgOREs3¢ 10
15 20 25 30 PCT/ EP03/ 04304 The present invention relates to conpounds
which stinulate sol ubl e guanylate cyclase, to the preparation thereof and
to the use thereof as medicanents, in partijcular as nedi canents for the
treatnent of cardiovascul ar disorders and/or sexual dysf M!ﬁwllwmwummof t he
nost inportant cellular transm ssion systems in mammalia clic
guanosi ne m)nohosphat e Toget her Wi th n| tr| c oxi de (N@)159*V\Ihl chis
rel eased from Casbamatersuk : opyhidines ho and nechani

signals, it forns the NO’cGlVP system Guanyl ate cycl asesTlﬂw lmwlﬁmummtw

bi osynt heS| s of cGW from guanosine triphosphate (GIP) atives
of this famly disclosed to date can be divided both accordi rgoobo
structural features and according to the type of ligands into two groups:

the particul at &hgmngenauevemyon askteswio chmpaundsewdichnstiravlett bglublat guanylkats c

pepti des, andt sol ubl e uanlat |chcnb stimyl ated b

The sol ubfe gu §’te Lb?:l‘% ??eé%/cfo‘fmf\}\%wgﬁﬂﬁﬁl §r°8 d‘sv’e‘%’cﬁpfﬂfabﬁ&/
contai n one hagsnip@hr Kseﬁl@dl@ﬂhéf% for'thd &BatinBn&¥ dar@bvdsbifar @83tHEL Ao bdx@al The
latter is of central inportance for the nechanismof activation. NOIs able

to bind to thedysfenctianom of haem and thus nmarkedly increase the activity of
the enzyne. Haemfree preparations cannot, by contrast, be stinmulated by
NO. COis also able to attach to the central iron atom of haem but the
stimul ation by Dok thedhsdt ipbrtdht eiffar (RAHRmiRRN H¥t

producti on of CGNB ar?d the rﬁegul gtl 0?1 rersnu I'tin Xeﬁ@ %B Pthﬁ?s is cyclic
phosphodi@st er gmsmcamonchﬂmsqdiam zﬁc@Mﬁ’Doﬂ‘egﬂhm mﬁxemtngmﬂé ANO)C yhilichs ¢s

pl ays a cruci al in vario si o] ogi cal roces |nprt|cular in the
rel axati on and"® eﬁ‘? f@%fﬁ%ﬁn@f%iﬁﬁb?ﬁ ﬁrg%més gmanal a Hdﬂe&g@}%?c signals, it
aggr egat i on ang, AGhEs NeIcEREP &yRtehe WnRRdlateSd3NR

di sorders caused by an |(r:rpa| rr%gr?t olq a ‘%y%r eﬁ%#?gé&é%;%&tggﬁg&{ﬁ er
pat hophysi ol ogfroal giamnsing ltmpfm,spltdne(m):cme spyetantativey ob ¢his Gppiediseldsedvu ch

may | ead for ea npl e, tq bl ood pressure, -2 platelet activation,
i ncreased cel | ‘FtﬁFaIbF’%Fj}Vf‘@%gﬂﬂbﬁcco %f%@WC&}ra]d‘S‘i%‘%‘[ﬁﬁ@Pﬂ@ﬁCOfﬁmﬁé‘P 8@%@‘:& s

myacard o i nf SPERE e &l b bATDIAE ARG EE ieh U7 R RE A

i ndependent of b\ghtainektiaipeptides, amifthelecslﬁbll@um’fyeate@d?as%b 9Mhath daatbbwaMulated by
organi sms i s a pron sing approach because of the high efficiency and few

side effects ik hIhg solupl ebgua@ylfggc cuelases consist of two subunits and very probably
contain one haem per heterodimer, which is part of the regulatory site. The latter is of

central importance for the mechanism of activation. NO is able to bind to the iron
20 atom of haem and thus markedly increase the activity of the enzyme. Haem-free
preparations cannot, by contrast, be stimulated by NO. CO is also able to attach to the

central iron atom of haem, but the stimulation by CO is distinctly less than that by
NO.

25 Through the production of cGMP and the regulation, resulting therefrom, of
phosphodiesterases, ion channels and protein kinases, guanylate cyclase plays a
crucial part in various physiological process, in particular in the relaxation and
proliferation of smooth muscle cells, in platelet aggregation and adhesion and in
neuronal signal transmission, and in disorders caused by an impairment of the

30 aforementioned processes. Under pathophysiological conditions, the NO/cGMP

system may be suppressed, which may lead for example to high blood pressure,



Compounds, such as organic nitrates, whose effect is based on NO have to
date been 10 exclusively used for the therapeutic stinulation of soluble
guanyl ate cyclase. NO is produced by biocopversion and activates sol uble
guanyl ate cycl ase by attaching to the central iron atom of haem Besides
the side effects, the devel opnent of tolerance is one of the crucial

di sadvantages of this node of treatpment. 15 Some substances which directly

stimul ate guanPpigld @gHyalion, jncgeasg t%h‘ﬂarpr@ﬂmf@%loflel engdothebpl Ndysfunstienbeen
d bed
35" - hydr oy ot R angiCiefils, by GBRT IR orgeoses spkgrsental dvlinipns.s

(1994) 4226: Mdm§@dar(ﬁ§11ﬁfarctloﬁrlt J. Pharmacol 120 ( 1997), 681 ), fatty
acids (Goldberg et al, J. Biol. Chem 252 (1977), 1279), di phenyliodoni um
hexaf | uor ophosphat e (Pettl bone 20 et al., Eur. J. Phar macol . 116 (1985),

307), isoliquiriti in et . al rit, J. Pha_rma 114 1587)
and vari o‘Jhs su‘ﬁ‘s‘qugﬁp e‘ﬁa)é)g goging %p%@e‘%gh Wdsd ?6‘2%‘} OfWQB%JFW%ﬁt VO
98/ 16507, VO OBRaRIS MHRANIPABARTpa RN §@1§m 200 YRG0 AEHR0ct Dcauce

00/ 21954 WD 02/ 42299, WD 02/ 42300, WO 02/ 42301, WO 02/ 4230 02/ 092596
and WO 03/ 0045®ﬁ3thc|b@brﬂfﬁ@ewmdde\mpgdleieﬂiecte“dlécrh arata besxpastedt i mul at ors of

sol ubl e guanyl ate cycl ase. Al so described inter alia therein are

pyrazol opyridi nes having a pyrimdine residue in position 3. Conpounds of
this type haveCMﬁbMur{Hsgfhch@s H%_a‘gfb ﬂ&ﬁt‘eé"v@ﬁfosb @ffE&lléBéng o?‘}qxléth'}’%mJ tPddtd'Been

sol ubl e guanyl ate cycl ase. wever, it has emerge t hese conpounds
have di sldlvant aq@sweﬂy uﬁsld’ectheotheltabaitrc stimwlatun @ff sobbrle igeanydate bydase. NO is

exanple, their haV|ou inthe liv t hei r pharnma klnetlc behaV|our
their dose-r esb’b’ﬁ%cé’ r é‘toi"%‘hveb?ml AR Pcweébﬁﬂl‘ﬁé "ﬁ&\%? cyclasesby pttaghing fo

therefore the @x@lc@ﬁt}alqlfontﬂ@mWf‘ﬁ%@rﬂtBésn&égrlﬁé Qfe b e<R§ QY g?vefl%{{rﬁ%?'bf tolerance

pyrazol opyri di ne derivatives which act as stinulators of sol ubl e guanylate
cycl ase but doismot ofitheerydia diiadeahtages afjdss mdé¢ of retimaitove, of the conpounds
fromthe prior art. 5 This object is achieved by the conpounds according to
Caim1l of the invention. This new class of pyrazol opyridine derivatives is
di stinguished Symbaybdithebdl Wi birdilySstfimi¥e! WafliRR LRRIEUE Wiluidhe H3SVidhis

particul ar subsitution pattern, |y a carba gsidueim pos ion 5 of

the pyri ni di neretdasg, ofaiN®, aha\aambeen gdestrfbeldn i a8tdnit Oyeafs, 0§uchhes ,1frpyxdnipleli ne
ring. The present, invention specifi cal ly relates to conmpounds of the

formula (1) R 3{}yhydroxymethykiy dwrybr1-penzyipesepledYERA, Wapet al., Blapd 84 41 W94).NH2,
4226, Miilsch et al., Brit. 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).

In addition, WO 98/16507, WO 98/23619, WO 00/06567, WO 00/06568,
25 WO 00/06569, WO 00/21954 WO 02/42299, WO 02/42300, WO 02/42301,
WO 02/42302, WO 02/092596 and WO 03/004503 describe pyrazolopyridine
derivatives as stimulators of soluble guanylate cyclase. Also described inter alia therein
are pyrazolopyridines having a pyrimidine residue in position 3. Compounds of this
type have very high in vitro activity in relation to stimulating soluble guanylate cyclase.
30 However, it has emerged that these compounds have disadvantages in respect of their
in vivo properties such as, for example, their behaviour in the liver, their

pharmacokinetic behaviour, their dose-response relation or their metabolic pathway.



20 R3 is hydrogen or (C--C4)-alkyl, R4 is (C--C6)-alkyl, and salts, isoners
and hydrates thereof. -4 Preference is given to conpounds of the formula
(I') inwhich R is -NR3C(=OOCR4, 5 RZ is _hg(_jrogen or NHz, R3 is
(C~-A)-alkyl, 10 R4 is (C—-4)-alkyl, and salts, isoners and hydrates
thereof. Particular preference is given to conpounds of the fornmula (1) in
which 15 R is -NR3C(=OOR4, Rz is NH2, 20 R3 is nethyl or ethyl, R4 is

met hyl, ethyl or isopropyl, and salts, isoners and hydrates thereof. 25
Especial preference i,s given.to the c und net hyl : .

4, 6- di ani no- 2?1[ 1¥E2f W&%Bi?eﬁ?% ff’lfﬁ pﬂgﬁl Biese - %‘}WF?‘& P Qproyide s fgher i g
ny wt hyl') carfyaamidpyfidiaederaintewhich act & Siatof JtrsolubNianiiaR Qe _O

do not have the disadvantages, detailed above, of the compounds from the prior art.

This object is achieved by the compounds according to Claim 1 of the invention. This
new class of pyrazolopyridine derivatives is distinguished by having in position 3 a
pyrimidine residue which has a particular subsitution pattern, namely a carbamate
residue in position 5 of the pyrimidine ring, and an amino group in position 4 of the

10 pyrimidine ring.

The present invention specifically relates to compounds of the formula (I)

R NH,
R? N
\
\ /)
==
O
\N N
D,
F

15 in which
R!  is-NR3C(=0)OR*,
R? is hydrogen or NH,,
20
R’ is hydrogen or (C;-Cy)-alkyl,

R* s (C;-Ce)-alkyl,

and salts, isomers and hydrates thereof.



The conpounds according to the invention of the formula (I) may also be in
the formof their salts. Mention may generally be made here of salts with
organi c or inorganic bases 5 or acids. Phy&[ologically acceptabl e salts are
preferred for the purposes of the present invention. Physiologically
acceptabl e salts of the conmpounds according to the invention may be salts
of the substances according to the invention with mneral acids, carboxylic
acids 10 or sul phonic acids. Particularly preferred exanples are salts with
hydrochl oric i drobrom c aci d ur i cid hosphori c acid,

met hanesul phoﬁfrgfég%}cgls %Y?‘fﬁtﬁ é’mPSHB‘?F ciﬂg‘g?o ) “E‘”‘- IPLYQH@EUI phoni ¢ aci d,
benzenesul phoni ¢ aci d, napht hal enedi sul phoni ¢ acid, aeetic acid, propionic
acid, lactic aC|d tartarlc aC|d citric acid, fumari c aci d, mal efi ¢ acid
or benzoic aciRkl 15sﬁﬁgéﬂb{b@ﬁcally acceptable salts may |i kewi se be meta
or annDnQyn1salts of the compounds according to the invention having a free
carboxyl -group. Particularly preferred exanples are sodium potassium
magnesi um or cg@d ci gy ﬁggé,mqmgzannonlun1salts derived from ammoni a or
organi ¢ am nes such as or exafiple, 20 ethylanmine, di- or triethylam ne,
di - or triethanol am ne, dicycl ohexyl am ne, dinethylam noethanol, arginine,

| ysine or ethylenedi 6 The conpounds according to the invention
may exist int utoH%%ELE%dﬂﬁﬂ This is known to the skilled person, and the
invention |ikew se enconpasses such fornms. The conpounds according to the
invention may furthernore be in the formof their 5 possible hydrates. Al k~
is a lingar orRbrarisk@dCatdligyl, radi cal having, as a rule, 1 to 6, preferably
1to 4, particularly preferably 1 to 3, carbon atons, by way of exanple and
preferably methyl, ethyl n- propyl, isopropyl, tert-butyl, n-pentyl and

n- hexyl . 10 Ha,{lnd Sgns §aﬁ P&lésofﬁﬁr%ﬁ of the invention fluorine,

chl orine, bromne aﬁ |ne e presen invention also relates to a
process for preparing the conmpounds according to the invention of the

formula (1). These can be prepared 15 [A~ Db reactln? conpounds of the
formula (1a) FRepriieylgrpreferenceysgyen to compounds of the formula (I) in which

15
R'  is-NR’C(=0)OR%,

R’  isNH,,
20 R® is methyl or ethyl,
R* is methyl, ethyl or isopropyl,
and salts, isomers and hydrates thereof.
25
Especial preference is given to the compound methyl 4,6-diamino-2-[1-(2-

fluorobenzyl)-1H-pyrazolo[3,4-b]pyridin-3-yl]}-5-pyrimidinyl(methyl)carbamate from
Example 8:



20 R4 is as defined above, F wi th conpounds of the formula (11) R3-X
(uy~ 5 in which R3 is as defined above, and X is a |eaving group such as,
for exanpl e, halogen, preferably iodine, ot 10 nmesyl at e, where appropriate
in an organic solvent with cooling to give conpounds of the formula (1), 15
or [B] by reacting the conpound of the formula (I1l) (I~)~ 20 with
conpounds of the fornmula (IV) OC' O (N)’F N" F g _in which

The compounds according to the invention of the formula (I) may also be in the form of
their salts. Mention may generally be made here of salts with organic or inorganic bases

5 or acids.

Physiologically acceptable salts are preferred for the purposes of the present invention.
Physiologically acceptable salts of the compounds according to the invention may be
salts of the substances according to the invention with mineral acids, carboxylic acids
10 or sulphonic acids. Particularly preferred examples are salts with hydrochloric acid,
hydrobromic acid, sulphuric acid, phosphoric acid, methanesulphonic acid,
ethanesulphonic acid, p-toluenesulphonic acid, benzenesulphonic acid, naphthalene-
disulphonic acid, aeetic acid, propionic acid, lactic acid, tartaric acid, citric acid,

fumaric acid, maleic acid or benzoic acid.

15
Physiologically acceptable salts may likewise be metal or ammonium salts of the
compounds according to the invention having a free carboxyl group. Particularly
preferred examples are sodium, potassium, magnesium or calcium salts, and
ammonium salts derived from ammonia or organic amines such as, for example,
20 ethylamine, di- or ftriethylamine, di- or triethanolamine, dicyclohexylamine,

dimethylaminoethanol, arginine, lysine or ethylenediamine.



R4 is as defined above, 5 where appropriate in an organic solvent to give
conpounds of the fornula (la), or 10 [C] by reacting the conpound of the
formula (V) NH HzN (V) wth conpounds of ghe formula (VI) 15 O CN R O-N-O
Na+ (VI), R3 in which R3 and R4 are as defined above, 20 where appropriate
In an organic solvent with heating to give conpounds of the formula (Ib)
-9 Ra O~-OR3 (I_Lb), Fin which R3 and R4 are as defi ned above. o

e ‘compounds according to the invention may exist in tautomeric forms. This is

known to the skilled person, and the invention likewise encompasses such forms.

The compounds according to the invention may furthermore be in the form of their

5 possible hydrates.

Alkyl is a linear or branched alkyl radical having, as a rule, 1 to 6, preferably 1 to 4,
particularly preferably 1 to 3, carbon atoms, by way of example and preferably methyl,
ethyl, n-propyl, isopropyl, tert-butyl, n-pentyl and n-hexyl.

10

Halogen is for the purposes of the invention fluorine, chlorine, bromine and iodine

The present invention also relates to a process for preparing the compounds

according to the invention of the formula (I). These can be prepared
15

[A] Dby reacting compounds of the formula (Ia)

R4
/
)
-
HN NH,
H2N‘z—< N
\ /
S
T,
N N
(la),
F
in which

20

R* is as defined above,



5 The conpounds of the formulae (11) and (1V) are comrercially available or
known fromthe literature or can be prepared in a manner known to the
skilled person. The conpound of the formula_(IlIl1) can be prepared as shown

in the followng 10 reaction scheme: ~N N~ ~NNWVII) z / v H (V) (VI1I)
(1'1'1) Compound (I11) is obtainable in a two-stage synthesis by reacting
conpound (V) with conpound (VI1) .to give conpound (VIIIl) in accordance with
process step [C] an ity Gerapends of theformyaéiiht i ng compound (VI11) with
aqueous Raney nickel. The - 10 5 10 15 20 hydrogenation can be

carried out in an organic solvent, for exanple dinethylformm de,
preferably under el evated pressure, for exrdmpl @hunder 50 to 70 bar,
preferably under 65 bar, stirring the reaction solution for sever al hour s,
for exanple for 22 hours, at elevated tenperature, for exanple at 40 to
80C, prefserably at GQV 1to 65C.

R® is as defined above, and

X! is a leaving group such as, for example, halogen, preferably iodine, or

10 mesylate,

where appropriate in an organic solvent with cooling to give compounds of

the formula (I),

15 or

[B] by reacting the compound of the formula (III)

H,N NH,
HN— N
—~
W
AN
N~ N
(1),
F

20

with compounds of the formula (IV)

O

CI)J\OR4 (Iv),



The conpound (VI1) can be prepared in analogy to L. F. Cavalieri, J. F.
Tanker, A. Bendich, J. Am Chem Soc., 1949, 71, 533. The conpound (V) can
be prepared as shown in the follow ng reackion scheme: NC O O (Na-Salt) F
HN ~NHZ F HZN N\w /N OO F NNw NH ~ N NH H conpound (V) is obtainable in
a multistage synthesis fromthe sodiumsalt of ethyl cyanopyruvate, which
is known fromthe |iterature (Borsche and Manteuffel, Liebigs. Ann. Chem
1934, 512, 97). Rea@Wlighthereof with 2-fl uorobenzyl hydrazine while heating
under a protective gas atnosphere in an inert solvent such as di oxane
results in ethyl 5-am no-1-(2-fluorobenzyl)pyrazol e-3-carboxyl ate, which
can be cyclized by rtactis@ndwhiddd abpbv@t hyl am noacrol ein in acidic nmedi um
under a protective gas atnosphere and heat i ng to give the correspondi ng
pyridi ne derivative. This pyridine -11 derivative, ethyl

1- (2-fl uorobenzyl)-1H pyrazol o[, 3, 4-b] pyridin-3-carboxylate, is converted by
a multi stége sequen\yg‘érgoﬁg?rgf’?%ﬁ o} %orﬁ\?%qné‘i ORI + e 8 SOMBORRTISy €a
into the correspondfoplgupdr’([dle, dehydration with a dehydrating agent such as
trifluoroacetic anhydride to give the corresponding nitrile derivative,
reacting the 5 nitrite derivative with sodium ethoxide and finally reaction
wi th ammonium chloride into the conpound (V). The conpounds of the formnul a
(VI) can be sy#t hesized by nethods known to the skilled person fromthe
correspondi ng carbamates by reaction with ethyl fornmate. The 10 car banates
can be prepared in analogy to Q Li. Chu, T.W Daniel, A Caiborne, C S
Cooper, M LEg, JbyecingGhenompdund k) fodmid-(3088. Reacti on of the
conmpounds of the formulae (l1a) and (I1) to give conpounds of the formula
(I') can be carried out by using the reactants in equinolar anounts in an 15
organi c solvent, for exanple di met hyyf ormam de or tetrahydrofuran,
preferably in the presence of th 2 equivalents, preferably 1.1 to 1.5
equi val ents, of a base such aE’z sodi um hydri de or sodium N, N
bi strinmethylsilylam de, preferably r at\nospheric pressure and with
stirring of the reaction solution § hours, for exanple for 1 hour,
with cooling, for exanple at -10C tw® enperature, 20 preferably at OC
Reaction of the conpounds of the forjulae (111) and (IV) to give the

conpounds of the formula (la) can belgargied out by using the reactants in
@ @ganpl e an organic base,

equi nol ar anounts in an organi c sol ven
preferably pyridine, preferably under

F

with compounds of the formula (VI)

15
0 CN
R4\ O/U\N/K/O_ Na’
I, VD),
R
in which
R?and R* are as defined above,
20

where appropriate in an organic solvent with heating to give compounds of

the formula (Ib)



25 atnospheric pressure and with stirring of the reaction solution for
several hours, for exanple for 12 hours, at 0OC to roomtenperature,
preferably at roomtenperature. Reaction 9?_conpounds of the fornulae (V)
and (VI) to give conmpounds of the formula (Ib) or of conpounds of the
formulae (V) and (VI1) to give conpounds of 30 the fornmula (VIIl) can be
carried out by using the reactants in equinolar anounts or with use of the
conpound of the formula (M) in slighR excess in an organi c sol vent such

as, for exanple, in a hydrocarbon sugh as toluene or xylene or in NN -12
di met hyl formam de, preferably in the;85§§ence of 2-3 equival ents,
preferably 2 equivalents, of a bage ch” as, for exanple, triethylam ne or

sodi um et hanol ate, preferably uﬁﬁerN
of the reaction solution for several
el evated tenperature, for exanple at {80

eric pressure and with stirring
s, for exanple for 9 hours, at

| 60C, preferably at 100-150C, in
ng to the invention of the fornula

been predicted. 10 The conpounds accor di

(I') bring about vasorel axation and an i nj

and lead to a reduction in blood pressure Knd Mn i@?rease in coronary bl ood
n of sol ubl e guanyl ate

cyclase and an intracellular increase in cGW’ Ry addition, the conpounds

ance the 15 effect of

subst ances which increase the cGQW | evel, 4s, for exanple, EDRF

(endot hel i um derived rel axing factor), NO donors, protoporphyrin |IX,

arachi doni ¢ aci d orinptygel! hydrazi ne derivatives. They can therefore be

enpl oyed in nedi canents for the treatnment of cardi ovascul ar 20 di sorders

such as, for exanple, for the treatnent of high bl ood pressure and heart

failure, stable and,uns | e agginﬁuggcgoris, peri pheral and cardi ac

vascul ar di sor der s, RofERr hytHHPREG A0 tr eat ment of t hr omboenbol i ¢

di sorderss and i schaem as such as nyocardi al infarction, stroke,

transistoric and i schaem c attacks, disturbances of peripheral blood flow,

prevention of Thstempeowslsas thd formutder(®iriaod BV )sart kemapraaslly 2&ilpblecartlaosous| y

transl um nal apgi opl asties (PT. ,_percutaneously translum.nal coronary
angi opl asti es E’g’?éggﬁfer%% §ar§ﬁ%pch?re fed W@%‘?rr%’ﬂi”né? aﬁr*épq%d%?&qlo@r osi s,
asthmatic di sorders and di seases of the urogenital system such as, for
exanpl e, prostate hypertrophy, erectile dysfunction, fermale sexual
dysfunction, oSheepmposnd of ghadommda (HI) canbe yprépyapet e shown, inghst folipaingsi s
and incontinence. 30 The conpounds according to the invention of the
formula {9) ar&2gi¥scheMeanl e for controlling central nervous system

di seases characterized by distywbances of t -13 NO cGW system They
are suitable in particul g—for/ nproving p eption, concentration,

| earning or nenory after COgmMtive inpajrients |like those occurring in
particular in assqQciation wt sitia{ians/di seases/syndrones such as mld
cognitive inpai i N nfng and nenory inpair S,

age- associ at ed _QMory | Q@ e v denentia, craniocer raunma,
. > 77 .

stroke, denentia ocquring a st ost stroke de tig),

post-traumatic craninocerebra aunm, Njeneyal concentrgtiq i '‘Rp&i r ment s,

concentration i rEnts i-mchrtdren Wt ar nTng. an y probl ens,

Al zhei mer' s di ewy! body denenpiva, Yenentia with degen ion of the
frontal |obes i Wi ck' s syndrome, #arkinson's di seasf
progressi ve nucl ear | syH denmentia with corticobasal degen
anyol ateral sclerosis (ALS), Huntington' g7ty sease, nultiplgyscherosis,
t hal ani ¢ degeneration, Creutzfeld-Jacob dntia, HV demeAtia, N

schi zophrenia with denentia or Korsakoff™S¥psychosis. They are al so
suitable for the treatnent of central nerypys syst em di sorder@ such as

states of anxiety, tension and depression, CNS-related 15 sexual )
dysfuncti ons afk@mpperdg(lH) istabtdaghlemn a wynistags syathesis bl r¢asting sempousg (Y with

di sturb f the i f. food, stj t ddi.ct i t
The: comaounds. gemBmeeorkiet B (M % RetPirREuS poeeR St i or o
al so suitable Ewseqa&ﬂ%%ldr@nsmge%&bo&h@q@mj QWA RGuédUd SRR BRRBE The

effective agents for control ling m grai ne.

1
%




The conpounds according to the invention of the fornula (1) are al so
suitable for the prophylaxis and control of the sequel ae of cerebral
infarctions such as stroke, cerebral ischagyias and craniocerebral trauma.
They can |ikewi'se be enployed for controlling 25 states of pain. In
addition, the conpounds according to the invention of the formula (1) have
an antii nflammt ory effect and can therefore be enpl oyed as

anti - i nf | ammat BYdjogegetens. cap per caBiedoraitt i InesBgEANIG ni@lMentonfagl sgample

enconpasses th ound ccordln

i nvention of tﬁxgl¥ Wfoﬁgﬁﬁl) BIef%%blg‘?@ﬁ% aﬁgﬁlé‘{)gﬁ% F’i%l%gn‘ﬁﬁf ngo 70
donors. - 1apgy gpadfe@bli aidet &5 Bad sh§f-ﬁgd91@01fe§ctfdﬁr sdlﬁn%rp@drpgz%ﬁl Aoutsh€or

i nvention are generally subst ances whi ch display their therapeutic effect
via rel ease of eI (G 2shnaiey, @t elexated tesperayrebor euatployat dayo 80°@pagfptablyand
preferabl %gbtg 6ﬁé%ropru55|de 5 nitrogl ycerine, isosorbide
d|n|trate |so§ @ onitrate, nolsidomne and SIN-1. In addition, the
present invention also enconpasses the conbination with one or nore
conmpounds whi ch inhibit breakdown of cyclic guanosi ne nonophosphate (cGW).
These are pref €habbmpowid VHpcan bé mépasqdhbdh@chgr wsksF1Catalend J5F. Tanker,
nonmencl at ure of avo,an Rel snyde ), TIPS 11 pp. 150 to 155.
Particularly pf‘eé@’i“? Ji fAm- fiheme 3Afe %9 &,%é%g i nhibitors of

phosphodi esterase 5 (PDE V inhibitors), especially one of the conpounds
sildenafil (ViagraTT ', EP-A 0 463 756, WD 94/28902), vardenafil (WO

99/ 24433)0 or t Abatahpdund\(W) &u BOPrERIred Ahswevn inhhdfdllowingreh@ivni sshené:he

ef fect of the conpounds according to the invention, and the desired

phar macol ogi cal effect is 15 increased. -15 Bi ol ogi cal investigations
Vasor el axant effect in vitro 5 Rabbits are stunned b bl ow to the back of
the neck and are exsanguinated. The aorta is renoved of adherent
tissue, divided intorings 1.5 mnvvlde and put sin der tension in 5
m organ bat hsnygont apni ng car bogep <Ed Krebs- Hensel& I\ sol ution at 37C

with the fol | ow onposi tion ( Naci: 119; KO 4.8;1cad 2 x 2 H20: 1;
MyS04 x 7 H20: 1. 4; HP04 t.2; c0S,  25; quE:'oseHN ONIeforce of

contraction 10 is d ed with Statham UC2 cells, anpll
via A/ D converters ?EAS 2 HC, Kelthﬁﬂy | nstruments M
in parallel on chart recorder. A contractVn is generated b i ng

phenyl ephrine to t®@&SBRt h cumul atively in increasing concend’ratiom After
several control cycles, the substance to be investigated is investigated in
each further run in increasing dosage in each case, and the height of the

15 contraction is conpared tlre hei ght of the contraeN on-reached in
entrati on necessary toce t he hei ght of
)

the last preceding run. Th
the control value by 50% (| is calculated fromthis e standard
| he DMBO content in the bath solution

\igd and digitized
) and recorded

application volune is 5 ~1, and

S B00 nM Rabbi t
ptedgi t o bei ng

nodel 25 Adult mal e chi nchi
kept singly for several day ter bi very. They have e a to water
and can take feed for two hours a day.\The aninals are kept in/a 2Q/ 14- hour
day/ ni ght rhythm (light on from8.700 h), and the roon1tenper§ﬁure i's
22-24C. 30 Three to six aninmals are used in each treatnment group and are
wei ghed i medi ately before the start of the test. For the i.v.

admi ni str at i oncohpeurBiuItiaRbesnadlecindd GRlisvad dyithEsiame thRl sodfodd $aFe5EhEY1
GroH) and diluted in the ratio 3/7 with a 20% strength

15 cyanopyruvate, which is known from the literature (Borsche and Manteuffel, Liebigs.

Ann. Chem. 1934, 512, 97). Reaction thereof with 2-fluorobenzylhydrazine while

heating under a protective gas atmosphere in an inert solvent such as dioxane results

in ethyl 5-amino-1-(2-fluorobenzyl)pyrazole-3-carboxylate, which can be cyclized by

reaction with dimethylaminoacrolein in acidic medium under a protective gas

20 atmosphere and heating to give the corresponding pyridine derivative. This pyridine



-16 Crenophor solution (Crenophor (BASF), water). A volune of 0.5 ni/kg is
inj ected into the ear vein. Water-sol ubl e substances are injected in 0.9%
sodi um chloride solution. 5 For oral adm nigtration, the test substances
are dissolved in a 6:10:9.69 glycerol :water: pol yethyl ene glycol mxture and
adm ni stered by gavage in a volume of 1 m/kg. Under resting conditions,

the rabbit penls is invisible in the pubic region and_is 10 conpletely

covered by thedparitizeskethyl ThéZ-dpewobeaayll HHpyiaslobhs hjpyriskinsdrepmgxyliae., I éngt h
f th di L1 d
SRLCI Ry e

subst ance and, amhiopia Rtethe @fFtspoading atdie, dalidirdtionnaith ¥ datfyldedting, agént sicland 6
hours. The animals are for this purpose renoved fromthe cage each ting,

held firmy bytﬂﬂi@f@ﬁé‘ékc feohydiidg tongive dbe copespandingtnirie degrativeersaciog ke and

measur ed. Corre sol CONLE ried out. Conpar e :
refer ence. E B Ig%h(g é@ﬁ%@r‘ﬁ'e‘? O)ﬁ@? ?ndeﬁn gl];y TP 189%%51@@81%})%@(1%,
230-235; E. Bi ﬁggq{efoonkg yehner, H. Hanl ng, M Es Sayed, T. Schenke, K
H. Schl emmer, The Journal of Urol ogy, 2001, 165, 1316-1318; E. Bischoff,
Int. J. Inpotence Res 200I, 13, 146-148). 20 The mninmal effective dose of
t he conpound o

o) orI dministration, is W th
si mul t aneous a&ﬁf’ r?f’ PE\? o nﬁ‘ﬁﬁ%“}n € S%‘Hh?sfﬁ‘?ﬁrhyt ?‘gg‘roﬁgé‘é%n &Ruthe
-17 Det erm nat bl@ﬂe@ﬁer@&@frﬁﬁ%&%&%sb&nd?ﬁ‘é @Jfﬁérﬁ&tés @}Ee@étxddkbftﬁ&ﬁ?%?m%drﬁ’é al
adm ni stration The substance to be investigated i's adm ni steréd

i ntravend0sly asrbasmhtas icam bt preparerhins afaldgy. tp. QniLeeChu, 8E.8Y. Ragel) A. &ilsiboma)
adm ni stration s placg as so] uti or, s i gavage. After
admi ni strati onéogiif‘??(?g%% gﬁ%i; Mé%‘g&mé%dég&%ﬂg%@ge animals at fixed
times and is heparinized, and then plasma is obtained therefrom by
centrifugation. The substance is quantified analytically in the plasma by

LC/ MBMS. The leascti;)nccofrthe rmbnmbilmis/ cbﬁ the fomurlsedaf anchdl)i to gite sompyurds ef tked

to cal cul ate tE ZIS ok| n ar amret grs by neans of val i dat ed
phar macoki net i IE‘B‘%) {USINE JPG | TeagtARts, s e 0 amou@ts?,ma@m

1.0 ny/ kgs(as i

of Exanplqg 8 s?%\g&tsﬁg’ e*l dlfég‘%/)\nédh% p‘ﬁas %%gldgeo%?%tg;h %1{(1)2& %@E‘,‘%ﬁraﬁ%t and
(0.3 ng/ kg) = @re3afee[dfd th2lequiialentsaprbfdrabl) 1nigioklg) equitalent® dfladiake duch as, for

I nhi bition of cvtochro P450 enzynmes, 20 The potential for inhibition of

P- 450 i soenzy mE¥AHFCFOUYB R¥dset ntodiyp Mé\{—'a%m%m sitylamides preferpldy under
automatically 5{)% gﬁ%xé"ﬁllek%lfr@?ﬁmvnﬂé’éﬂn éfo?%eeﬁﬁct?cﬁlsﬁx&tlcﬁlr r SR fdihs, Bt S-
ased oh the 0

25 I n the assay ormation l'uorescent netabolites,
recombi nant enzyample(forgl HoXE WithZooRif, forCkanigle 19,-1Q1%5 torr08ﬁ4)en@mhtuna,
general substrates containing fluorescein or coumarin partial structures
are enpl 8Qed. Prfuably atd<e one substrate

Reaction of the compounds of the formulae (III) and (IV) to give the compounds of
the formula (Ia) can be carried out by using the reactants in equimolar amounts in an
organic solvent, for example an organic base, preferably pyridine, preferably under
25 atmospheric pressure and with stirring of the reaction solution for several hours, for

example for 12 hours, at 0°C to room temperature, preferably at room temperature.

Reaction of compounds of the formulae (V) and (VI) to give compounds of the
formula (Ib) or of compounds of the formulae (V) and (VII) to give compounds of
30 the formula (VIII) can be carried out by using the reactants in equimolar amounts or
with use of the compound of the formula (VI) in slight excess in an organic solvent

such as, for example, in a hydrocarbon such as toluene or xylene or in N,N-



concentration and 8 concentrations of the potential inhibitor are used.
After incubation with the particular reconbi nant CYP enzyne, a fluorescence
reader is 30 used to neasure the extent of;f]uorescent netabolites conpared
with the control (without inhibitor), and an 1CSO is cal cul ated [ Anal.

Bi ochem 248, 188 (1997)]. -18 In the 2nd assay, human |iver m crosones
are used as enzyne source, and the CYP i soformsel ective substrates used

are phenacet i ndiethylfprmamidey; pretsrabhn dn( thepproynced €kt 48 nﬁﬁ‘ﬁ&?lgﬁl&n peedsebive)
et . e n e
moasur ed st not EEUVRRRE TAELE B pR2oPbxinlfle AR RRL o RAAUR, hifaddlace,

val ues are cal greferdttgl uhd@natinbsphetid peéssor@ and weh afi@inigtof the kemiib® SolaasP Fored
with the control ( 1 substrate and 3 inhibitor concentrations). |nduction

of cytochronme F¥sel dpwyy e sxpmpleufernd haursrat glevated d¢mperatyrel Gormexample st 8¢at e
the potenti al oS d f.fe Jhe substan cording to the invention
inrel ati§0n to{ﬁﬁeﬁe?%%b‘%fa{:@'g%% o P A’L%areaﬁ)?/?étg, primary human

hepat ocytes are cultured with a cell density of 2.5 x 105 cells between two
| ayers of collagen in 24-well mcrotitre plates at 37C with 5% CQOZ for 8
days. The cel | Thaitanpaandeaicardingstoghe imyentiamaafithel foymutpgI)showra viduableunasgd of

culture, the hepatocytes.are treated with different. concentrati ons of the
test subst anceRhaRAGHogIFa.§ f?ﬁtﬁWﬁ’tchéo‘i’lﬁn&f}@@rvgfbﬁ?nf%{ﬁ%lﬂe n (RF, 50 ~M,
oneprazol e (OVE; 100 pM and phenobarbital (PB; 2 mM, in duplicate

determ nation for 5 days. The final concentrations of the test substances
are 0.01120 10They/eomponihds iacderdingy o ethk e atventiont e thes tfosmids t @ cleringoraboite

tochrome (CYP) P450.enzynes. 1. A2, 2B6, 2C 19 and 3A4 i.s determned b
S ng the SubGSPEBEIS G RELER of PRt EveseRn anf lead s rdoRA B
(CYP2B6 and 2Gdk@Qéifdl dn inffehse iBSoR5HaR) B1BSd Asw! ENERAfkcr Ard Jagdist%h lb?'%ije' Lur es
on day 8. The inductive potential of the test substances is found fromthe

activities, mestsoulatbn of sdluklevgmpnylate @¥iasd ak® an ABGacellad theaeade JINECGMP.yIme S
of treated cells,.compared with untreated cells. Table 1 _bel ow shows the

results of the? (P CYPPRILS3eeoraIng dAEs dnyension of e formudelll emapce Bg and
OME: 30 Tabl ; | : i \ i yitd I
Tabl e derecl %@%Pﬁét%ﬁcéawhg&nt 1&&#6&4@:&@2@%@%& @ﬁ%faﬁ of g§érﬂplg,ugBRF

hepat ocyte cultures after 1 ncubation st andardi ze
(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
20 disorders such as, for example, for the treatment of high blood pressure and heart
failure, stable and unstable angina pectoris, peripheral and cardiac vascular disorders,
of arrhythmias, for the treatment of thromboembolic disorders and ischaemias such as
myocardial infarction, stroke, transistoric and ischaemic attacks, disturbances of
peripheral blood flow, prevention of restenoses as after thrombolysis therapies,
25 percutaneously transluminal angioplasties (PTAs), percutaneously transluminal
coronary angioplasties (PTCAs), bypass and for the treatment of arteriosclerosis,
asthmatic disorders and diseases of the urogenital system such as, for example, prostate
hypertrophy, erectile dysfunction, female sexual dysfunction, osteoporosis, glaucoma,
pulmonary hypertension, gastroparesis and incontinence.
30
The compounds according to the invention of the formula (I) are also suitable for

controlling central nervous system diseases characterized by disturbances of the



- 19 Concentrati onCYP 1 A2CYP2B6CYP2C 19CYP3A4Control 01. 01. 01. 01. ORI F50
~Mh. d. 5. 1515. 219. 1 SPB2000 ~Mn. d. 14. 694. 006. 70OVE100

~M28. 571. 541. 611. 45Exanpl e 80.01 ~g/ m 0. 7618 921. 301. 370. 1

~,g/m 0.701.62]".301. 601. 0 pg/ m 0.901. 851.121.5110 ~gl m 1. 382.541. 973. 47
n.d. = not determ ned The present invention further relates to nedi canents

whi ch conpris t st _one conpound cording to the .invention, :
preferably toglélﬁﬁce(%ﬁgj ﬂi?? ’e5r yg%r e“ﬂ)‘ﬁiﬁ%ﬂ%of’%ﬁ?‘éﬁq ') dBCED 2 REFecption,
exci pi ents_or gahcEntfhidn, RBMidol ARmPE aftétedopAltivk A Eﬂx%eﬁtEka@’TF | QRfing

pur poses. The active ingredient my Have syStemc gnd/ or local effects.” For
thi s purpose, intpactaularGn bssoaidtiomiwsthesiteations/disessestspidremensuchas mikkcoghaive

exanpl e, oral,, patenteral, pulnonary, .nasal, sublingual, |ingual, buccal,
rectal, transd Wenboﬁﬁjﬂ@f’?‘%’& , 1a9pnE apndy mepROTYAMBHIMentHe age-psspgiated

i ngredi e can 1. U S ! m 0, S i It : se
15 adm ni 5t 2t TonoPouras VELR U AT, Bashk kb AN BT SKL | FHRYL Bk
admi ni strat i onafterrstmked (st eiedlievdemérhia),aadst-autagy edniiotrebAapitunaggedepal i n
a nodified manner, such as, for exanple, tablets (uncoated and coated
tablets, e.g. fORSFRAIOPIBDPAEBENL SORCRIHFAEON AMpHENERE4n ghildren with legryingpaded
tabl ets), caps - coatad.: el r p , rS, :
enul si ons, sus%éﬁ]sglryoﬁ)g?&é%lg’u |1%%§&1§Iﬁ% cg%,rats)ego?% %ﬁdgn? é¢1§+t§aa rﬁ%\r{l&g} r%’ftlhon
can take pl acedagendratioroiofialc ronfal dsbealdacluding Aricls’s apndrofeN PakYR0A¥Sdisease,
intraarterial, intracardiac, intraspinal aor intralunbar) or with inclusion
of an ab&br pt | REEHYE vGksanPalsy. dembenitayaty sorticabasal deganevstien, amyolateral
per cut aneous, Lotr [ ' .0l s e} r itabl.e for..
parenteral ad m&?ﬁrls){]% a(?‘lﬁ%?u’ g@gﬁ%zﬁ? Seﬁﬁga%alggé, ﬁ][ﬁtr%@%eag %IH%(SJ{%E ﬂ?agémfénfl%ep F%Ho%ind

i nfusion in therdueafetddhcadol dimentia, KEDSpaasenas, schiddphiteds , witly Opéthbitzat@s
and sterile powders. 10 Suitable for the other routes of adninistration
are, for exanpiarsafhs msyehesiscihey arenglsq spitabim forathe dreatment oof cgniral nesvensr

i nhal ers, nebul,j \ dr ol ptions, r ., tablets o a l.es
for |ingual, s%?’t%feﬁ{ngﬁsgf&gsf %%hcégr&a/é%moﬁ%%’??& itgorrp?foaﬁ)s/% dpggPrte%sﬂ?%séNg'rgﬁ%éd
preparati®ns fgxkuilheysfan&tionddafy efieep AWtRBhneAP I for BMENHB SHHRABSHLANS
(lotions, 15 shaking m xtures), |ipophilic suspensions, ointnents, creans,
m |k, pastes, ds@rbangespikreingkeoffogs), stimulants aod addictivepqubstrrgepl e, st ens.

The compounds according to the invention of the formula (I) are furthermore also
suitable for controlling cerebral blood flow and thus represent effective agents for

20 controlling migraine.

The compounds according to the invention of the formula (I) are also suitable for the
prophylaxis and control of the sequelae of cerebral infarctions such as stroke, cerebral
ischaemias and craniocerebral trauma. They can likewise be employed for controlling

25 states of pain.

In addition, the compounds according to the invention of the formula (I) have an anti-

inflammatory effect and can therefore be employed as anti-inflammatory agents.

30 Furthermore the present invention also encompasses the combination of at least one
compound according to the invention of the formula (I) with one or more organic

nitrates or NO donors.



The active ingredients can be converted in a manner known per se into the
stated adm nistration forns. This takes place with use of inert non-toxic,
pharmaceutically 20 suitabl e excipients. IP@_se i nclude, inter alia,
carriers (for exanple mcrocrystalline cellulose), solvents (for exanple
i quid pol yet hyl ene glycols), emulsifiers (for exanple sodi um dodecyl

sul phate), dispersants (for exanple polyvinyl pyrrolidone), synthetic and
nat ural biopolynmers (for exanple albumn), stabilizers (for exanple
antioxi dants s r b [ o [ l e i ani

pi gments such %&é‘?i“?‘gdﬁégo%%é‘g %&wrrsras ﬁﬁé aovsé%?)g tgér(l c?rnﬁ%%lo%gé %.enefﬁ}ay
active ingredi eutistaness, whichrdispipthefer therapeutio eeffecesanieleatesof NO or NO species.

m croencapsul ated formin one or nore of the carriers indicated above, The
t her apeut i cal | Meatippapayke B3e Oy RYe! expnpie apd pecigrably busadivie nifrepsesside n

he 30 bh . ' g o R . ;
about 0. 1t o oftieEri RORAkE ARREs Ao BReIRGL R, HfRRIREL R REL”
conpl ete m xture. -21 The pharnaceutical preparations detail ed above may,

apart fromthe_conpound according to the invention of the fornula (1) also
contai n ot her &taddjiéon,therpreseatinvention; alggrangpmpasses the comhingtierewish ah¢ gr morsy ed

to b d t bat h ,.n h i t er,i edi ci t dm ni
Lhe sctive | noFatpengs dulith HHRF pikai 58 i AlaheShe o mhomhee hEMibout
0. 001 to about Thése #E8freferBlyy irﬂil‘.?l@ﬂs bPFE%pBMéMaQE bodyndei dBheRMSE of

hours, where appropriate inthe formo lurality of singie doses, to
achi eve flfle deSearwdandeBeifinyder 189hgTPSdbk ppcbift ki hS. (Pagicalarly vprefemet edihént

according to the 10.inventi.Q referably in a of . .about 0.001 to apout
30T par t 1 cubreRiosAE S orb b rodiistas G HE v ShuBisRak sieciiy ik o
is explained i henBipaliaisliddatip\wiakra™ans-2f0 aen-758S twOCH4/YE0RY,efLldnael]
exanpl es. Unless indicated el sewhere, all quantitative data relate to 15
per cent ages by (W& ¥H244330 oy easlalafib (WEX 95/APPTR)i These anhibisors pdteotate ¢hret efferct of)
data for liquid/liquid solutipons relate i.n each, case to volune.. _-22 |
Abbr evi at i ons: ﬂﬁd@ﬂ’é’ﬂ"ﬂ ?‘?CPT‘@&@A -eBﬁ‘feyflo%tcaé‘ﬁaﬁl%%ﬁs-“ﬁﬂt@ﬁ%??cgﬁ%@iahﬁ%%&éﬁt ic
aci d/ phogphat ejudf&r pH 6 (50: 9: 25.15; org.

phase) conc. concentrat edDCl di rect chem cal ionization (in

VB) DCMWi chl or orret haneDl EAN, N di i sopr opyl et hyl am neDVSCGdi et hyl

sul phoxi deDVFN, N di et hyl f or mam deEAet hyl acet at eEl el ectron i npact

ioni zation (in MS)ESIel ectrospray ionization (in M)hhour HPLChi gh pressure,
hi gh performance |iquid chromat ographyLC Mscoupl ed |i quid

chr omat ogr aphy/ mass spectroscopyLDAl it hi um

di i sopr opyl am deMCPBAmM chl or oper oxybenzoi ¢ aci dm p. nel ti ng poi nt MSnass
spect roscopyNMRnucl ear magneti c resonance spectroscopyRfretention index (in

TLC) RP- HPLCr ever se phase HPLCRTroom t enperatureR~retention tine (in
HPLC) sat . sat ur at edTHFt et r ahydr of uranTLCt hi n | ayer chr omat ogr aphy



-23 Mobile chases for thin-layer chromatography: T 1 E 1: tol uene/ethyl
acetate ( 1:1 ) T 1 EtCOH 1. toluene/ethanol ( 1:1 ) 5 C1 E 1:

cycl ohexane/ ethyl acetate ( 1:1) C 1 E2:_ gyclohexane/ethyl acetate ( 1:2)
LCVM5S and HPLC net hods: 10 Method 1 (LCVMS) Instrunent: M cronmass Platform
LCZ, HP 1100; colum: Symmetry C 18, 50 nmx 2.1 mm 3.5 Vim eluent A
acetonitrile + 0.1 %formc acid, eluent B. water + 0.1 form c acid;
gradient: 0.0 Biologieakinvestigatiansi n 90% A -~ 6.0 nin 90% A. oven: 40C. flow
rate: 0.5 m/mn; UV detection: 208-400 nm 15 Method 2 (LCMS~ Instrunent:
M cromass Quattro LCZ, HP 1100; colum: Symetry C 18, 50 mrmx 2.1 mm 3.5
pm eluent A ¥a§jrelaxdnt effectin Gtrd % formc acid, eluent B: water + 0.1
formc acid; gradient: 0.0 min 10%A -~ 4.0 nin 90% A -~ 6.0 mn 90% A;
oven: 20 40C, flow rate 0.5 mM/mn; W detection 208- 400 nm Met hod 3

279 G 8., 50
T o 555 vi Kbt g o 6 o pgtt e P nding A Psafgbingted. T dorti™
acetoni trile +isGrefo¥ed, aredl Gf %éhe%ﬂé(ilssﬂ:r @ﬂhd‘éﬁt 1nt00r119%§”1 5 nﬁr@»@de anﬁ Fut Fng 8,10%

B~6.0mn 10% B; terrperature 50C, flow rate: detect |
210 nm Met hodlmldeQ‘ KBsIon in hslrongearttathsidPntaibd(e whdgeﬁ)@ﬁbsecth’.kehsﬂienb’elexﬂmﬂution

RP- 18, 60 m"nx ijv;/@ 30 el uent f 04/1 o , = ACN;

gradient: 0 nifAf20% B“abt?‘%%ﬂ%‘%ﬁ%ﬂp%‘@nﬁ{‘m&%@ﬁﬂ%é éC#‘*rgég%?E‘ 2 HeBuwl:

rate: 0. 75 rri | Mg30,5ENMR,0: BRKHFD,Lt0! RBHEY, 240 siTbse: 10. The force of contraction
10 is detected with Statham UC2 cells, amplified and digitized via A/D converters (DAS-

1802 HC, Keithley Instruments Munich) and recorded in parallel on chart recorder. A
contraction is generated by adding phenylephrine to the bath cumulatively in increasing
concentration. After several control cycles, the substance to be investigated is
investigated in each further run in increasing dosage in each case, and the height of the
15 contraction is compared with the height of the contraction reached in the last preceding
run. The concentration necessary to reduce the height of the control value by 50%
(ICsp) is calculated from this. The standard application volume is 5 pl, and the DMSO

content in the bath solution corresponds to 0.1%.

20 The 1Csp for the compound of Example 1 is 670 nM, and the corresponding value for
the compound of Example 8 is 500 nM.

Rabbit model

25 Adult male chinchilla rabbits weighing 3-5 kg are adapted to being kept singly for
several days after delivery. They have free access to water and can take feed for two
hours a day. The animals are kept in a 10/14-hour day/night rhythm (light on from
8.00 h), and the room temperature is 22-24°C.

30 Three to six animals are used in each treatment group and are weighed immediately
before the start of the test. For the i.v. administration, the substances are dissolved in

Transcutol (GATTEFOSSE GmbH) and diluted in the ratio 3/7 with a 20% strength



-24 Preparative RP-HPLC Col um: YMC gel; eluent: acetonitrile/water
(gradient); flowrate: 50 m/nmin; tenp.: 25C, detection UV 210 nm -25
Starting conpounds: Exanple | A Ethyl

5-am no- 1- (2-f l'uor obenzyl ) pyrazol e- 3- carboxyl ate 5 H3 11 1.75 g (75 m,
0.98 nol) of trifluoroacetic acid are added to 100 g (0.613 nol) of sodium

salt of ethyl cyano yruvate repared_i n_anal o% to Borsche and Manteuffel,
10 Li ebi gs Anntrempphor splytionyifyremaphord BASTY, WpisXaftevalpme of Arigakkeis miected

el f1ciont oti kG alar o0 (ATRSHA SuosBHled I8 W', 20 LGl ice!d

m nut es during precursor |sso hen 3

nol ) of 2-fl uogdmmlzyl hydr azi ne are added, and the mxture I s heated under
reflux overnight. After cooling, the crystal s of sodiumtrifluoroacetate
whi ch have separated out are filtered off wi th suction and 15 washed with

di oxane nd the solut] r eac d f r it

By 1 (51| U onSHo A SRS 2081 dr, ST e Sistrhofly ac & RSN /

~ IN O CHS O glycerol.water.polyethylene glycol mlxture and administered by gavage in a volume
of 1 ml/kg.

Under resting conditions, the rabbit penis is invisible in the pubic region and is

10 completely covered by the penis skin. The erection is assessed by measuring the
length of the protruding penis with a slide calliper. The measurement is carried out 5,
10, 15, 30, 45, 60 and 120 minutes after administration of the substance and, after
oral administration, additionally after 3, 4, 5 and 6 hours. The animals are for this
purpose removed from the cage each time, held firmly by the neck fur and the rear

15 paws, turned on their backs and measured. Corresponding solvent controls are carried
out. (Compare reference: E. Bischoff, K. Schneider, Int. J. of Impotence Res. 2001,
13, 230-235; E. Bischoff, U. Niewoehner, H. Haning, M. Es Sayed, T. Schenke, K.
H. Schlemmer, The Journal of Urology, 2001, 165, 1316-1318; E. Bischoff, Int. J.
Impotence Res. 2001, 13, 146-148).

20
The minimal effective dose of the compound of Example 8 on oral administration is
0.03 mg/kg (with simultaneous administration of 0.2 mg/kg i.v. sodium nitroprusside
SNP).



S The solution obtained fromExanple 1 Ais mxed with 61.25 m (60.77 g,
0.613 nol) of dinmethyl am noacrolein and 56.28 nl (83.88 g, 0.736 nol ) of
trifluoroacetic acid and boiled under argop, for 3 days. The solvent is then
evaporated in vacuo, and the residue is added to 21 of water and extracted
three tines with 1 1 of ethyl acetate each 10 time. The conbi ned organic
phases are dried vmth rragne5| um suI phate and concentrated in a rotary
evapor at or. ChE§t® anhofi pharmadol aranfetds k gftef  gittaverpugelandelargli ng
wi th a tol uene/tal uene- et hyl acetate = 4:1 gradient. Yield: 91.6 g (49.9%
of theory overm%s) Mel ting poi nt 85C 15 Rf(Si02, T1 E1): 0.83

-27 Exanpl e 3A 1-(2-Fl uorobenzyl)-1 H pyrazol o] 3, 4-b] pyri di ne- 3- car boxam de
FNNv~~N~NH2 //O5 10.18 g (34 nmol) of the ester obtained in Exanple
2A are int roduEh@iSuhstaocqwenilnvm‘tiga’edhsaarbhinwltﬁrwidmasemw as ablutiah ¢wlamiirtals
ammoni a at 0-10C. The m xtur ed. at roo eratyre for two days
and then toncetft§ J06e BiS b%ioan%Fgrelsq nis{ratign fal e“bplﬁ 3D SERUGH PeSUspEnsion

g qulago ( % 3%2 f i)*'%{woagg NEHED adinibisRYGAZ OF e [sﬁbsﬂarp:]e pyl'bb&] id@kén Nohé Mnmdid 2
1- (2-f1 uor obengyed -tirhtspyandz & d{eﬁamnbe]dpyancﬂlth@r lemrdmxadsbtﬁhmdrmaieﬁeéﬁﬂmye 3A
are dissolved in 330 M of THF, and 27 (341 Rd yridi ne_are added.
Then, over t heC@HHugaIgy The SHPStaRceds quan 1ﬁ6d ppalytreal gnéhe BléimWIL)C/MSMS
El(r)ICf ! _‘I{ﬁgoacet | $h@BRNAGL Afc@GsIERR: coiWel TutinClhid Ry LRBREALYaktuld S8R O

. 10 pharmacokinetic parameters by means of a validated pharmacokinetic computer

programme.

After oral administration of 0.3 and 1.0 mg/kg (as solution in Solutol:EtOH:water

1:1:8) to rats, the compound of Example 8 shows the following plasma
15 concentrations (AUC):

AUCstand (0.3 mg/kg) = 0.326 [kg*h/L]

AUCstand (1.0 mg/kg) = 0.548 [kg*h/L]

Inhibition of cytochrome P450 enzymes

20
The potential for inhibition of P-450 isoenzymes which are important for metabolism
is investigated automatically in a 96-well format. Two different assays are used for

this.

25 In the assay based on the formation of fluorescent metabolites, recombinant enzymes
(e.g. CYP1A2, 2C8, 2C9, 2C19, 2D6 or 3A4) and in general substrates containing
fluorescein or coumarin partial structures are employed. In each case one substrate
concentration and 8 concentrations of the potential inhibitor are used. After
incubation with the particular recombinant CYP enzyme, a fluorescence reader is

30 used to measure the extent of fluorescent metabolites compared with the control

(without inhibitor), and an ICsy is calculated [Anal. Biochem. 248, 188 (1997)].



-28 mxture is stirred at roomtenperature overnight. It is then added to 1
1 of water and extracted three tines with 0.5 1 of ethyl acetate each tine.
The organi c phase is washed with saturated,gsodi um bi carbonate sol uti on and
with 1IN hydrochloric acid, dried with magnesi um sul phate and concentr at ed
in a rotary evaporator 5 Yield: 33.7 g (100% of theory) Melting point: 81
CR(SiOz, T1 F1): 0.74 Exanple 5A 10 Met hyl

(2- | uor obenzylm) the And\asseyohwipan Lives Bicrosemes 252 usedtss enmimaa seuree, andihy CYP/ N
~N HsC O H 30. %éfogrg(sgpe?g @strg{eﬁ 994 4o %thé)e)ﬁnd(%ﬁﬁqﬂ' alcPoaneag (WP]ZC@)l of

net hanol , and
3- cyano- 1- ( 2- f dexeroaieetiviphan @(B&'pmay@h@[xaldazamy(a:ﬂpmmﬂﬁ}{e‘ FOMaEYANGH hedA)
are added. The mxture Is stirred at roomtenperature for 2 hours and the

resul ting sol updrtenlps metabobieets icpsuced ysingrL@ fMaSctAsﬁtuag@g that- mblbﬁmmsl e

6A 1-(2-Fluorobenz razol o[,3,.4- Q] | ne- 3-.car.boxa N. Nw N
H N NI(—| H3 TheC ‘EBH’%‘EH)"%KM B% %IE‘“F 80‘?‘?\/}8 ‘ﬂEJF‘?“Cilon iROEEbSNE Fofmlion

H pyrazol o 3, %&h@f&d Qim%e?c&l%bmumt@lﬁé gnd %ﬂ@&ﬂ%@heeﬂﬁa@éﬂafd from Exanpl e
SAis mxed with 33.76 g (32.19 m, 562 nmol) of glacial acetic acid and
9.28 g (173 mml) of ammoni um chi orlde and stirred under reflux overnight.
The sol vent is_evapor n, the residue.is t ruhly triturated
with acetone, OLE SR At AL manliver.cell, WSt h suction. It
is 10 added to 2 1 of water, 31 8 g of sodium car bonate are added while
stirring, the mxture is extracted three times with a total of 1 1 of et hyl
acet at e, l&nd t Ae mvestighte the potential for side effects of the substances according to the

invention in relation to induction of cytochrome P450 enzymes, primary human
hepatocytes are cultured with a cell density of 2.5 x 103 cells between two layers of
collagen in 24-well microtitre plates at 37°C with 5% CO, for 8 days. The cell
culture medium is changed each day.
15

After 48 hours in culture, the hepatocytes are treated with different concentrations of
the test substances, comparing with the inducers rifampicin (RIF; 50 uM),
omeprazole (OME; 100 pM) and phenobarbital (PB; 2 mM), in duplicate
determination for 5 days. The final concentrations of the test substances are 0.01-

20 10 pg/ml.

The inductive effect of the test substances on the cytochrome (CYP) P450 enzymes
1A2, 2B6, 2C19 and 3A4 is determined by adding the substrates 7-ethoxyresorufin
(CYP1A2), ['*C]-S-mephenytoin (CYP2B6 and 2C19) and ["*C]-testosterone

25 (CYP3A4) to the cell cultures on day 8. The inductive potential of the test substances
is found from the activities, measured in this way, of CYP1A2, 2B6, 2C19 and 3A4
enzymes of treated cells compared with untreated cells. Table 1 below shows the
results of the compound of Example 8 compared with the inducers RIF, PB and
OME:

30 Table 1:  Inductive effect on liver enzymic activities in human hepatocyte cultures

after incubation for 8 days (standardized)



phase is dried wth nmagnesi um sul phate and evaporated in vacuo.
g (76.4% of theory over two stages) mp.:

Exanpl e 7A 2-[ 1-(2-Fluorobenzyl)-1

H- pyrazol o[ 3, 4-b] pyri di n-3-yl ] -5-[ (E) pheny

86C 15 Rf(Si Oz, T1 EtOHI):

Yield 27.5
0. 08

{%i azeny! 1- 4, 6pyri ni di nedi ani ne

-30 /\ NH2 n2iv N// N 3.87 g of sodium nethanolate and then 12.2 g (71.7

mmol ) of phenylazomalononitrile ( F_Cavalieri J F Tanker A Bendich,
J. Am Chem 3 Soc., 19¢QncefirmiciP)CRpPaRdfedybong FiYPREISI! BiipeR4O]
21 .92 g (71. 7| mmol ) of
1- (2f | uor obenzyT) - I pyr azol o] 3, 4} b] pyL1 di he- 3- car bpxam ai ne 1 n
N, N- di net hyl f or tek fir om @<arrpI 2 6A.0The| ni xtlre E st prred atl.910C
over ni ght and rat~towedt—tro—coor— =T roi-nrrciprecrprtates—s—ftter-cd of f
w th suction and REShed wi3thudt hapol .ndxying rsesults i n5.28 g|(73%f
t heory) of the t ¢onpound -31 Exanple 8A 241 1-(2- Flllnrnhnn7 1)-1
H-pyrazol o 3, 4- b] pgri di n-z’?o(ml M4, P, 6(nocyr| i di negyi am ne g9 i hydrqefj orilde N
N/ I ~F~N+NNNH H2N NHz 5 5 11. 38 mol ) of
2-[1-(2-fl uor obe )-1H a | 3, pyri di yl]-5-1,(E) phe y#gl azenyl ]
-4, 6-pyrimdinedi ne frgﬁ%ﬁf—_‘x@rrp e gl%atre hyc“:%gen 0t ea' i th|8 81 50%
Raney nickel ifft water 1n 60 m —Of [ DVF_Under a pressure o _oo|bar_ ol
hydrogen at 62&Exeowled |h8¥dg/mhe| calalbyst |is 92 tefed l1o¥F with Isiicti on
t hr ough

0.1 pg/ml 0.70 1.62 1.30 1.60

1.0 pg/ml 0.90 1.85 1.12 1.51

10 pg/ml 1.38 2.54 1.97 3.47

10

15

n.d. = not determined

The present invention further relates to medicaments which comprise at least one

compound according to the invention, preferably together with one or more

pharmacologically acceptable excipients or carriers, and to the use thereof for the

aforementioned purposes.

The active ingredient may have systemic and/or local effects. For this purpose, it can

be administered in a suitable way such as, for example, oral, parenteral, pulmonary,

nasal, sublingual, lingual, buccal, rectal, transdermal, conjunctival, topical or as

implant.

The active ingredient can be administered in administration forms suitable for these

administration routes.

Suitable for oral administration are known administration forms which deliver the

active ingredient rapidly and/or in a modified manner, such as, for example, tablets

(uncoated and coated tablets, e.g. tablets provided with enteric coatings or film-



10 ki esel guhr, and the solution is evaporated in vacuo and stirred with SN
hydrochl oric acid. The yell owi sh brown precipitate which separates out is
filtered off with suction and dried. 3.1 g(59.3%of theory) of the

t arget ed conmpound are obtained. The free base is obtained by shaking with
di l ute sodi um bi carbonate solution and extracted with ethyl acetate. The

solid insoluble in both phases is filtered off with suction. The 15 et hyl
acet at e phase %% @Blsisyi %gﬂé?ﬁawgaaﬁeefﬁ@éabéffts,t&s@n#?seeellfé%QOWéﬁ@nffpélss@As

Met hyl cyanomg@élﬁmgwt%%%ggg%ﬁ (psl N~O~-CH3 N~I 20 CH3 -32 prepared

i n anal ogy to: i borne, C S. Cooper, C M Lee, J.
Med. Chem 1996, 39, 3070-3088. Exanple 10A 5 Sodi um

(E) - 2-cyano- 2-[ (et hoxycar bonyl ) (et hyl ) am no] et henol ate Na+ O O i CHs N/
"N O CH3 0. 46 Barewterd mnystr@mors@aw qmtlatw;xwab e@\sn@ae@d)fuﬁdeﬂbscapg@m step
tetrahydr furapﬂ{}sol ut i

ot i ¢ ottt Sefatrerd trafard e inkdsid ol S tathay iR & hish inepusiog,

mmol ) of ethyl of @hnE8s8rptioal Hhﬂrﬁﬂuaﬁulaﬁ §ﬁ&ﬁ4aﬁe@\ﬁd€iﬂtrﬂfu%‘6bl§se ﬁe@clﬁiﬁeéus or
m xture. The m xture is stirred at over ni The solvent is

concentrated i mtsapenifonéah). éxdnnmatrgmewbpm? a‘lltalb? fénaaranretahydmmlﬁwlongreami@rd to
t he residue. h]&j %‘/Rf 6{ i ch haven% %%rat ed %ut areffl ttered of
suction and drf L3RS JRT PAEHOM 2nflsniisignyn hegfory 0(756’}1 @PST%QBW)M%PLC

Met hod 4 Rt DVSO- d6 8 =2.90 (d, 1
g. 35 ?s éH) :e))r.nuljsm'ﬁ l%sﬁhlhzdf&s%sfegﬂ)@pmers ) ( H,

Suitable for the other routes of administration are, for example, pharmaceutical forms
for inhalation (inter alia powder inhalers, nebulizers), nasal drops/solutions, sprays;
tablets or capsules for lingual, sublingual or buccal administration, suppositories,
preparations for the ears and eyes, vaginal capsules, aqueous suspensions (lotions,
15 shaking mixtures), lipophilic suspensions, ointments, creams, milk, pastes, dusting

powders or implants, such as, for example, stents.

The active ingredients can be converted in a manner known per se into the stated
administration forms. This takes place with use of inert non-toxic, pharmaceutically
20 suitable excipients. These include, inter alia, carriers (for example microcrystalline
cellulose), solvents (for example liquid polyethylene glycols), emulsifiers (for
example sodium dodecyl sulphate), dispersants (for example polyvinylpyrrolidone),
synthetic and natural biopolymers (for example albumin), stabilizers (for example
antioxidants such as ascorbic acid), colourings (for example inorganic pigments such
25 as iron oxides) or masking flavours and/or odours. The active ingredient can, where
appropriate, be present also in microencapsulated form in one or more of the carriers

indicated above.

The therapeutically effective compound of the formula (I) should be present in the
30 pharmaceutical preparations detailed above in a concentration of about 0.1 to 99.5,

preferably of about 0.5 to 95, % by weight of the complete mixture.



- 33 Exanples Exanple 1 Ethyl 4-am no-2-]

1- (2-fl uorobenzyl)-1H pyrazol o[ 3, 4-b] pyridi n-3-yl]-55

pyrim di nyl (net hyl )carbamate F N N ~N N N{=NH2 N-CH3 O O H3C Under argon,
0.80 g (2.61 mmol ) of

1- (2-fl uorobenzyl)-1H pyrazol o[ 3, 4- b] pyri di ne3- car boxam di ne from Exanpl e
6A, 0.51 g (2.86 of ., sodi um ya 2 10

[ (et hoxycar boh$ %%Wtycahwélﬁ%&%le AbGHS ERGARrt 1 Amathe Gompoypd
(0.73 m, 5.23, f The
m xture is heat ll d@rth&li ‘{%hgy4 gfr%gerﬂlgﬂgasﬁggﬁgl%ﬂttaﬁle%tﬂ%roﬁw‘s B{] a%“é‘g%i n
and is m xed amgrediehtsact ed with dichloronmethane and water. The organic
phase is dried over nagnesi um sul phate, filtered and concentrated in vacuo
inarotary evaporator. The 15 residue is nmxed with 5 nl of diethyl ether

and crystalliz r i

dried ;n pur i %G%E%?%yﬁ aréi?'S i aé%ﬁrﬁé%aﬁg @mtn Jathglfggf% Y\%ﬁh a?y@tﬁg%pie
LG M5 (Met hod ) adrﬁims?er&h@ihcmrdh cﬁ&it)accdii’ﬂx?n to4@13 1(1%&001'1 121Qotal HUNM%S(&OO
MHz, DM SO d6): 8 = 3 (s, 329 (s, , 8mg{( H, 7.097.42 (m
SH). 8.20 (s, dbent (BOQMtC( @houtl plsfeyablydu%llrtg 109 gmf bady weight everys
Exanple 2 Ethy

[3, 4- b] pyri di n&%h?/‘?rf S %19 Bﬁ?ﬁ%ﬁﬁll?ﬁty i e oS BPIAlity o S HERS! © achieve the

desired results. A single dose contains the active ingredient according to the

10 invention preferably in amounts of about 0.001 to about 30, in particular 0.001 to 3,
mg/kg of body weight.

The present invention is explained in more detail below by means of non-restrictive
preferred examples. Unless indicated elsewhere, all quantitative data relate to
15 percentages by weight. Solvent ratios, dilution ratios and concentration data for

liquid/liquid solutions relate in each case to volume.



OO5 CHs 107.35 nmg (0.31 mmol ) of

2- [1 (2-fluorobenzyl)-1H pyrazol o] 3., 4-b] pyri di n-3-yl ]

4,5, 6-pyrimdinetriamne trihydrochl oride.$yom Exanple 8A are added to 5 m

of pyridi ne, and the mxture is cooled to 0OC. 33.25 ng (0.31 nmmol) of ethyl

10 chloroformate are added, and the reaction is left to stir at RT

overni ght. The ridine is evaporated in vacuo in a rotary evaporator, and

the residue isﬁgﬁﬁ!ﬂ&é@%y preparative RP-HPLC. Yield: 56.2 ng (43% of

theory) LOCMS (Method 1 ): Rt = 2.66 min 15 M5 (El): mz = 423 (MtH) +

"H- NWR (300 MHz, DVMBO-d6): 8 = 1.17-1.33 (m 3H), 3.97-4.14 (m 2H), 5. 80

(s, 2H), 6.14 AIGN s 4|—|) ac@tofifdlé. 17 (m 2H), 7.22 (t, 1 H) 7 29-7.40 (m

2 7.97 (br. , 8.60 (d, Ie 3

| |s_?)pr opyl S, 6- g,AQﬁ no 2-1 nlbl{tgl pq%%mpglaglal acel?l)c ac1d/phosphate m)ffer

H-pyrazolo[34b]pyr|d|n rbamate F 5 Prepared in

anal ogy to Exanple 2 Wth%%%ESOS@?g 1?3611%2%43§ of 2-[1-(2fluorobenzyl)-1

H- pyr azol o[ 3, 4eddcpyr i di n- Foydentrdted, 6- pyri m di netri am ne tri hydrochl ori de

from Exanple 8A,_ 7.5 m of pyridine and 52.47 (0.43 muol ) of isopropyl

chl or of or mat e. Dfile r esi dudlifest ghgmigsl Lﬂ?lﬁaﬁoa(léhl‘gg) or onet hane/ met hanol 10

m xture, filte and dri I 65 ng (88% of theory) LC/MsS (Method

1): R~ =2.84 WMS (EI)%&}&O%&? (MtH+ * H NWR (300 MHz, DMSO-db): 8

1.26 (d 6H), BDIBR (quin. N N-difsoplopPlethylamindd) , 15 7-07-Z)- 20 (m 2H), 7.25
1 . 7.31-7.43 2 47-7.57 1 , 8.16 r. s,

(t. 149 DMSO (m E?methy (m 19 (

1 sulphoxide
DMF N,N-dimethylformamide
EA ethyl acetate
EIl electron impact ionization (in MS)
ESI electrospray ionization (in MS)
h hour
HPLC high pressure, high performance liquid chromatography
LC-MS coupled liquid chromatography/mass spectroscopy
LDA lithium diisopropylamide
MCPBA m-chloroperoxybenzoic acid
m.p. melting point
MS mass spectroscopy
NMR nuclear magnetic resonance spectroscopy
Ry retention index (in TLC)

RP-HPLC reverse phase HPLC

RT room temperature

R; retention time (in HPLC)
sat. saturated

THF tetrahydrofuran

TLC thin layer chromatography



1H, 874 (dd, 1 H, 898 (dd, 1 H. OHGC\ CGB -36 Exanple 4
Neopentyl 4, 6-diami no-2-[ 1-(2-fluorobenzyl)-1

H-pyrazol o[ 3, 4-b] pyridin-3-yl]-5 pyrimdimcarbamate F NI \ N ~N N- NHZ
H2N NH O H3C CH3 O 5 HsC Prepared in analogy to Exanple 2 with 100 ng (0. 29
mml ) of 2-[1-(2

fl uorobenzyl)-1Hp razol 0[3 4 b] pyr|d|n 3 yl1-4,5, 6-pyrimdinetriam ne

tri hydrochl or i SR2ED faver ghramatography i ne and 43 ng (0.29 mmol) of
10 neopentyl chl orocarbonate Y| eId 54 ny (41% of theory) L M5 (Method 1
): R 3.10 min M5 (El): mz = 465 (MtH)+ ' H NVR (400 MHz, DMSO-d6): 8 =
0. 95 (br s, 9H) E13 74 (ﬁ)lueﬁéﬂ):thyﬁaczﬁte((s H2H), 6.10 15 (br. s, 4H,
7.08-7.17 mZH%j 7.29-7.39 (m 2H), 8.00 (br. s, 1 H,
8.60 (dd, 1 1 t%l(ddtol@nﬂythanol(l 1)

5 ClELlL cyclohexane/ethyl acetate (1:1)
Cl E2: cyclohexane/ethyl acetate (1:2)
LCMS and HPLC methods:

10 Method 1 (LCMS
Instrument: Micromass Platform LCZ, HP1100; column: Symmetry C18, 50 mm x

2.1 mm, 3.5 um,; eluent A: acetonitrile + 0.1% formic acid, eluent B: water + 0.1%
formic acid; gradient: 0.0 min 10% A - 4.0 min 90% A - 6.0 min 90% A; oven:
40°C; flow rate: 0.5 ml/min; UV detection: 208-400 nm.

15
Method 2 (IL.CMS)

Instrument: Micromass Quattro LCZ, HP1100; column: Symmetry C18, 50 mm x

2.1 mm, 3.5 pm; eluent A: acetonitrile + 0.1% formic acid, eluent B: water + 0.1%

formic acid; gradient: 0.0 min 10% A - 4.0 min 90% A -> 6.0 min 90% A; oven:
20 40°C; flow rate: 0.5 ml/min; UV detection: 208-400 nm.

Method 3 (LCMS)

Instrument: Waters Alliance 2790 LC; column: Symmetry C18, 50 mm x 2.1 mm,
3.5 pm; eluent A: water + 0.1% formic acid, eluent B: acetonitrile + 0.1% formic

25 acid; gradient: 0.0 min 5% B = 5.0 min 10% B 2 6.0 min 10% B; temperature:
50°C; flow rate: 1.0 ml/min; UV detection: 210 nm.

Method 4 (HPLC)

Instrument: HP 1100 with DAD; column: Kromasil RP-18, 60 mm x 2 mm, 3.5 um;
30 eluent: A=5ml of HC1O./] of H,0, B = ACN; gradient: 0 min 2% B, 0.5 min 2% B

4.5 min 90% B, 6.5 min 90% B, flow rate: 0.75 ml/min; temp.: 30°C; detection

UV 210 nm.



-37 Exanple 5 Methyl 4,6-diam no-2-[ 1-(2-fluorobenzyl)-1

H pyrazol o[ 3, 4- b] pyri di n-3-yl]-5pyrimdinyl carbanate F O H3C 5 30.5 g (87.0
mrol ) of =24 -

2-[1-(2-fl uorobenzyl)-1H pyrazol of 3, 4- b] pyzr4i din-3-yl]-4,5,6pyrimdinetriam
ne trihydrochl oride from Exanple 8A are dissolved in 30 ml of pyridine. The
resulting solution is cooled to OC. 8.22 g (87.0 nmol) of nethyl

chl orof ormate are added, and the mixture is stirred at OC for a further 2
hours. It is I.shhseaquepppe al lowed to warmto roomtenperature and is
stirred for aTurther I2Z nours. After concentration in vacuo, the residue

i s washed wi t iColamer Y@ gell; elent: bestoriaile/piater { gradichnflow raéf FCmechibytemp.:
stirring in 300 m of boiling diethyl ether. The precipitated product is
filtered of f v&%ﬁ;éﬁeqtioaﬂ‘é@goam-ed in vacuo. Yield: 32.6 g (92% of theory)
15 LOMS (Method 1 ): R-=2.61 min M5 (El): mz = 409 (MH) + ' H NVR (400
MHz, DMSO-d6): 8 = 3.61 (s, 3H), 5.80 (s, 2H), 6.19 (br. s, 4H), 7.087.16
(m 2H), 7.22 (t, 1 H, 7.28-7.39 (m 2H), 7.99 (br. s, 1 H, 8.60 (dd, 1
H, 9.05 (dd, 1 H. -38 Exanmple 6 Ethyl 4,6-diam no-2-[
1-(2-fluorobenzyl)-1 H pyrazol o[ 3, 4-b] pyridin-3-yl]-5

pyrimdinyl (methyl)carbamate F NI ~ N~ ~N/ N N ~NHZ HZN N-CHs O 5 CHs




ng (0.13 nmmol) of ethyl
4 6- d| am no- 2-[ 1- (2-fl uorobenzyl) - 1H pyrazol o[ 3, 4b] pyridin-3-yl]-5-pyrimdi
nyl carbamate from Exanple 3 are added to 541 of DWVF, the mixture is cool ed
to 0OC, and 7.67 nmg (0.19 mol ) of sodium hydride are added. 10 Then 18. 14
ng (0.13 mmol ) of iodonethane are added dropwi se, and the m xture is
stirred for onSth%.ur. The m'!x_ture is mxed with water and extracted wth
di chl or omet han&2E < organi ¢ phases are dried over nagnesium
sul phate and concentrated in a rotary evaporator. The residue is purified
first by colum chromatography (nobile phase: dichl oronethane/ nmethanol =
10:1 ) and t helxbmpl&lAreparati ve RP-HPLC. Yield: 32 ng (58% of theory)
LG M5 (Met hod 2.9 437 (MrH) + ~H NVR (200 MHz,
DVBO-d6): 8 = % é5(afmn%11+)& @WWIFWZO%%@QXMCW 2H), 20 5.79 (s,
2H), 6. 355(br s, 4H), 7.06-7.14 (m 2H), 7.16-7.28 (m 1 H), 7.28-7.32 (m
2H), 8.59 (dd, 1 H), 9.06 (dd, 1 H). -39 Exanple 7 |sopropyl
4, 6-di ami no-2-[ 1-(2-fluorobenzyl) pyrazol o[ 3, 4-b] pyridin-3-yl]-5
pyri m di nyl (et hyl )carbamate F N N =ENH2 HON NCHs " OO H C 3 CH3 5
Prepared in anal ogy to Exanple 6 N\ 5 nmg (0.17 mmol ) of i sopropyl
4,6-diamno 2-[ 1-(2-fluorobenzyl)-3

ng (0.26 mmol ) of sodi um hydride Q 24Ml ng (0.17 mmol) of 10 |odorret hane
The residue is purified by prepardt MPLC. Vi el d: 32 ng (41% of
theory) LCOMS (Method 1 ): Rt = 2.97 (El): mz 451(M+H)+' H NVR
(300 MHz, DMsO-d6): 8 = 1.09 (d, 6H), 3H), 4.80 (quin., 1 H, 15
5.79 (s, 2H), 6.31 (br. s, 4H), 7.05-7.16 H, 7.22 (t, 1 H, 7.28-7.40
(m 2H), 8.59 (dd, 1 H, 9.07 (dd, 1 H. amul H,

111.75 g (75 ml, 0.98 mol) of trifluoroacetic acid are added to 100 g (0.613 mol) of
sodium salt of ethyl cyanopyruvate (prepared in analogy to Borsche and Manteuffel,
10 Liebigs Ann. 1934, 512, 97) in 2.5 1 of dioxane under argon with efficient stirring at
room temperature, and the mixture is stirred for 10 minutes during which much of
the precursor dissolves. Then 85.93 g (0.613 mol) of 2-fluorobenzylhydrazine are
added, and the mixture is heated under reflux overnight. After cooling, the crystals of
sodium trifluoroacetate which have separated out are filtered off with suction and

15 washed with dioxane, and the solution is reacted further as it is.



Met hyl 4, 6-di am no- 2- [

1- (2-fluorobenzyl)-1H pyrazol o[ 3, 4-b] pyri din-3-yl]-520

pyrrmdrnyl(rrethyl)carbarrate -40 F N\ | 5., NN/ -N~NH HZN N~CH3 O 'O
.CH3 Prepared 'in anal ogy to Exanple 6 mnt% 310 ng (0.76 nmol ) of nethyl

4 6- di am no2-[ 1- (2-fl uorobenzyl)-1H pyrazol o[ 3, 4-b] pyri di n-3-yl]-5-pyrimdi

nyI carbamate fr grrpl e 5 27.32 ng ( 1.14 mmol) of sodium hydri de and
21 S.5 ng ( 1. é‘—&lﬂa—o i odonmet hane. The mi xture is worked up by adding

wat er and 2 nolggt Hﬂhg% g%hg L e g wth

di chl or onet hane he (a:ﬁlryor ne g a |EZ(ﬁ gg‘eﬁg‘? grz’reé%go\%ﬁah&rmgnesi um

sul phate and concentrated in a rotary evaporator. The residue is purified
by preparative RP-HPLC. 10 Yield: 93 ng (29% of theory) Larger anounts of
t he conpound of Exanple 8 can be p ed by the follow ng synthetic

met hod: 20.0 g (49.0 mol ) of net
4, 6-di am no-2-[1-(2-fl uorobenzyl) -
b] pyri di n-3-yl]-5-pyrimdinyl car bamat e
m of tetrahydrofuran and cooled to OC
in tetrahydrofuran) of lithiumbis(tri
over the course of 1 S mnutes. Af
(53.9 Mol ) of iodonethane are added.
allowed to warmto room 20 tenper alyL¢/ t reaction is stopped by
addi ng saturated aqueous amoni um chl ori de OQE%LS”' The phases are
separated. The aqueous phase is extracted gever CHy41 times with et hyl
acetate and di chl oronmet hane. The conbi ned organi ¢ phases are concentrated
in vacuo. SThe residue obtained in this way is suspended in a m xture of

{11 tered of 1 wib SSiitior GRAIAFE fodk EReripi A thovinad ot ohas Tl 0y e DS 1 @Mdlxed
for one hour. /étuﬁﬁetﬁytsamdaa%aﬁ hRd Bmuﬂrh s%tsfs ) 64k %@g@@g&%ﬁ%g@d gf

razol of 3, 415

om Exanpl e 5 are dissolved in 257
3.9 mM (49.0 mol of a 1M solution
Qyl'silyl)am de are added dropw se
irNing at 0OC for 20 mn, 6.9S ¢
one hour, the mxture is

filtered off. The red solid obtained In 'S sus
a m xture of draodhnéechmmﬂedrargmhcfoommrfme(soﬂvefht s therdevapbraterl inoiabud)Gind 2he

of nethanol are a ed C{ttrl a gl ear Séﬂ ution forns. Activated carbon is
added, and t heTFfdued} added tpdil oasatsr pad pyiragidl thiee tisiesavitbl | etathyl gretate each

kreselgu The 50l [ y 0 S The
10" susponsi on Spter i ebuRlca’ Bafhnle phief 48 gl RUAP ARG HPIRE e
for one hour. Iht@ceﬂh&tk&txcayamql@apdretofl(ljlireihad)gﬁfphyw ddtriedigdtionrn.s ¥ of sllical 4. 9

(7296of t heory G Ms éthhod 3)) R =1.85 mn M5 (EI): mz = 423 (M+H) +
15 " H NVR (200g ut1 )olu@eltolget@pletbgl, acgtaje —g_l5graé@pt. Jigld: 31_ 02 (@8.9%H) ,
7.05.7.17 (m 4 3H), 7.47-7.61 (m 2H), 7.59-7.97 (m 2H),
8.718.81 (m 1&@1’6& 9‘;7“% é”d‘,’ gié@'

Melting point 85°C

15 R¢ (SiO,, T1 E1): 0.83



- 42 Example 9 Isopropyl 4,6-diamno-2-[ 1-(2-fluorobenzyl)-1

H- pyrazol o[ 3, 4-b] pyridin-3-yl]-5 pyrindinyl (ethyl)carbamate F N\ ~N N~ NH2
HZN N~CH3 O '"OHC '"CH 3 3 Prepared in gﬁlogy to Exanple 6 with 60 ny
(0.14 muol) of i sopropyl 4, 6-di am no

2-[1-(2-fluorobenzyl)-1H pyrazol o[ 3, 4-b] pyri di n-3-yl ] -5-pyri m di nyl car bamat
e fromExanple 3, 4.95 ng (0.21 mmol ) of sodium hydride and 21.4 ng (0.17
mol ) of 10 i oBaamPls¥A To conplete the reaction, the same anount of sodium
hydride and io ane_ar ed onc in., The residue is purified by .
preparative Rp?ﬂmm&?%?‘)qg‘gpwﬁ%é -BipyRfinery aﬂ?ft’f/a%&( Method 1 ): R =
2.97 min M5 (El): mz = 465 (MtH)+ 15 ' HHNVR (200 MHz, DMBO-db): 8 =
0.96-1.06 (m 3H), 1.09 (d, 6H), 2.79-2.93 (m 2H), 4.82 (quin., 1H), 5.80

(s, 28, 6,25 (br. s, ), 7.01-7.14ckm 2H 7.15-7.50 (m 3H), 8.60 (dd,
1H), 9.09 (dd, 1H). WD 03/ 095451 - stent clai s

10.18 g (34 mmol) of the ester obtained in Example 2A are introduced into 150 ml of
methanol which has been saturated with ammonia at 0-10°C. The mixture is stirred at
room temperature for two days and then concentrated in vacuo.
R¢ (8102, T1 E1): 0.33

10

Example 4A
3-Cyano-1-(2-fluorobenzyl)-1H-pyrazolo[3,4-b]pyridine

15
36.1 g (133 mmol) of 1-(2-fluorobenzyl)-1H-pyrazolo[3,4-b]pyridine-3-carboxamide
from Example 3A are dissolved in 330 ml of THF, and 27 g (341 mmol) of pyridine
are added. Then, over the course of 10 minutes, 47.76 ml (71.66 g, 341 mmol) of
trifluoroacetic anhydride are added, during which the temperature rises to 40°C. The



1. Conpounds of the formula (1) R wWR25 N "NN(lI), FinwichR is

-NR3C(=O)OR4, 10 RZ is hydrogen or NHz, R3 is hydrogen or (C--C4)-alkyl,

R4

is (C--C6)-alkyl, 15 and salts, isoners ang hydrates thereof. 2. Conpounds
according to Caim1l1, 20 in which PCT/EP03704304 R is -NR3C(=0 OR4, -44
R " is hydrogen or NHz, R3 is (C-—-4)-alkyl, 5 R4 is (C--C4)-alkyl, and
salts, isonmers and hydrates thereof. 3. Conpounds according to Claim1l, 10
in which R | smixQRedf a@y@m,rogmgememglrwpye,might. It is then added to 11 of water and

10

15

extracted three times with 0.5 1 of ethyl acetate each time. The organic phase is
washed with saturated sodium bicarbonate solution and with 1N hydrochloric acid,
dried with magnesium sulphate and concentrated in a rotary evaporator.

Yield: 33.7 g (100% of theory)

Melting point: §1°C

R¢(SiO2, T1 E1): 0.74

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

H,c—O

30.37 g (562 mmol) of sodium methoxide are dissolved in 1.5 1 of methanol, and
36.45 g (144.5 mmol) of 3-cyano-1-(2-fluorobenzyl)-1H-pyrazolo[3,4-b]pyridine
(from Example 4A) are added. The mixture is stirred at room temperature for 2 hours

and the resulting solution is employed directly for the next stage.



R3 is nmethyl or ethyl, R4 is nmethyl, ethyl or isopropyl, 20 and salts,

i somers and hydrates thereof. 4. Conpound according to Caim1 having the
follow ng structure: nethyl 4,6-diam no-2-4{q51-(2-fluorobenzyl)-1

H-pyrazol o[ 3, 4-b] pyri di n-3-yl]-525 pyrim dinyl (et hyl ) carbanat e - 45 F
M /NN-~~~NH2 HZN N~\CH3 O 'O | CH3 and the salts, isomers and hydrates
thereof. 5. Process for the preparation of conpounds of the formula (I) as
defined in C aEXample®Aracterized in that either [ A] conmpounds of the

formila (1a) R Qpr{dbBindyB- 1H-py bR AP ridine G-t d¥hifine  ~ 4

F

N N\N
0\ /A
— N/
\
NH H

5 The solution of methyl (2-fluorobenzyl)-1H-pyrazolo[3,4-b]pyridine-3-carboximidate
in methanol obtained from Example 5A is mixed with 33.76 g (32.19 ml, 562 mmol)
of glacial acetic acid and 9.28 g (173 mmol) of ammonium chloride and stirred under
reflux overnight. The solvent is evaporated in vacuo, the residue is thoroughly
triturated with acetone, and the precipitated solid is filtered off with suction. It is

10 added to 2 1 of water, 31.8 g of sodium carbonate are added while stirring, the
mixture is extracted three times with a total of 1 1 of ethyl acetate, and the organic
phase is dried with magnesium sulphate and evaporated in vacuo.

Yield 27.5 g (76.4% of theory over two stages)
m.p.: 86°C
15 R¢ (SiO,, T1 EtOH1): 0.08

Example 7A
2-[1-(2-Fluorobenzyl)-1H-pyrazolo[3,4-b]pyridin-3-yl]-5-[(E)phenyldiazenyl]-4,6-

pyrimidinediamine



R4 is as defined in Claiml, are reacted with conpounds of the fornula (I11)
R3-X~ (u)~ in which R3 is as defined in Claim1, 10 and X is a |eaving
group, or 15 [B] the conpound of the formHga (I11) HZN HZN NH2 - \ ~N N N
"N N (ul)~ F 20 is reacted with conpounds of the formula (IV) OC"' _OR4
(I'V), in which -47 R4 is as defined in aim1l, or [C] the conmpound of
the formula (V) NH H2N (V)

387 g of sodium methanolate and then 122 g (71.7 mmol) of
phenylazomalononitrile (L. F. Cavalieri, J. F. Tanker, A. Bendich, J. Am. Chem.
5 Soc., 1949, 71, 533) are added to a stirred solution of 21.92 g (71.7 mmol) of 1-(2-
fluorobenzyl)-1H-pyrazolo[3,4-b]pyridine-3-carboxamidine in N,N-dimethylform-
amide from Example 6A. The mixture is stirred at 110°C overnight and allowed to
cool. The solid which precipitates is filtered off with suction and washed with

ethanol. Drying results in 23 g (73% of theory) of the target compound.



10 is reacted with conpounds of the formula (VI) O CN R O-N~O Na+ (VI), R
in which 15 R3 and R4 are as defined in Claiml, to give conpounds of the
formula (Ib) - 48 RRa O~O(lb), inyphich 5 R3 and Ra are as defined
in Cdaiml. 6. Conpounds of the formula (1) as defined in daim1l for the
treatnent of disorders. 10 7. Medicanent conprising at |east one conpound
of the fornula gl% ES defined in Caim1l, and at |east one further

exci pient. 8. t conprising at |east one conpound of the fornula

(1) as deflned t itrate
or /O donor - 1815 Rl ens Py PRI pbiiafa TS S RLAGRLAS,

formula (1) astrdgrﬂrcmhmmda Claiml in conbination with at | east one corrpound
whi ch inhibits the breakdown of cyclic guanosi ne nonophosphate (cGW). 20
10. Use of conpounds of the fornula (1) as defj in Claim 1 for producing
medi canents for the treatnent of cardi ovascul @

N
%
H,N NH,

5 g (11.38 mmol) of 2-[1-(2-fluorobenzyl)-1H-pyrazolo[3,4-b]pyridin-3-yl]-5-[(E)-
phenyldiazenyl]-4,6-pyrimidinediamine from Example 7A are hydrogenated with
800 mg of 50% Raney nickel in water in 60 ml of DMF under a pressure of 65 bar of
hydrogen at 62°C for 22 hours. The catalyst is filtered off with suction through
10 kieselguhr, and the solution is evaporated in vacuo and stirred with SN hydrochloric
acid. The yellowish brown precipitate which separates out is filtered off with suction
and dried. 3.1 g (59.3% of theory) of the targeted compound are obtained. The free
base is obtained by shaking with dilute sodium bicarbonate solution and extracted
with ethyl acetate. The solid insoluble in both phases is filtered off with suction. The

15 ethyl acetate phase also contains small amounts of the free base.

Example 9A
Methyl cyanomethyl(methyl)carbamate

0

J\ CH
Z N o~ ¢
N//\I

20 CH,



-49 11. Use of conpounds of the fornmula (1) as defined in Claim1l for
produci ng nedi canents for the treatnent of hypertension. 12. Use of
conmpounds of the fornula (1) as defined imfaim1l for producing 5

medi canents for the treatnment of thronboenbolic disorders and ischaem as.
13. Use of conpounds of the fornula (1) as defined in aim2l1 for producing
nmedi canents for the treatnment of sexual dysfunction, C’S‘gemally of erectile

dysfuncti on anBregired dpgnalogyiQia®. ki dd-dn&hion. Gejbame, Groper. di-Vy Lies, dny
of Clainms 10 t 36 of the fornula (1) as defined in Caim
1 are enployedﬁké %h%ﬁﬁggéﬁ%ga%ﬁpg% | east one organic nitrate or NO donor
or in conbination with at | east one conpound which inhibits the breakdown
of cyclic guan05|ne nonophosphate (cGW). . A .AL_. A& A9
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107.35 mg (0.31 mmol) of 2-[1-(2-fluorobenzyl)-1H-pyrazolo[3,4-b]pyridin-3-yl]-
4,5,6-pyrimidinetriamine trihydrochloride from Example 8A are added to 5 ml of
pyridine, and the mixture is cooled to 0°C. 33.25 mg (0.31 mmol) of ethyl
10 chloroformate are added, and the reaction is left to stir at RT overnight. The pyridine
is evaporated in vacuo in a rotary evaporator, and the residue is purified by
preparative RP-HPLC.
Yield: 56.2 mg (43% of theory)
LC/MS (Method 1): Ry = 2.66 min
15 MS (EI): m/z = 423 (M+H)"
'H-NMR (300 MHz, DMSO-dg): & = 1.17-1.33 (m, 3H), 3.97-4.14 (m, 2H), 5.80 (s,
2H), 6.14 (br. s, 4H), 7.07-7.17 (m, 2H), 7.22 (t, 1H). 7.29-7.40 (m, 2H), 7.97 (br. s,
1H), 8.60 (d, 1H), 9.07 (d, 1H).
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Prepared in analogy to Example 2 with 150 mg (0.43 mmol) of 2-[1-(2-
fluorobenzyl)-1H-pyrazolo[3,4-b]pyridin-3-yl}-4,5,6-pyrimidinetriamine
trihydrochloride from Example 8A, 7.5 ml of pyridine and 52.47 mg (0.43 mmol) of
isopropyl chloroformate. The residue is taken up in a dichloromethane/methanol
10 mixture, filtered and dried.

Yield: 165 mg (88% of theory)

LC/MS (Method 1): R; = 2.84 min

MS (EI): m/z = 437 (M+H)"

'H-NMR (300 MHz, DMSO-dg): & = 1.26 (d, 6H), 4.82 (quin., 1H), 5.92 (s, 2H),
15 7.07-7.20 (m, 2H), 7.25 (t, 1H). 7.31-7.43 (m, 2H), 7.47-7.57 (m, 1H), 8.16 (br. s,

1H), 8.74 (dd, 1H), 8.98 (dd, 1H).



10! 4Y, 109&' ()- @$m 109%h& ()-! @10%h& ()-"4 10%& ()-9L3109& ()-"#

#" #s#v##aBPB4, $1 10" 10%& ()-10%& ()-!'R , #10%\ & ()-s 109& () -

SO109& ()- 109& () - #######dEPB4, $1 10sY(10% () - s&

109%&' ()-f# 109& ()-M F10%& ()- & 109%& ()- s 109& ()- ####$! $| $} ~?PB4, $1
10s610%& ()-  410%& ()-2m 109&' ()- /MLO%& ()-!'CG) 10%)& ()-!!)

1098 () - | $~$$$3$$$$° >, $1 10! Y' ' 109%&' ()-! DOL0%& ()-!10%) q) & ()- 109%&' ()- 10
10 10109 () - SEssmedediE' >, $1 10! 940%& () - #@ 10%' () - @

10/ 1100 () 1 4R (o SO P alobed BRI B M papridnol-ove () -

, YOVREEEE) N2>, ByrithiHReatDamaE * 109K () - @s' 10%& () -

o)
H,C CH,
5 H,C
Prepared in analogy to Example 2 with 100 mg (0.29 mmol) of 2-[1-(2-
fluorobenzyl)-1H-pyrazolo[3,4-b]pyridin-3-yl]-4,5,6-pyrimidinetriamine
trihydrochloride from Example 8A, 5 ml of pyridine and 43 mg (0.29 mmol) of
10 neopentyl chlorocarbonate.

Yield: 54 mg (41% of theory)

LC/MS (Method 1): R;=3.10 min

MS (EI): m/z = 465 (M+H)"

'H-NMR (400 MHz, DMSO-dg): & = 0.95 (br. s, 9H), 3.74 (s, 2H), 5.79 (s, 2H), 6.10
15 (br. s, 4H), 7.08-7.17 (m, 2H), 7.22 (t, 1H), 7.29-7.39 (m, 2H), 8.00 (br. s, 1H), 8.60

(dd, 1H), 9.06 (dd, 1H).
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30.5 g (87.0 mmol) of 2-[1-(2-fluorobenzyl)-1H-pyrazolo[3,4-b]pyridin-3-yl]-4,5,6-
pyrimidinetriamine trihydrochloride from Example 8A are dissolved in 30 ml of
pyridine. The resulting solution is cooled to 0°C. 8.22 g (87.0 mmol) of methyl
chloroformate are added, and the mixture is stirred at 0°C for a further 2 hours. It is
10 subsequently allowed to warm to room temperature and is stirred for a further 12
hours. After concentration in vacuo, the residue is washed with water and dried.
Further purification is effected by stirring in 300 ml of boiling diethyl ether. The
precipitated product is filtered off with suction and dried in vacuo.
Yield: 32.6 g (92% of theory)
15 LC/MS (Method 1): R, =2.61 min
MS (EI): m/z = 409 (M+H)"
'"H-NMR (400 MHz, DMSO-dg): 8 = 3.61 (s, 3H), 5.80 (s, 2H), 6.19 (br. s, 4H), 7.08-
7.16 (m, 2H), 7.22 (t, 1H), 7.28-7.39 (m, 2H), 7.99 (br. s, 1H), 8.60 (dd, 1H), 9.05
(dd, 1H).
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54 mg (0.13 mmol) of ethyl 4,6-diamino-2-[1-(2-fluorobenzyl)-1H-pyrazolo[3,4-

b]pyridin-3-yl]-5-pyrimidinylcarbamate from Example 3 are added to 5 ml of DMF,

the mixture is cooled to 0°C, and 7.67 mg (0.19 mmol) of sodium hydride are added.
10 Then 18.14 mg (0.13 mmol) of iodomethane are added dropwise, and the mixture is

stirred for one hour. The mixture is mixed with water and extracted with

dichloromethane. The combined organic phases are dried over magnesium sulphate

and concentrated in a rotary evaporator. The residue is purified first by column

chromatography (mobile phase: dichloromethane/methanol = 10:1) and then by
15 preparative RP-HPLC.

Yield: 32 mg (58% of theory)

LC/MS (Method 2): Ry=2.91 min

MS (EI): m/z = 437 (M+H)"

'H-NMR (200 MHz, DMSO-dg): & = 1.08 (t, 3H), 2.99 (s, 3H), 2.93-4.11 (m, 2H),
20 5.79 (s, 2H), 6.35 (br. s, 4H), 7.06-7.14 (m, 2H), 7.16-7.28 (m, 1H), 7.28-7.32 (m,

2H), 8.59 (dd, 1H), 9.06 (dd, 1H).
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Prepared in analogy to Example 6 with 75 mg (0.17 mmol) of isopropyl 4,6-diamino-

2-[1-(2-fluorobenzyl)-1H-pyrazolo[3,4-b]pyridin-3-yl]-5-pyrimidinylcarbamate from

Example 3, 10.31 mg (0.26 mmol) of sodium hydride and 24.4 mg (0.17 mmol) of
10 iodomethane. The residue is purified by preparative RP-HPLC.

Yield: 32 mg (41% of theory)

LC/MS (Method 1): Ry = 2.97 min

MS (EI): nvz = 451 (M+H)"

'H-NMR (300 MHz, DMSO-d): 8 = 1.09 (d, 6H), 2.98 (s, 3H), 4.80 (quin., 1H),
15 5.79 (s, 2H), 6.31 (br. s, 4H), 7.05-7.16 (m, 2H), 7.22 (t, 1H), 7.28-7.40 (m, 2H),

8.59 (dd, 1H), 9.07 (dd, 1H).

Example 8
Methyl 4,6-diamino-2-[1-(2-fluorobenzyl)-1H-pyrazolo[3,4-b]pyridin-3-yl]-5-
20 pyrimidinyl(methyl)carbamate
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Prepared in analogy to Example 6 with 310 mg (0.76 mmol) of methyl 4,6-diamino-
2-[1-(2-fluorobenzyl)- 1 H-pyrazolo[3,4-b]pyridin-3-yl]-5-pyrimidinylcarbamate from
Example 5, 27.32 mg (1.14 mmol) of sodium hydride and 215.5 mg (1.52 mmol) of
iodomethane. The mixture is worked up by adding water and 2 molar potassium
hydroxide solution and extracting with dichloromethane. The combined organic
phases are dried with magnesium sulphate and concentrated in a rotary evaporator.
The residue is purified by preparative RP-HPLC.

Yield: 93 mg (29% of theory)

Larger amounts of the compound of Example 8 can be prepared by the following
synthetic method:

20.0 g (49.0 mmol) of methyl 4,6-diamino-2-[1-(2-fluorobenzyl)-1H-pyrazolo[3,4-
b]pyridin-3-yl]-5-pyrimidinylcarbamate from Example 5 are dissolved in 257 ml of
tetrahydrofuran and cooled to 0°C. 53.9 ml (49.0 mmol of a 1M solution in
tetrahydrofuran) of lithium bis(trimethylsilyl)amide are added dropwise over the
course of 15 minutes. After stirring at 0°C for 20 min, 6.95 g (53.9 mmol) of
iodomethane are added. After one hour, the mixture is allowed to warm to room
temperature, and the reaction is stopped by adding saturated aqueous ammonium

chloride solution. The phases are separated. The aqueous phase is extracted several
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in this way is suspended in 100 ml of a mixture of dioxane and dichloromethane (1:1)

and, while boiling, 20 ml of methanol are added until a clear solution forms.
Activated carbon is added, and the mixture is boiled briefly and filtered hot through
kieselguhr. The solution obtained in this way is evaporated to dryness. The
10 suspension after taking up in methanol is stirred at room temperature for one hour.
The white crystals are filtered off with suction.
Yield: 14.9 g (72% of theory)
LC/MS (Method 3): Ry = 1.85 min
MS (EI): m/z = 423 (M+H)"
15 'H-NMR (200 MHz, DMSO-dg): & = 3.01 (s, 3H), 3.57 (s, 3H), 5.92 (s, 2H),
7.05.7.17 (m, 2H), 7.18-7.46 (m, 3H), 7.47-7.61 (m, 2H), 7.59-7.97 (m, 2H), 8.71-
8.81 (m, 1H), 8.97 (dd, 1H).
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Prepared in analogy to Example 6 with 60 mg (0.14 mmol) of isopropyl 4,6-diamino-
2-[1-(2-fluorobenzyl)-1H-pyrazolo[3,4-b]pyridin-3-yl}-5-pyrimidinylcarbamate from
Example 3, 4.95 mg (0.21 mmol) of sodium hydride and 21.4 mg (0.17 mmol) of
10 iodoethane. To complete the reaction, the same amount of sodium hydride and
iodoethane are added once again. The residue is purified by preparative RP-HPLC.
Yield: 43 mg (67% of theory)
LC/MS (Method 1): Ry =2.97 min
MS (EI): m/z = 465 (M+H)"
15 'H-NMR (200 MHz, DMSO-dg): & = 0.96-1.06 (m, 3H), 1.09 (d, 6H), 2.79-2.93 (m,
2H), 4.82 (quin., 1H), 5.80 (s, 2H), 6.25 (br. s, 4H), 7.01-7.14 (m, 2H), 7.15-7.50 (m,
3H), 8.60 (dd, 1H), 9.09 (dd, 1H).
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l. Compounds of the formula (I)
R H,
. —
R \ /
N

S

'O
N N
N .
5 F
in which

R!  is-NR’C(=0)OR’,
10 R? is hydrogen or NH;,
R’ is hydrogen or (C;-Cy)-alkyl,

R*  is(C;-Ce)-alkyl,

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

R'  is-NR’C(=0)OR?,
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10
in which
R!  is-NR’C(=0)OR*,
15 R*  isNH,,
R’ is methyl or ethyl,
_ R* is methyl, ethyl or isopropyl,
20

and salts, isomers and hydrates thereof.

4, Compound according to Claim 1 having the following structure:
methyl 4,6-diamino-2-[1-(2-fluorobenzyl)-1H-pyrazolo[3,4-b]pyridin-3-yl]-5-
25 pyrimidinyl(methyl)carbamate
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and the salts, isomers and hydrates thereof.

5. Process for the preparation of compounds of the formula (I) as defined in

5 Claim 1, characterized in that either

[A] compounds of the formula (Ia)
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10 in which



L 10%r& ()-+3XYZ[ {naT301 10% !t & ()-10t!t10t!t10t!t LY7#10%!t& ()-!
TH#10%<& ()- [ +#10% 1t & ()- & 10% !t& ()-jzY7aT301l !10% & ()-M
0109 & ()-M " 109 ()-M 10%66& ()-MF - 10841t& ()- Z10%!t& ()-V7|[9aT301
118 - 10% FtF& ()- (10%!t& ()- &@10% !t & ()- 3% 10% !t& ()- #-
10% 1t & ()- 10% t& ()- |v5v | [NA401 10t!t10t!t10t!t dL7#10% !t& ()-
5GLO% !t & ()- 2 1094t & ( y#10% 11 & ()- & - 10% !t& ()-|[:NA4OL1 10
s#10%! & ()- 3, Z109BE #&‘S(df de‘gﬂezlllsc@ﬁﬂ( J- S109ME ()-  s10%& () -
S1090ve! M&' () - 241 {Z9, 410e! $ s1#10%! & ()- s1#10%! & ()-°

L *#10%ve! M& ()- ~ *#10%! & ()-!S#109%bBMe& ()- s#10%! & () - eebAdl0e! $
SZHIOMR! & () - sz#1réaktdd)witlDedtPSonas 68¢he)forrmP(HHLOVR! & () - z

s10% R : & ()-10e! 10e! t S210 f- 10% !t & ()- sYL0% !t& ()-

10% !t & ()-10R - 10R 10R!  z#109R! & ()-M z#10%& () - M#(. 6BKzX6t S210 ! PY
109! P! & g) ')y 109 1& ()- a0y 10% & ()g3 40Yy10% & ()- !PY 109%K& ()-
s 10%!t& ()-KO?zY8tS210 ! ) ’

in which

R® s as defined in Claim 1,
10 and

X! is a leaving group,

or

15
[B] the compound of the formula (III)

20 is reacted with compounds of the formula (IV)

o)

CI)J\OR4 av),

in which
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10 is reacted with compounds of the formula (VI)
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in which
15 R’andR®  are as defined in Claim 1,

to give compounds of the formula (Ib)
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6. Compounds of the formula (I) as defined in Claim 1 for the treatment of
disorders.
10 7. Medicament comprising at least one compound of the formula (I) as defined

in Claim 1, and at least one further excipient.

8. Medicament comprising at least one compound of the formula (I) as defined

in Claim 1 in combination with at least one organic nitrate or NO donor.

15
9. Medicament comprising at least one compound of the formula (I) as defined
in Claim 1 in combination with at least one compound which inhibits the
breakdown of cyclic guanosine monophosphate (cGMP).
20 10.  Use of compounds of the formula (I) as defined in Claim 1 for producing

medicaments for the treatment of cardiovascular disorders.
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11.

12.

13.

14.

- 49 .

Use of compounds of the formula (I) as defined in Claim 1 for producing

medicaments for the treatment of hypertension.

Use of compounds of the formula (I) as defined in Claim 1 for producing

medicaments for the treatment of thromboembolic disorders and ischaemias.

Use of cdmpounds of the formula (I) as defined in Claim 1 for producing
medicaments for the treatment of sexual dysfunction, especially of erectile

dysfunction and of female sexual dysfunction.

Use according to any of Claims 10 to 13, where compounds of the formula (I)
as defined in Claim 1 are employed in combination with at least one organic
nitrate or NO donor or in combination with at least one compound which

inhibits the breakdown of cyclic guanosine monophosphate (cGMP).



