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. fPhe present invention relates to conpounds which stinulate sol uble

* guanylate 5 - cyclase, to the preparation thereof and to the use thereof
as nedi canments, in particular as nmedi caments for the treatnent of*
cardi ovascul ar di sorders and/or sexual n'g(/]éfunction. One of the nost
I mportant cellular transm ssion systens in manmalian cells is cyclic 10 ™=
guanosi ne nonophosphate (cGW). Together with nitric oxide (NO, which is
rel eased fr ofaarheamatecsuhistituted psrarolopeymidinéss hor nonal and nechani cal
signals, it fornms the NO cGW system GCuanyl ate cycl ases catal yse the
bi osynthesis of cGW from guanosi ne triphosphate (GIP). The
representatives of this famly disclosed to date can be divided both
according to structural features and according to the type of 15 |igands
into two grolihs:preseat pavention| @lsesg U tphpoBndsy WHGE StMRIED sﬁﬁl@]eb?ua ylate
sti mul aé‘ed“ by natriuretic peptides, and the sol ubl e guanyl ate ycl? ases
whi ch can beC¥dasaulattbe BIgparpion thrseafohnbite haawse! teesofyasl amdianens| s Of
two subunits e .0babl cont ai.n one. haem per. heterodi mer, which
is part of tR%Hggéru%%?’gélga?ﬂ%for'ltﬁ%ErFaa‘meB‘r of ‘?I‘SP"?SEBW fisprderpaneionsexual or
t he mechani s@ys@incéighi vation. NOis able to bind to the iron 20 atom of
haem and thus markedly increase the activity of the enzynme. Haemfree
preparations cannot, by contrast, be stinulated by NO COis also able to

attach to th§ c?ntral iron atom of haem but the stinmulation by COis
distinctly |¢€8&° ﬂlg,{nqsﬁgpp%ant cellular transmission systems in mammalian cells is cyclic

10 guanosine monophosphate (cGMP). Together with nitric oxide (NO), which is

released from the endothelium and transmits hormonal and mechanical signals, it
forms the NO/cGMP system. Guanylate cyclases catalyse the biosynthesis of cGMP
from guanosine triphosphate (GTP). The representatives of this family disclosed to
date can be divided both according to structural features and according to the tyiac of
15 ligands into two groups: the particulate guanylate cyclases which can be stimulated
by natriuretic peptides, and the soluble guanylate cyclases which can be stimulated by
NO. The soluble guanylate cyclases 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 regul‘ation, resulting tﬁerefrom, of
phosphodiesterases, ion cha_ﬁncls 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

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

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



-
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NO. 25 Throuds A Be OBP-Ferrign ¢ounifescGVWP and the regul ation, resulting
therefrom of phosphodi esterases, ion channels and protein kinases,
guanyl ate cyclase plays a crucial part in various physiol ogical process,
in particular in the relaxation and proldferation of snooth nuscle
cells, in platelet aggregation and adhesion and in neuronal signal
transm ssion, and in disorders caused by an inpairnent of the 30
aforenentionegﬁﬁrocesses. Under pat hophysi ol ogi cal conditions, the

NO cGWP  sysPéffithayacH¥atqn piegeasad Whr npselifesatibrt, orendothelpdl e dysfuhitpn,

bl ood pressu 6 - For el countri - | at el.et actjvation
i ncr eased ceFﬁﬁll-ozli‘F%@rs %l f"? r%mcé?\qsg@ﬁﬂg#ﬁfélﬁ’giﬁmﬂfpggﬁnétf‘?k&n?““al dysfunction
at her oscl er osndmyac@diabinpgéts.i S, heart failure, thronboses, stroke,

-sexual dysfunction and myocardial infarction. 5 A possible way of

treating such disorders which is independent of NO and ai ns at

I nfl uengi ng the c! signal pathway. in organisns is a prom sing approach
because§ of %\h%osﬁ’i wvay ?’PHF S'ﬁcﬂ‘?‘ﬁgxﬂéi”ﬂéc%fsﬂé‘é@@“ﬂmt&f NPandmime at
expect ed. CoippRERdSe tHRUCMPS; \ L s whose effect is based on
NO have to date been 10 ex?f%?@éh&aﬁg}eélag%glr%mtsHsegtpﬁ%P’e?B‘aﬁplpﬁoa'gFi feAYSE i on
of sol ubl e gofihy higheeffigiehasand B side affeoduineh % hbeeORtRIgSi on and

activates sol ubl e guanyl ate cyclase by attaching to the central iron
atom of haem Besides the side effects, the devel opnent of tolerance is

_ one of the CCHI%'pgilJnd%! ?u%gvag %trga%lecsni r];teg,hxlvl?osrer%?fecc_t% b%ge%ac}nnﬁgtﬁavc to date been

10 exclusively used for the therapeutic stimulation of soluble guanylate cyclase. NO is
produced by bioconversion and activates soluble guanylate cyclase by attaching to
the central iron atom of haem. Besides the side effects, the development of tolerance

is one of the crucial disadvantages of this mode of treatment.

15 Some substances which directly stimulate guanyiate cyclase, i.e. without previous
release of NO, have been described in recent years, such as, for example,
3-(5"-hydroxymethyl-2’-furyl)-1-benzylindazole (YC-1, Wu et al., Blood 84 (1994),
4226; Miilsch et al., Brit. J. Pharmacol. 120 (1997), 681), fatty acids (Goldberg et al,
J. Biol. Chem. 252 (1977}, 1279), diphenyliodonium hexaﬂulorophosphate (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



15 Some substlans &6 09 Rdreigh cegithiys Sti mul at e guanyl ate cycl ase, i.e.

wi t hout previous release of NO have been described in recent years,
such as, for exanple, 3-(5'-hydroxynethyl-2'-furyl)-1-benzylindazole
(YC1, Wi et al., Blood 84 (1994), 4226;_ Mulsch et al., Brit. J.
Pharmacol . 120 (1997), 681), fatty aci ds'%GoI dberg et al, J. Biol. Chem
252 (1977), 1279), diphenyli odoni um hexafl uorophosphate (Petti bone 20 et
al., Eur. J. Pharmacol. 116 (1985), 307), isoliquiritigenin (Yu et al.,
Brit. J. Phamnwsol propgdief 1985) as, 1567 exansleV ahéip UsehaviBat | ihUtd lﬂélr ag\%he
derivatives SV\D 98/.16223). In addition, 98/ 16507, WD 98/ 23619,

00/ 06567, WOPOBTHE8EES!C Bebavipyn Begaibenresnmse Glains thaly DRAUTRIAhWAD.

02/ 42300, WD 02142301, WD 02142302, WD 02/092596 and WD 03/ 004503
descri be pyrazol opyridine derivatives as stinulators of soluble

guanyl ate cy@l asss wWesfordeskd | | Rfrethel § et fleRtiof -

pyrazol opyri di nes having a pyr?ﬁ‘l&éi g rugaegi fgg%én?ngrg)ggtll?r?oﬁ) f“’&é‘ﬁpéﬁfﬁ'& of
this type havezelepyridineerivativistwhiclatt asistiyhuldtors @ abluble duanyisteBybiat i
sol ubl e guan\y}l at elga% | ase., 30 However, it has energed that theseé
conmpounds haV® " \%‘éﬁé‘%?&é%"‘i‘g‘i’s’r@%’é@ abeyfe, efithe compoynds roontbe poorirg_n
countries 3 in vivo properties such as, for exanple, their behaviour in
the liver, their pharmacoki netic behaviour, their dose-response relation
or their met abildbgecpaldshieyed b teaomipdeidRESdlMA0 BREL oPthel LR SHAL
invention to provide further 5 pyrazol opyridiie derivatives Whi ch act as
stinul at ors B Skstiof @yraalepyridine derivatises tsudistinguished by having in position 3 a

10 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

- pyrimudine ring.

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

15
1
R H,
2
R \ /
—
N/ \ y,
N N
N
(D,
F
in which
R'  is-NR’C(=0)OR*,
20

R® 18 hydrogen or NH,,

R’ is hydrogen or (C,-Cy)-atkyl,



do not have e db odVrmdiagesuntd@l ai | ed above, of the conpounds fromthe
prior art. This object is achieved by the conpounds according to Caim1l

of the invention. This new class of pyrazol opyridine derivatives is

di stingui shed by having in position 3 a 10 pyrim di ne residue which has a
particul ar subsitution pattern, nanely a Carbamate residue in position 5
of the pyrimdine ring, and an am no group in position 4 of the
pyrimdine ri ng. The present invention specifically relates to conpounds
of the fornmuRa (1)s @5-QH-alkylwhich R is -NR3C(=O)OR4, R2 is hydrogen or
N} 12, R3 is hydrogen or (G -C4)-alkyl, Le A J6 099-Foreign countries -4
R4 is (Cl-C6)-al kyl, and salts, isonmers and hydrates thereof. 5

Pr ef i i - t f I ) inwhich R i
T L S

5 Preference is given to compounds of the formula (I) in which

R'  is-NR’C(=0)OR?,

"R*  is hydrogen or NH,,

10 _
R’ is(Ci-Cy)-alkyl,
R is (C;-Cy)-alkyl,
15 and salts, 1somers and hydrates thereof.
Particular preference is given to co.mpounds of the formula (I) in which
R'  is-NR’C(=0)OR?,
20

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

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



R3 |S (CI-CAieglﬁyég;gg%il gﬁl-C4) alkyl, 15 and salts, isonmers and
hydrates the erence is givento conpounds of the
formula (1) in which R is -NR3C(=OOR4, 20 R2 is NH2, R3 is nethyl or
ethyl, 25 R4 is nethyl, ethyl or isopropyl, and salts, i somers and
hydrat es thereof. Especial preference is5given to the conpound

nmet hyl -4, 6-di am no-2-[1-(2- 30

fl uorobenzyl) - 1H pyrazol of 3, 4- b] pyri di n- 3-yl 1-5- pyri m di nyl (et hyl ) car bam
ate from Exanple 8: Le A 36 099-Foreign copgntries 5 0 CHs The conpounds
according to the invention. of the forrmula (\) may also be in the form of
their salts. Mention may generally be nade hg pof salts wth organic or

i norgani c bases 5 or acids. Physiol ogically ppt abl e salts are

preferred for the purposes of the presen' on.
e
P/,
———
OO

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 preférred examples are salts with hydrochloric acid,
hydrobromic acid, sulphuric acid, phosphoric acid, methanesulphonic acid,
ethanesulphonic acid, p-toluenesulphonic acid, benzenesulphonic acid, naphthaline-
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 tdethylamine, di- or triethanolamine, dicyclohexylamine,

dimethylaminoethanol, arginine, lysine or ethylenediamine.



Physi ol ogi callleyA 36 @8ptFadign s@lnscsof t he conmpounds according to the

invention may be salts of the substances according to the invention with

m neral acids, carboxylic acids 10 or sul phonic acids. Particularly

preferred exanples are salts with hydroch)oric acid, hydrobromc acid,

sul phuric acid, phosphoric acid, nethanesul phonic acid, ethanesul phonic

aci d, p-toluenesul phonic acid, benzenesul phonic acid, naphthaline-

di sul phoni ¢ acid, aeetic acid, propionic acid, lactic acid, tartaric

acid, citricTheicgmpofindsaadcording th theainsemicacindy @kisbeMZAit6masd GrdR. This is

Phy5|olog|cagh% acqggtaﬂli salts may |ikew se be nmetal or ammonium salts

of the conpSURYR BE skirdpersen. apdthe inventionhikavdss engomphsseesuch flrmsy |

group. Particularly preferred exanples are sodium potassium nagnesium

or calciumsalts, and amonium salts derived from amonia or organic

amines such dhe compoendsraeterdindOtotthd YhRMiBE mdy furtBérnidrk Bk Y TG ortheir O

. triethapol am ne, dicycl ohexyl am ne, dinethylam noet hanol, arginine,

| ysine or et Byisehelydinene. Le A 36 499-Forel gp_countries -6 The conpounds

according to .the invention may exist in tautoneric fornms. This is known

to the skilled person, and the invention |ikew se enconpasses such forns.

The conpoundg|jag¢os i } i he re. be in the faorm
EUOLOR Sh0 oF rihfed MUSTE B 0 SO0 IS onBatedayi o

of their 5 possible hydrates. Al or
radi cal havi pgticdlsrhapretdrably 1 6 8, Garbad 26,8 Wayloftathple and preferably methy!,

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] by reacting compounds of the formula (Ta)

4
)R
0,
=
HN NH,
H2N4€—_‘< N
N /
S
SOV,
\N N
(Ia),
F
tn which

20

rR? 1$ as defined above,



particul arl y kL8098t Epraign gomtriesar bon at ons, by way of exanpl e and
preferably nmethyl, ethyl, n-propyl, isopropyl, tert-butyl, n-pentyl and
n- hexyl. 10 Hal ogen is for the purposes of the invention fluorine,
chlorine, bronmine and iodine The present_snvention also relates to a
process for preparing the conpounds according to the invention of the
formula (1). These can be prepared 15 [A] by reacting conpounds of the
formula (la) in which 20 R4 is_ as defined above, Le A 36 099-Foreign
countries 7 with COHpTRRAUNGS of the fermula(IR (11) R3-X (I1), 5 in which R3
is as defined above, and X1 is a |eaving group such as, for exanple,

hal ogen, preferably iodine, or 10 nesylate, where appropriate in an
organi ¢ solvent with cooling to give conmpéypdgpof the fornula (1),

5 - in which
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 (1),

15 or

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

HN  NH,
N /)
—
N/ \_
"N N |
(1D},
F

20

with compounds of the formula (IV)



15 or [B] by LeAdt Wy -Fdheigaeopausd of the fornmula (111) H2ZN 20 with
conpounds of the fornmula (1V) Le A 36 @9-Fore ountrie-. -8 d.'-~ OR4
(1" ), 5 10 in which R4 is as defined above, where appropriate in an
organi ¢ solvent to give conpounds of the _fornula (la), or [C] by
reacting the conmpound of the formula (V)‘RIH (V) 15 with conpounds of the
formula (VI) Na (Vl),

O

Ct)J\on“ (Iv),

in which

R* is as defined above,

5
where appropriate in an organic solvent to give compounds of the
formula (Ia),
_ or
10
[C] by reacting the compound of the formula V)
NH
H,N
T
N{ \ 2
N N
(V)
F
15 with compounds of the formuia (VI)
O N
4 - +
H\O)LNL/O Na
| (VD),

3
R

in which

20 R? and R* are as defined above,



in which 20 R3 A0d0PY-rargcsod@idsned above, Le A 36 099-Foreign countries
9 where appropriate in an organic solvent wth heating to give conpounds
of the formula (Ib) 5to Nin which R3 and R4 are as defined above. The
conpounds of the formulae (I11) and (1V) are comercially avail abl e or
known fromthe literature or can be prepared in a manner known to the
skill ed person. The conpound of the fornmula (11l) can be prepared as
shown in the following reaction scheme: NH (V) (M) Le A 36

099- For ei gn count mhes agfofdtmpaunn ofdahiy sélsernbiith hadtng tongide EYRP&IRIE & f

synthesis by reacting conpound th
y ! y tl'lle onnulg%bljl (V) w

H‘

/
pe
R— H,

‘}q /

—
N/ \ s,

\N N

| (Ib),

F

)
N

in which
5
R? and R* are as defined above.
The compounds of the formulae (II) and (IV) are commercially available or known
from the literature or can be prepared in a manner known to the skilled person.
10

‘The compound of the formula (II) can be prepared as shown in the following

reaction scheme:

N N N
N N —_— . N NH, T | %
P A H,N
— N 2 /,N =N
\ N N
NH H )\%\NHz
© N N,

i



conpound (VI t | conmpound. (VII1) in accordance with process step
;[C?pand gubgéé%ggﬁﬁ%gﬁ§@£§ﬁ%ﬁg¥éng conpound (VI11) with agueous Raney
ni ckel . The hydrogenation can be carried out in an organic solvent, for
exanpl e di methyl formam de, _preferably under el evated pressure, for
exanpl e under 50 to 70 bar, preferably-uader 65 bar, stirring the
reaction solution for several hours, for exanple for 22 hours, at

el evated tenperature, for exanple at 40 to 80C, preferably gt 60C TQ
65C. 10 The I red in anal o to L. F. valjeri,
3. F. Tanker COMROUIEALYLS SorRIbIE PRERSLES siitndidy W Hhepinicsmpopnd Ny un
can be pe wd 100yive icBmpbend i Ech@aidel 9fih STHLEE:

E\I\/l)a Sal t) 12 cgﬁdeSH H (aﬁl)ls-l c%mnpgu?l]g (V) Piwggobt aicnabl ein 3’ m%f‘gﬁ%g%d
synt hesi s fr ghsequentpdhydrogeabtingfcoetpoyhd GiiHMOwith Lagateys Wahey riickek NTHE
fromthe liter ture.SBorsch% and Manteuffel, Liebigs.

Eycﬁ'ogenatl n can Dbe cammed out in an organic solvent, for example

5 dimethylformamide, preferably under elevated pressure, for example under 50 to 70
bar, preferably under 65 bar, stirring the reaction solution for several hours, for
example for 22 hours, at elevated temperature, for example at 40 to 80°C, preferably

at 60°C to 65°C.

10 The compound (VH) can be prepared in analogy to L. F. Cavalier, J. F. Tanker,
A. Bendich, J. Am. Chem. Soc., 1949, 71, 533.

The compound (V) can be prepared as shown in the following reaction scheme:

0 * HN— My
J HN -
LY
NH, O
(Na-Salt) 4 A
—_— ———
N N\N N N\N
7 N 7Ny
N \
O NH H

15

compound (V) is obtainable in a multistage synthesis from the sodium salt of ethyl
cyanopyruvate, which is known from the literature (Borsche and Manteuffel, Liebigs.

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



Ann. Chem 19 36029-Ferign RKameddson thereof with 2-fluorobenzyl hydrazine
while Le A 36 099- Forci gn countries -11 heating under a protective gas.
atmosphere in an inert solvent such as dioxane results in ethyl _

5-am no-1-(2-fl uorobenzyl) pyrazol e- 3-car_tig>§yl ate, which can be cyclized
by reaction w th dinethylam noacrolein i'n acidic nmediumunder a o
protective gas atnosphere and heating to give the correspondi ng pyridine
derivative. This pyridine 5 derivative, ethyl _

1- (2- f | uor obdnating)under pproteative[gas 4trdsphieredn an Inernsddvony ksadteas dibxareGRMast ed

by a nultistage seguence consisting of conversion of the ester wth
ammoni a i nt o"?F.‘BYﬁ%ﬁ%b‘ﬁ%%TWMIPWﬁwa@@mwwh@h dahpdcutlizag by

L f hC . jde to.give the correspondi ng
SO S, T bh A RS S OREL o S Ve 0B SREH T8 o ce
nal | . . = . _ c _ oy
‘?’Eg ]::l)naou%dg of ?ﬁg a}!‘\g?ﬂan{ajtl a (Oily%ﬁﬁésgﬁﬁ#gg*ﬁgﬁ E%#@?E’ogsgg’xéé%eto
the sk?fl| eddpéyasive, fetbyh t Mzﬁpmsgqﬁﬁlﬁgymgmtmp{ﬁnﬁsw%i@ﬁtw BBT
| f te. T b tes can be prepared in analogy to Q Li, D T.
?:H]y A °E:|”2i g%r#"r?g,gd b(iygra é”ﬁ“&ﬁﬁspﬁﬂ}le@ﬁﬁﬁong@epgﬁf fenyersepedf tho qstenosith -

3070- 3088. Regtdn®in®f th? QSHS%H?P“? i d d%ﬁfdr&%n%ftﬁ% d(:h\{aﬂrﬁtzr]ng?@%%%xch %s

gi ve conpounds of the or mu can’be carried out
reactants i ntréftperomkde aabpiidestoi givanhe @baadpordmg! Male 1dci1"?ﬁti@$%9§?:ltiﬁ% th
di met hyl formam de or tetrahydrofuran, preferably in the 20 presenc o
to 2 equi val Bitile degvattver wish yodium qtoxideamhimalbl remtton with ambeapins vklorids
for

10

1

into the compound (V).

The compounds of the formula (VI) can be synthesized by methods known to the

skilled person from the corresponding carbamates by reaction with ethyl formate. The

carbamates can be prepared in analogy to Q. Li, D.T. Chu, A. Claibomne,
15 C.S. Cooper, C.M. Lee, J. Med. Chem. 39 (1996) 3070-3088.

Reaction of the compounds of the formulae (la) and (II) 1o give compounds of the
formula (I) can be carried out by using the reactants in equimolar amounts in an
organic solvent, for example dimethylformamide or tetrahydrofuran, preferably in the

20 presence of 1 to 2 equivalents, preferably 1.1 to 1.5 equivalents, of a base such as, for
example, sodium hydride or sodium N,N-bistrimethylsilylamide, preferably under
atmospheric pressure and with stirring of the reaction solution for a few hours, for
example for 1 hour, with cooling, for example at -10°C to room temperature,
preferably at 0°C.

25
Reaction of the compounds of the formulae (1) and (IV) to give the compounds of
the formula (Ia) can be carried out by using the reactants in equimolar amounts in an
orgamc solvent, for example an organic base, preferably pyridine, preferably under
atmospheric pressure and with stirring of the reaction solution for several hours, for

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



xam | e, sodi . SR NN-bi st ri net hyl silyl am de, preferably
ﬁnggP atnnséﬁg}?gd%%ggg%?gzgﬁgﬂé}th stirring of the reaction solution
for a few hours, for exanple for | hour, with cooling, for exanple at
-l0C to roomtenperature, preferably at 0C. 25 Reaction of the conpounds
of the formulae (111) and (1V) to give th2-conpounds of the formula (la)
can be carried out by using the reactants in equinolar ampunts in an
organi ¢ solvent, for exanple an organic base, preferably pyridine,

preferably uREStionabMESHRRIAS JPriRS %Hﬁﬁ]@@‘{iv}!\"gp& l(gth“% ;gg\% %{m@(@%ﬁ%%?ﬁh%on

solution for several hours, for 30 exanple (

t enper at ur e, fgsmetaetiabpy oficompmmds efpler firmuine (V) aAdIFTHI82FRS @mpdtinds of
countries -1 act.i f cqnmpounds of the formulae (V) and (VI) to give
conmpounds of a‘teﬁgm“f]ﬁ? ca(‘ql?)caﬁ‘i‘e‘b?“t&ﬁd%mg refctantreinfeguimndlaeamivhnta ol

I V& | |) .can be carried out by
Usi ng ¢ her oaian o ecBpoubit e il B ) i) T st o Erasdisprativa of

~ the fordul a {uch) as, rfos leix@iblee s €5 hylfbc@BoR ' SRR & SMLEN, %&Hﬁbraﬁ], NS
exanpl e, in a hydrocarbon such as tol uene or xylene or in°N,
di met hy! f or néifcthyfopnamideaproferably He hee pesserceofof 223 eqtlmlvuahgpt;tﬁ%felrab]y

r ef er abl equi,val ents, of base such as, for exanple, triethylamne
(F;r sodi umy ne%ﬁ%lﬂ\ézflﬁqa%,oqlap?@f’éf’%b?ﬁl fon eAmple.isis Bwiamige oF é%@umematlhﬂn?lntehg
stirring of phgr Ghﬁé?rhtﬁg%f!%ﬁ@?)résgﬁre a%ﬂ\ﬁsilﬁ?lgti hOLéro%’ th WacBS BhuFon or
hours, at elevated tenperature, for exanple a E

several hours, for example for 9 hours, at elevated temperature, for example at 80-

10 160°C, preferably at 100-150°C, in particular at 110°C.

The compounds according to the invention of the formula (I) show a valuable range of

pharmacological effects which could not have been predicted.

15 The compounds according to the invention of the formula (D bring about
vasorelaxation and an inhibition of platelet aggregation and lead to a reduction in blood
pressure and an increase in coronary blood flow. These effects are mediated by direct
stimulation of soluble guanylate cyclase and an intracellular increase in cGMP. In
addition, the compounds according to the invention of the formula (I) enhance the

20 effect of substances which increase the CGMP level, such as, 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 disorders such as, for example, for the treatment of high blood pressuré and heart
failure, stable and unstable angina pectoris, peripheral and cardiac vascular disorders,
of arthythmias, for the treatment of thromboembolic disorders and ischaemias such as
myocardiai infarction, stroke, transient ischaemic attacks, disturbances of peripheral
blood flow, prevention of restenoses as after thrombolysis therapies, percutaneous
30 transluminal angioplasties (PTAs), percutaneous transluminal coronary angioplasties

(PTCAs), bypass and for the treatment of arteriosclerosis, asthmatic disorders and
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conpounds according to the invention of_t@e formula (1) bring about

vasorel axation and an inhibition of platelet aggregation and |lead to a
reduction in blood pressure and an increase in coronary blood flow
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| X, arachidonic acid or phenyl hydrazine derivatives. They can therefore

be enpl oyed in nmedi canents for the treatnent of cardiovascular 25
di sordeﬁs su for exanple, for the treatnent of high bl ood pressure
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flow, prevention of restenoses as after thronbolysis t
per cut aneous CSTFeRIalE, UeArmak canytrpryadter eogr(iftTAm)paipaemalianeinss occurring
troatment of MEPUERT B e BRSO el Batipes bisethomar an h a mgd cognitive
099- Fongi gn aApAihéRS agbdssociated leamning and memory impairments, age-associated
memory loss, vascular dementia, craniocerebral trauma, stroke, dementia occuring
after strokes (post stroke dementia), post-traumatic brain syndrome, general
concentration impairments, concentration impairments in children with learning and
memory problems, Alzheimer’s disease, Lewy body dementia, dementia with
15 degeneration of the frontal lobes including Pick’s syndrome, Parkinson’s disease,
progressive nuclear palsy, dementia with corticobasal degeneration, amyotrophic
lateral  sclerosis (ALS), Huntington's disease, multiple sclerosis, thalamic
degeneration, Creutzfeld-Jakob dementia, HIV dementia, schizophrenia with
dementia or Korsakoff’s psychosis. They are also suitable for the treatment of central
20 nervous system disorders such as states of anxiety, tension and depression, CNS-

related sexual dysfunctions and sleep disturbances, and for controlling pathological

disturbances of the intake of food, stimulants and addictive substances.

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

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
30 ischaemias and craniocerebral trauma. They can likewise be employed for controlling

states of pain.
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‘hypertrophy, erectile dysfunction, femal e sexual dysfunction,

ost eoporosi s, glaucoma, pulnonary hypertension, gastroparesis and

i ncontinence. 5 The conpounds accordi ng gﬁ the invention of the fornmula
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Merition may be made by way of example and preferably of: sodium nitroprusside,

nitroglycerine, isosorbide dinitrate, isosorbide mononitrate, molsidomine and SIN-1.

In addition, the present invention also encompasses the combination with one or more
15 compounds which inhibit breakdown of cyclic guanosine monophosphate (cGMP).
These are preferably inhibitors of phosphodiesterases I, 2 and 5; nomenclature of
Beavo and Reifsnyder (1990), TiPS 11 pp. 150 to 155. Particularly preferred in this
connection are inhibitors of phosphodiesterase 5 (PDE V inhibitors), especially one of
the compounds sildenafil (Viagra™, EP-A 0 463 756, WO 94/28902), vardenafil
20 (WO 99/24433) or tadalafi] (WO 95/19978). These inhibitors potentiate the effect of

the compounds according to the invention, and the desired pharmacological effect is

increased.



The conpoundz qgggggéggngg %ﬂﬁﬁ%gvention of the formula (1) are
furthernore controlling cerebral blood flow and

t hus represent effective agents for controlling mgraine. The conpounds
according to the invention of the fornula (I) are also suitable for the
prophyl axi s and control of the sequel ae-db-cerebral infarctions such as

stroke, cerebral 30 ischaem as and crani ocerebral trauma- They can
| i kewi se be enpl oyed for controlling states of pain. Le A 36

099- For ei .anm&HﬁEﬁliiﬁ$esﬁéﬂti%l& addition, the conpounds according to the
I nventi on of ave an anti- inflammatory effect and can
therefore be enployed as anti-inflanmatory agents. 5 Furthernore the
present invention also_enconpasses the conbination of at |east one
conpound acc daseralgxan effpet in Mijiont i on of the formula (1) with one or nore

organic nitrates or NO donors. Organic nitrates and NO donors for the
purposes of the invention are generally 10 substances which display

their ther apR}dbei?s £é Eﬁﬁﬁedéﬁ)aa EIf%lNEi@%ll?e ek Nﬂl@&e&paﬁcp%%ieﬁﬁnégﬁggg&%e%}{a be

made by way of exanple and ‘preferably of: sodiumnitropru
ni trogl yceri iseemiosed drebd dfadtiersnt tissue and dpddeulindaings ndninht wide, which aiediti ne
and SIN-I. In addition, the present invention also enconpasses the
conbi nati on WMEY YEr KRsipp AR > mborganBaiin 4entaming carbagemicassed Earhsdignsgpit
cyclic guanogipg Qs; e [ enPLEEETEB! ¥ol.nhi bitors of
phosphodi est eé as%wg alﬂga%;efoﬁlg\%log E&F’Sg‘ﬁg‘%ﬁ”ﬁ)- ﬁg&ﬁ ﬁe’ kd'%’%a 2R
2 H,O: 1; MgSO4 x 7 HyO: 1.4; KH,PO,: 1.2; NaHCO;5: 25; Glucose: 10. The force of
10 contraction 18 detected with Statham UC2 cells, amplified and digitized via A/D
converters {DAS-1802 HC, Keithley Instruments Munich) and recorded in parallel on
chart recorders. 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
15 the height of the 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 pul,

and the DMSO content in the bath solution corresponds to 0.1%.

20 The ICsp 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



Beavo and Remgpyglggg_(:gl%?@'zcoumlﬁg 11 pp. 150 to 155. Particularly
Ppreferred in I'S connectron are inhibitors of phosphodi esterase 5 (PDE

V inhibitors), especially one of the conpounds sildenafil (Viagra , EP-A
0 463 756, WD 94/28902), vardenafil 20 (WD 99/24433) or tadalafil (WO
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Nadl @ 119; Kgdutigh.8: Cad 2 x 2 H20: 1; MgSH x 7 H2O 1. 4; KH2POX4: 1. 2;
NaHCO3: 25; ducose: 10. The force of 10 contraction is detected with
Stathanm UC2 cells, anplified and digitized via AID converters (DAS-1802
HC, Keithley_lnstruments Minich) and recorded in parallel on chart
recorders. AFeorRfrhcidmypisiratigiondheat legt [Hpbstaniien g apshedissobyetr iimeat 6: lH@6dat h

cunul atively_j. n. i | cancentration. After .sever contrql cycles,

t he subst anc%lly?%lj‘)ﬂ%ét%?%lgg‘p ?{@3‘?5 Cf)gmi'ﬂ{?@szﬂdgﬁ{"é'ﬂisfet’ie‘gg%ﬁa‘f"lgFt‘?\éryq?‘Hﬂci n
i ncreasi ng despgf/kin each case, and 15 the height of the contraction is

conpared with the height of the contraction reached in

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

15 purpose removed from the cage each time, held firmly by the neck fur and the rear
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.

20 Impotence Res. 2001, 13, 146-148).

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).



the | ast pre e ntration necessary to reduce the height
~of the contrglng’]lg O Borel 0) is calculated fromthis. The standard
application volune is 5 Al, and the DMSO content in the bath sol ution
corresponds to 0.1% 20 The 1C50 for the conpound of Exanple 1 is 670 nM
and the corresponding value for the compdund of Exanple 8 is 500 nM
Rabbit nodel 25 Adult male chinchilla rabbits weighing 3-5 kg are adapted
to being kept singly for several days after delivery. They have free
access 10 WalRferfithisan draks Jiict Whira TG0 Bl s ane
kept in a 10/ I4-hour day/ nignt tnythnn ) 0 op ettt
room 't enper atdmeistsatidad- 24C. 30 Three to six animals are used |n each
treatment group and are weighed i medi ately before the start of the
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Wat er - sol ubl e substances are injected In 0 |un1ch oride

5 For oral abyrgavages Afteoadminfsaaties bf dibabsaanes brod igliakes fioad tHerundmals at

6:10: 9. 69 gbgé:q(jrol wat er ; paol yet hyl ene dgI }:col m xture and adm ni stered by

gavage in a es and 1s heparimized, and then plasma is obtained therefrom by
centrifugation. The substance is quantified analytically in the plasma by LC/MS/MS.

The plasma concentration/time courses found in this way are used to calculate the

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: Wasser
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 enzvmes

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 ICsg is calculated [Anal. Biochem. 248, 188 (1997)).
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par anet ers afemepartdwithvbnoesroh(bsdsahte aad 5iinhidit6eddnegntBiongubst ance to be
investigated is admnistered intravenously as solution to aninals 5
(e.g. mce, rats, dogs), and oral adm nistration takes place as solution

Or SUSPENnS! Ofhduction of cytochrome P450 enzymes in human liver cell cultures

10 To investigate 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 10 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 pM),
omeprazole (OME; 100 uM) and phenobarbital (PB; 2 mM), in duplicate
determination for 5 days. The final concentrations of the test substances are 0.0]-

20 10 pg/ml.

The inductive effect of the test substances on the cytochrome (CYP) P450 eniymes
1AZ, 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 teslt substances
1s found from the activities, measured in this way, of CYP1A2, 2B6, 2C19 and 3A4
enzymes of treated cells compared with untreated cells. Table | below shows the
results of the compound of Example 8 compared with the inducers RIF, PB and

OME:



by gavage. Afjteek 330 EosdibAbbHinQf the substance, blood is taken fromthe
‘ani mal s at m—%parl nized, and then plasma i s obtained
therefromby centrifugation. The substance is quantified analytically in
the plasma by LC/ M5/ MS. The plasma concentration/tine courses found in
this way are used to calculate the 10 pha®racoki netic paraneters by neans
of a validated pharnacokinetic conputer programe. After oral

adm nistration of 0.3 and 1.0 ng/kg (as solution in Sol utol: Et OH V\asser
1:1:8) to rafTablethe dadqeavedffadt JEXRVER IR

concentratlons (AUC): AUCstand (0.3 ng/ zﬁm’%h&é}’)ﬁ;&%&éﬁt &&bh ﬁ%&% IHBES
(1.0 ny/ kg) 0. 548 Pf(tgl*lﬁﬁll_l}atllomfobﬁi tla)(sr(staﬂdarmzen:)hrorre P450 enzynes 20 The
pot enti al for i nhibition of P-450 isoenzynes which are inportant for

met abolism is investigated automatically in a 96-vve|| forrrat. Two

different agsays are [used for (nhis. 25 hmthe assay-baset—pr—the
formati on off fl uorescldmncapiraiivnl|i CAP1ARdodYPEBE e CAPPEN9 [ €CYPIAYP| A2,
2C3, 209, 29T 2BE—at—SAd ittt S0~ s—contal ning
fluorescein jorceqtprar(iin pagtial |strygfuregs arg enpl oy I n| each,cask one
substrate dongentratlion and 8 doncentratfi ons of tlhe potentj al 5 9hi bj t or
are used. Aflter Hi.ncubatg(?nN)Mtr the partfi cul ar regconbrnant] CYP enzyne, a
fluorescencd reller i H n.d. 5.15 15.21 9.15
PB 2000 uM n.d. 14.69 4.00 6.70
OME 100 uM 28.57 1.54 1.61 1.45
Example 8 | 0.01 pg/ml 0.76 1.92 1.30 1.37
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 pug/m) 1.38 2.54 1.97 3.47
5 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

10 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

15 implant.

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

administration routes.
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t he hepatocytes are treated wth different concentrations of the test
subst ances, conparing with the inducers rifampicin (RIF, 50 M),
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det erm nati opn_f.or days. The final concentrations of the tes ubst ances
are 0. 01- Gntr%enéus, 11¥t§aarter1§l, intracardiac, intraspinal or mlrafumba?) or w;[th Smc usion
of an absorption (intramuscular, subcutaneous, intracutaneous, percutaneous, or
10 intraperitoneal). Administration forms suitable for parenteral administration are, inter

alia, preparations for injection and infusion in the form of solutions, suspensions,

emulsions, lyophilizates and sterile powders.

Suitable for the other routes of administration are, for example, pharmaceutical forms
15 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,
shaking mixtures), lipophilic suspensions, ointments, creams, milk, pastes, dusting

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

20
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
suitable excipients. These include, inter alia, carriers (for example microcrystalline
cellulose), solvents (for example liquid polyethylene glycols), emulsifiers (for
25 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
as 1ron 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

30 indicated above.
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I nducers RIF, PB anl(ﬁf OVE@ Le A 35 r(1)189- Forgﬁeﬁfogrgtggwgéﬂ%mb&fg’tﬁsgﬁﬂn the

| nduct i ve ef PB¥Mageptichl preparalignsi detailedi abiové d@rs ai conbemmnioh e aiboay®.¢ t6Wor es

ao]:)tngrenlt P g? Pgtﬁiﬁ?%?&gr&@%ﬁ%@@ﬁé%@%&%ﬁ%ﬁ%@m!@%vm. 0 RIF50

AMh. d. 5. 1515. 219. 15 PB2000 AMnh. d. 14. 694. 006. 70 OVE 100 JI M 28.57 1.54

5 The pharmaceutical preparations detailed above may, apart from the compound

‘according to the invention of the formula (I} also contain other active pharmaceutical

ingredients.

It has génerally proved to be advantageous both in human and in veterinary medicine
10 to administer the active ingredient according to the invention in total amounts of
about 0.001 to about 50, preferably 0.001 to 10, mg/kg of body weight every
24 hours, where appropriate in the form of a plurality of single doses, to achieve the
desired results. A single dose contains the active ingredient according to the
invention preferably in amounts of about 0.001 to about 30, in particular 0.001 to 3,

15 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
percentages by weight. Solvent ratios, dilution ratios and concentration data for

20 liquid/liquid solutions relate in each case to volume.



1.61 1.45 Exdep 86 899-Fordig cdudtrisl. 921. 301. 37 0.1 g/ nl 0. 701. 621. 301. 60
1.0 u g/ 0.901.851.121.51 10 g/m 1.382.541.973.47 5 n.d. = not

determ ned The present
conprise at
together with one or
carriers,

| east one

invention further relates to nedi canents which
conmpound according to the invention, preferably
more pharmacol ogi C ¢

and to the use thereof for the 10 aforenentioned purposes. The

'y accept abl e exci pients or

active ingredient may have system c and/or |ocal effects. For this

pur pose,

oral, parenteral
t ransder mal ,

reviati

inistered in a suitable way such as, for exanple,
pul nonary,
conjunctival, topical or as

nasal , sublingual, |ingual, buccal, rectal
15 inplant. The active

i ngredi ent cagppNpe adm nia%{:liﬁglglei n adm nistration forns suitable for these

adm ni stration routes.

Le

099-Foreig 1 countries -20 Suitable for

oral admi ni sBABRAON ar e kb agdite/iiidrrl i Ridial Qs \A&hﬁﬁnogﬁiaie\/%gwe
or

active ingredient
tabl ets

exanpl e,

conc.
D(1
DCM
DIEA
DMSO
DMF
EA

EI

ESI

HPLC
LC-MS

MCPBA
m.p.

MS

Ry
RP-HPLC
RT

sat.
THF
TLC

r api dl

%and/or in a nodi fied manner, such as,
pH 6 (50:9:25.15; org. phase)

concentrated

direct chemical ionization (in MS)
dichloromethane
N,N-diisopropylethylamine

dimethyl sulphoxide
N,N-dimethylformamide

ethyl acetate

electron impact ionization (in MS)
electrospray ionization (in MS)

hour

high pressure, high performance liquid chromatography
coupled liquid chromatography/mass spectroscopy
lithium diisopropylamide
m-chloroperoxybenzoic acid

melting point

mass spectroscopy

nuclear magnetic resonance spectroscopy
retention index (in TLC)

reverse phase HPLC

room temperature

retention time (in HPLC)

saturated

tetrahydrofuran

thin layer chromatography



(uncoat ed angeqpa¢ a9h Fakl &t Sungid- tablets provided with enteric coatings
or film coated tablets), capsules, sugar-coated tablets, granules,
pel l ets, powders, enulsions, 5 suspensions, solutions and aerosols.
Parenteral adm nistration can take place with avoi dance of an absorption
step (intravenous, intraarterial, intraéardiac, intraspinal or
intralunbar) or with inclusion of an absorptlon (i ntramuscul ar,

subcut aneous, i ntracutaneous, percutaneous, or 10 intraperitoneal).

Adninistratimnﬂﬁﬁ@m?ﬂgqbﬁﬁﬁhﬂhﬂthgﬁﬁﬁgkﬁﬁﬂ%gadninistration are, inter
alia, preparations tor rnyectron and I niusi in the formof solutions,
suspensions, emulsions, |lyophilizates and sterile powders. Suitable for
the other ro ﬁ of ad ni stra i on are for exanpl e, pharmaceutical forms
15 for inhal Eﬁn (i nt Qluenp’ehybassing (lhal ers, nebul i zers), nasa

drops/solutr@pgﬂjﬁpraw@hmkgg&géa (1 capsul es for | i ngual , sublingual or
buccal adm nistration, suppositorieé preparations for the ears and

eyes, vagi naCl&apsul escyc&mummrgmgm(pns (lotions, shaking m xtures),
|'i pophilic suspensions, ointnents, creans, mlk, pastes, dusting powders
or inplants, CsEh as, ¢)t§10hemn4§=ﬂwi actabm(ls?) 20 The active i ngredients can
be converted in a manner known per se into the stated admnistration
forms. This takes place with use of inert non-toxic, pharmaceutically

sui tabl e eXCLQh@@Bﬁd!ﬁ%ﬁ%?n#ﬂﬁhyde inter alia, carriers (for exanple

m crocrystal Tl ents (for exanple liquid polyethylene
glycols), emulsifiers (for 25 exanpl e sodi um dodecyl sul phate),

di spersants (for exanpl e pol yvi nyl rrolidone
: P 10 lgdethodlLIEp POty yipy )

Instrument: Micromass Platform 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 2 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 (LCMS)

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

2.1 mm, 3.5 pum; 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 (HPL.C)
Instrument: HP 1100 with DAD; column: Kromasil RP-18, 60 mm x 2 mm, 3.5 pm;

30 eluent: A=5ml of HCIO4/I of H,0, B = ACN; gradient: 0 min 2% B, 0.5 min 2% B,



synt heti ¢ andenaBa0ad-Horeipolyumbng (for exanple al bunmin), stabilizers (for
‘exanpl e antioxidants such as ascorbic acid), colourings (for exanple

i norgani c pignments such as iron oxides) or masking flavours and/ or
odours. The active ingredient can, where _ appropriate, be present also in
m croencapsul ated formin one or nore of 2*he carriers 30 indicated
above. Le A 36 099-Foreign countries -21 The therapeutically effective
conmpound of the formula (1) should be present in the pharnaceuti cal

pr epar at i ons 4detran |9 dHdve min 20% dicRow rratet O 0mlakiauienth. 130T; WRt&tion
preferably Oi{\?gf@t 0.5 to 95, %by weight of the conplete mxture. 5 The
phar maceuti c P& ati ons detail ed above may, apart fromthe conmpound
according to the invention of the forrmula (I) also contain other active
pharmaceutical ingredients. It has generally proved to be advant ageous
both in humaPrepathtive RPEHRLCNary nmedicine 10 to adnminister the active

i ngredi ent according to the invention in total amounts of about 0.001 to
about 59, pr &Pkl YME gdilelnent] fetonithikgwater byyaldieni v ra:-e50yml/2dn;hewp s,
where approprigte in.th of a plurality of single doses, to achieve
the desi red%ﬁétﬂefe&m’h\%s\j %dn’émdose contains the active ingredient
according to the invention preferably in anounts of about 0.001 to about
30, in particular 0.001 to 3, 15 ng/kg of body weight. The present
invention is explained in nore detail bel ow by nmeans of non-restrictive




preferred ex&fptae 099 hormign comiriest ed el sewhere, all quantitative data
relate to percentages by weight. Solvent ratios, dilution ratios and
concentration data for 20 liquid/liquid solutions relate in each case to
volurme. Le A 36 099-Forei ~lIn countries_-32 Abbreviations: ACN
acetonitrile BABA n-butyl acetate/n-butanol/glacial acetic acid/ phosphate
buffer pH 6 (50:9:25.15; org. phase) conc. concentrated DCl direct

chem cal ionjzation (in M3 DCM dichl oronet hane DI EA
NN- di i sopr OpMMM/BO di met hyl sul phoxi de DVF
NN- di net hyl f ormam de EA ethyl acetate EI el ectron inpact ionization (in
M5) ESI electrospray ionization (in MS) h hour HPLC high pressure, high
per f or mance Examiple LAr omat ography LG Ms coupled liquid
chr omat ogr aphy/ mass spectroscopy

Ethy! 5-amino-1-(2-fluorobenzyl)pyrazole-3-carboxylate

O

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 duﬁng 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.



LDA 1ithium dei’sépPBPForavindeouBRBA m chl or oper oxybenzoic acid M P.
melting point M5 mass spectroscopy NVR nucl ear nmagneti c resonance
spectroscopy Rf retention index (in TLC) RP-HPLC reverse phase HPLC RT
roomtenperature R retention tine (in HRC) sat. saturated THE
tetrahydrofuran TLC thin |ayer chromatography Le A 36 099-Fo. eign
countries -23 Mbile phases for thin-laver chromatography: T1 El:
toluene/ethyl acetate (1:1) Ti EtOH : toluene/ethanol (1:1) 5 d E:
cycl ohexane/ EXBppledAt ate (1:1) Cl E2: cycl ohexane/ ethyl acetate (1:2)

LOVB and HPLE TR Y N9 ordi i) Py kad ol YR bipyridine-3-carboxylate

N
£ CH,

The solution obtained from Example 1A is mixed with 61.25 mi (60.77 g, 0.613 mol)
of dimethylaminoacrolein and 56.28 ml (83.88 g, 0.736 mol) of trifluoroacetic acid
and boiled under argon for 3 days. The solvent is then evaporated in vacuo, and the
residue is added to 2 | of water and extracted three times with 1 | o.f ethyl acetate each
10 time. The combined organic phases are dried with magnesium sulphate and
concentrated in a rotary evaporator. Chromatography is carried out on 2.5 kg of silica
gel, eluting with a toluene/toluene-ethyl acetate = 4:1 gradient. Yield: 91.6 g (49.9%
of theory over two stages).
Melting point 85°C
15 R (5102, T1 E1): 0.83



Instrument: Md dmASS Feteagif aumrie€Z, HPI 100; col um: Symmetry C18, 50 nmm x
2.1 mm 3.5 m eluent A acetonitrile + 0.1%formc acid, eluent B: water
+ 0.1% formc acid; gradient: 0.0 min 10%A - 4.0 min 90%A - 6.0 mn
90% A; oven: 40C flowrate: 0.5 ni/nin, W detection: 208-400 nm 15
Met hod 2 (LCMS) Instrunent: M cronass QJg?tro LCZ, HPI1OO colum:
Symretry CIS, 50 fMmx 2.1 mm 3.5 m eluent A acetonitrile + 0.1%
formc acid, eluent B: water + 0.1% formc acid; gradient: 0.0 mn 10% A

- 4.0 nin 90EXAmPIE3A nin 90% A oven: 20 40C. flowrate: 0.5 m/nin: W
Instrunent: Waters Alliance 2790

detection: 2 t

LC, col um: gﬁ%ﬁ?@‘ﬂwg]@fgﬁ lg‘gpiﬁﬁ%‘?@(’@‘ﬁ Iawiding-Beappoxamidat A water + 0. 1%
formc acid, eluent B: acetonitrile + 0.1%formc 25 acid; gradient: 0.0
mn 5%B450mn 10%B 4 6.0 mn 10%B; tenperature: 50C flowrate:
1.0 M/mn; WV detection: 210 nm lii od 4 (HPLC) Instrument: HP 1100

with DAD; colum: Kronmasil RP-18, 2 mm 3.5 m 30 eluent: A=5nl
of HOO4/1 of H20, B = ACN, gradi elq¢ mn 2%B, 0.5 mn 2%B, Le A 36
099-Foreign countrie -24 4.5 m'n 909Y 6.5 mn 90%B; flowrate: 0.75

m/mn; tenp.: 30C;, detection

NH,

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¢ (810, T1 El1): 0.33

10

Example 4A
3-Cyano-1-(2-fluorobenzyl)-1 H-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



W 210 nm Prepanatyjoy s Rh: Col um: YMC gel; eluent:
]V#En E’&E@?s

‘acetonitril e/water (gradi ; ow rate: 50 m/mn; tenp.: 25C
detection W 210 nm Le A 36 099-Foreign countries - 25 Starting

conpounds: Exanple I A Ethyl .5-am no- |- (2-fluorobenzyl)pyrazole-3 -c
arboxyl ate 5 CH3 111.75 g (75 m, 0.98-m®t-) of trifluoroacetic acid are
added to 100 g (0.613 not) of sodiumsalt of ethyl cyanopyruvate
(prepared in anal ogy to Borsche and Manteuffel, 10 Liebigs Ann. 1934,

512, 97) in Znikuile O sti¥ied@orHMEIBperafuBOBvathioht 8f fsi 1 Mdedtih 1N dt%Abr anOOM
tenperature, and the mixture is stirred for "10 m nutes gurlng whi ch niuch
of the precgksaniediitlyeditimss. withdhS 85f98hy {d@t#d BaciptijneofThe organic phase is

2-fl uorobenZ)GVI h ddraz' ne, are added,, and the m xture is heated under
Cot e over e b aandiiEd SR hieSbyals Spltio Bng ot hidodheemid.at o
whi ch have s - : i it uciion and. 15 washed
with di oxane?H%g&?ﬁgQ@gf%{Tﬁgﬁﬁ%ﬁﬁggg é%"%erdp H(Saarrsgj? FYAPPEION o A 36
099- For &i gn &aeldf 33.2g (1@B% of theory)

Meiting point: 81°C

R;(SiO;, T1 El): 0.74

Example 5A
10 Methyl 1-(2-fluorobenzyl)- 1H-pyrazolo[3,4-b]pyridine-3-carboximidate |

30.37 g (562 mmol) of sodium methoxide are dissolved in 1.5 1 of methanol, and
3645 g (144.5 mmol) of 3-cyano-1-(2-fluorobenzyl)- 1H-pyrazolo[3,4-b]pyridine
15 (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.



Exanmpl e 2A ELBW 38 0¢2Fbleion countries. _
‘uor obenzyl ) - 1H pyrazol o[ 3, 4-b] pyTi di ne- 3-carboxyl ate CH3 5 The sol ution

obtained fromExanple 1A is mxed with 61.25 m (60.77 g, 0.613 nol) of
di met hyl am noacrolein and 56.28 nml (83.88 g, 0.736 nol) of
trifluoroacetic acid and boiled under akfon for 3 days. The solvent is
then evaporated in vacuo, and the residue is added to 2 1 of water and
extracted three times with 1 1 of ethyl acetate each 10 tine. The

conbi ned or gBRamphh@ges are dried w th nmagnesi um sul phate and
concentrated 1n a rotary evaporator. Chromatography is carried out on 2.5
kg of sili cal-(g&lyorebarzying Hapyazalof3d-bipeidinet Biesbosidiylineacet ate = 4: 1
gradient. Yield: 91.6 g (49.9% of theory over two stages). Ml ting point
85C 15 Rf (Si®2, Ti El): 0.83 Le A=33\099-Forei , countries -27 Exanple
3A 1-(2-Fluorobenzyl)-1H pyrazol o b] pyri di ne- 3-carboxam de 5 10.18 g
(34 mmol ) of the ester obtained in\§ pl e 2A are introduced into 150 m
of nmethanol which has been saturated th amonia at 0-10C. The m xture
is stirred at

N N\N
7\ / /H
o ———
N\
NH H

5 The solution of methyl l—(2-ﬂuorobenzyl)—lH—pyrazolo[B,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 ﬁhe precipitated solid is filtered off

10 with suction. It is added to 2 | of water, 31.8 g of sodium carbonate are added while
stirring, the mixture is extracted three times with a total of 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 Rt (SiO2, T1 EtOH1): 0.08 |

Example 7A
2-[l—(2-Fluorobenzyi)-lH-pyrazolo[3,4—b]pyridin-3-yl]-5—[(E)phenyldiaze.nyl}_4'6_

pyrimidinediamine



room t enper atlerf 36 009 {Byeeidavsurdhes t hen concentrated in vacuo. Rf (SiO02,

Ti E1): 0.33 10 Exanple 4A o

3- Cyano- 1- (2-fl uorobenzyl ) -1 H pyrazol o[ 3, 4-b] pyridine 15 36.1 g (133
rnnol ) of 1-(2-fluorobenzyl)-I1H pyrazol o[ 3, 4-Db] pyri di ne- 3-car boxam de
from Exanpl e 3A are dissolved in 330 ml "ol 'THF, and 27 g (341 mmol) of
pyridine are added. Then, over the course of 10 mnutes, 47.76 m (71. 66
g, 341 mol) of’ trifluoroacetic anhydri de are added, durlng whi ch t he
tenperature rises to 40C. The Le A 36 099-Fore+gn countries -28 mxture

is stirred at roomtenperature overnight. It en added to 1 1 of
water and extracted three times with 0.5 yl acetate each tine.
The organic phase is washed with s'@tura ed syfrum bi carbonate sol ution
and with I'N hydrochloric acid,
concentrated in a rotary evaporator. YleJd 733. 7 g (100% of theory)
Melting point: 81C Rf (SiQ2, T1 . 4 Exanpl e 5A 10 Met hyl

1- (2-fluorobenzyl)- | H-pyrazol o[ 3, 4- b]p ridine-3-carbox i m date

N
N
\ /" NH,
H,N
2 //N
N

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.



H3C- O H 30. 342gA 36@99diondiyn ofurgmel um met hoxi de are dissolved in 1.5 1 of
nmet hanol, and 36.45 g (144.5 mmol) of

3-cyano-| - (2-fl uorobenzyl)-1H pyrazol o[ 3, 4-b] pyridine 15 (from Exanpl e
4A) are added. The m xture is stirred at ,yoomtenperature for 2 hours

and the resulting solution is enployed directly for the next stage. Le A
36 099- Foreign countries -29 Exanple 6A

1- (2- Fl uorobenzyl) - 1H pyrazol-of 3, 4- b] pyri di ne- 3-carboxam dine NHH N H 5
The sol uti onEx@mple B 1. (2-f| uorobenzyl ) -1 H pyrazol of 3, 4- b] pyri di ne- 3-

car boxi m dat ¢_f,n~nm&t hanol abt.ai ned from Exanpl Ais mxed wth 33.76 g
(32.19 ™, 5ylW}'OFSE‘“&YQ&[%PY‘é‘é%ﬁi“‘é’%ﬁ‘[@hg-&éé,%Pmm@umﬁ@amngf
amoni um  chh@liydde:hdditliest i rred under reflex overnight. The solvent is
evaporated in vacuo, the residue is thoroughly triturated with acetone,

and the precipitated solid is filtered off 1h suction. It is added

to 2 1 of water, 31.8 g of sodium carbonate § sdded while stirring,
the m xture is extracted three tines wt of 1 1 of ethyl

acetate, and N
N
d \ e
| N
A y/
~=N
N
\ NH,
HN - NH,
5

5 g (11.38 mmol) of 2-[1—(2-ﬂuorobenzyl)—1H-pyrazolo[3,4-b]pyr‘idin-3-y!]—5-[(}3)-
phenyldiazenyi]-4,6-pyrimidinediamine from Example 7A are hydrogenated with
800 mg of 50% Raney‘n_ickel 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 5N 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 1s 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

O

J‘kCH
= N
N//\(L’

20 H,



t he organi c fdleas86i099dHaregr whdniiggrgnesi um sul phate and evaporated in
vacuo. Yield 27.5 g (76.4% of theory over two stages) mp.: 86C 15 Kf
(Si02, T1 EtOH1): 0.08 Exanple 7A 2-[ 1-(2-Fluorobenzyi)-1

H pyrazol o[ 3, 4-b] pyr] din-3-yl]-5-[(E) phggyldi azeny] ]-4,6_

pyri m di nedi arnine Le A 36 099-Foreign codntries -30 3.87 g of sodium
nmet hanol ate and then 12.2 g (71.7 mmol) of phenyl azomal ononitrile (L. F.
Cavalieri, J. F. Tanker, A Bendich, J. Am Chem 5 Soc., 1949, 71, 533)
are added t o psepsrddr meghadagyupi Qn Lof DZIL. OBu,gA ( Claiboragyol 5. @ooper{ M. Lee, J.
11luor obenzyl )-1 yrazol o] 3, 4-b ridine-3-carboxam dine in '

N, N- di net hyl %‘6‘?‘& ‘fﬂ'ﬁ%ﬁf {’%r%()@%ﬁ%&e 6A. The m xture is stirred at 110C
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 tIRxahiplg@pAconpound. Le A 36 099-Foreign countries -31 Exanple
8A 2-]

1- ( 2- FI 8or ob&adipm (B)r-2-pyanazsl(ofetios ytdrpymyil dinathghgininodetberlpyr i mi di netri am

ne trihydrochloride
Na' oN
I i CH;-
/)\N o~ s
NZ~ |
CH,

0.46 g (0.01 mmol) of sodium methoxide is added under argon to tetrahydrofuran

(solution A). Then 1.00 g (0.01 mmol) of methyl cyanomethyi{methyl)carbamate
10 from Example 9A is added to 1.73 g (0.02 mmol) of ethyl formate. Solution A is
slowly added dropwise to this mixture. The mixture is stirred at RT ovemnight. The
solvent is concentrated in vacuo in a rotary evaporator, and diethyl ether is added to

the residue. The crystals which have separated out are filtered off with suction and

dried under high vacuum.
15 Yield: 1.05 g (76% of theory)
HPLC (Method 4): R, = 1.35 min.

'"H-NMR (200 MHz, DMSO-dg): & =2.90 (d, LH), 3.35 (s, 3H), 3.47 (s, 3H).



55 g (11.38

'2[1(2f|u0r1‘g1f?)‘rhT%Z99F COMNIREST 3 4 b] pyri di n-3-yl]=5- (E)-
phenyl di azeny]] -4, 6-pyri m di nedi am ne from Exanple 7A are hydrogenat ed
with 800 ng of 50% Raney nickel in water in 60 m of DVMF under a
pressure of 65 bar of hydrogen at 62C #8B-22 hours. The catalyst is
filtered off with suction through 10 ki esel guhr, and the solution is
evaporated in vacuo and stirred with 5N hydrochloric acid. The yell ow sh
brown preci pgkahfmiahi ch separates out is filtered off wth suction and
dried. 3.1 g'TTé??T%)of theory) of the targeted conpound are obtained. The
free base is obtained by shaking with dilute sodi um bi carbonate sol ution
and extracteg mnth ethyl acetate. The solid insoluble in both phases is
filtered off ction. The 15 ethyl acetate phase al so contains

Il t b Met hyl .
zggnonggﬁyln(rﬁ}deﬁy H@?ﬂlpéezen[al @S%rgﬁ(e"n?@% Tﬁ%oé-%b]pé'ﬂﬂeﬂg%yﬂg‘b- For ei gn
countrlfes - thihaRshpgy to: Q Li, D.T. Chu, A daiborne, C S

o PyrRnRRg @fethyl)
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Under argon, 0.80 g (2.61 mmol) of 1-(2-fluorobenzyl)- 1H-pyrazolo[3,4-b)pyridine-
3-carboxamidine from Example 6A, 0.51 g (2.86 mmol) of sodium (E)-2-cyano-2-
10 [(methoxycarbonyl)(methyl)amino]ethenolate from Example 10A and 0.53 ¢
(0.73 ml, 5.23 mmol) of triethylamine are added to 50 m! of toluene. The mixture is
heated under reflux for 9 hours. It is then cooled to RT again and is mixed and
extracted with dichloromethane and water. The organic phase is dried over
magnesium sulphate, filtered and concentrated in vacuo in a rotary evaporator. The
15 residue is mixed with 5 m! of diethyl ether and crystallizes therewith. The crystals are
filtered off with suction, dried and purified by preparative RP-HPLC.
Yield: 20.2 mg (2% of theory)
LC/MS (Method 2): R, = 3.01 min
MS (EI): m/z = 408 (M+H)*
20 'H-NMR (300 MHz, DMSO-dg): & = 3.09 (s, 3H), 3.29 (s, 3H), 5.83 (s, 2H), 7.09-
7.42 (m, 5H), 8.20 (s, 1H), 8.64 (dd, 1H). 8.94 (dd, 1H), 9.27 (br. s, 2H).



Exanpl e 10A 23095 459 Foreig
'(E) - 2- cyano- ZT(“F?Y%%}WNH hyl ) am nol et henolate Na .,CH3 . O N

| CK3 0.46 g (0.01 mml) of sodium nmethoxide is added under argon to
tetrahydrofuran (solution A). Then 1.00 g (0.01 mmol) of nethyl
cyanonet hyl (net hyl ) carbamate 10 from Exadfdl-e 9A is added to 1.73 g (0.02
nmol ) of ethyl formate. Solution Ais slowy added dropw se to this

m xture. The mixture is stirred at RT overnight. The solvent is
concentrated in vacuo in a rotary evaporator, and diethyl ether is added
to the residue. The crystals which have separated out are filtered off
Wi th sucti on&ggl_p@i ed under high vacuum 15 Yield: 1.05 g (76% of

t heory) HPL%@NE@ = 1.35 mn. 'H-Nl\/Rq%ZOO MHz, DMSO-d6): 6 =
2.90 (d, 1H)Ft @éﬂu'ma@-[lé’l -ffporebenzyli 1Hipyeazalo§ 4ddpyrichn Sk ghScount r i es

-33 Exanpl es p%fﬂ?lllﬁcgrbamate

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 ovemight. 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): R; = 2.66 min

15 MS (El): 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. 5, 4H), 7.07-7.17 (m, 2H), 7.22 (1, 1H). 7.29-7.40 (m, 2H), 7.97 (br. s,
1H), 8.60 (d, 1H), 9.07 (d, 1H).



Met hyl 4-am pQ-2- (25 robenzyl ) - 1H pyrazol o[ 3, 4-b] pyri di n-3-yl ] -5-
5 pyrimdi ny?%ﬁ‘é%ﬁ#?%é%%ﬁ‘g%‘%ﬁ?—%c Under argon, 0.80 g (2.61 mmol ) of

1- (2-fluorobenzyl)-1H pyrazol o[ 3, 4- b] pyri di ne- 3-carboxam di ne from
Exanpl e 6A, 0.51 g (2.86 mml) of sodium (E)-2-cyano-2 10

[ (met hoxycar bonyl ) (et hyl ) am no] et henol at36 -f r om Exanpl e 10A and 0.53 g
(0.73 M, 5.23 mol) of triethylamne are added to 50 m of toluene. The
m xture is heated under reflux for 9 hours. It is then cooled to RT
again and i sy nd extracted with dichioronethane and water. The
organic phasgg?éﬁﬂgged over magnesi um sul phate, filtered and

concent r at ed ISoprop3t46-di Aol D] B leVRBONAL O H- hiiEn S, 15 xed
with 5 m of ((j)?qup%yl et her an((j E:rystal I iz?qe)g tﬁgﬁ%\?\n&ﬁfg e crg?tla s are
filtered of f PWimklinylearbamatedri ed and purified by preparative RP-HPLC.
Yield: 20.2 ng (2% of theory) LC M (Method 2): RI = 3.01 mn M5 (H):
mz = 408 (MtH)+ 20 ' H NVR (300 MHz, DMSO-d6): S = 3.09 (s, 3H), 3.29 (s,
3H), 5.83 (s, 2H), 7.09 7.42 (m 5H), 8.20 ( , 8.64 (dd, IH. 8.94
(dd, 1H), 9.27 (br. s, 2H). Le A 36 099-Forg ountries -34 Exanple 2
Et hyl

4, 6-di am no-2-[1-(2-fl uorobenzyl) -

4-b] pyridin-3-yl]-5-

N7
— NH,
H.N NH
oA,
HBC/(CHs
5
Prepared in analogy to Example 2 with 150 mg -(0.43 mmol) of 2-[1-(2-
fluorobcnzyl)-lH-pyrazolo[3,4-b]pyridin-3—y]]—4,5,6-pyrimidinem'amine
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., I1H), 5.92 (s, 2H),
15 7.07-7.20 (m, 2H), 7.25 (t, LH). 7.31-7.43 (m, 2H), 7.47-7.57 (m, 1H), 8.16 (br. s,

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



pyrlmdl nyl c t@1gC (0.31 mml ) of

2- [1 (2- f|uo?§b‘§@®9 rdigh B nine 3, 4-b] pyri di n-3-yl | -

4,5, 6-pyrimdinetriamne trihydrochloride from Exanple 8A are added to 5
m of pyridine, and the m xture is cooled to OC. 33.25 ng (0.31 nmol) of
ethyl 10 chloroformate are added, and th&6&-eaction is left to stir at RT
overnight. The pyridine 1is evaporated in vacuo in a rotary evaporator,
and the residue is purified by preparative RP-HPLC. Yield: 56.2 ng (43%
of theory) Lgy lefethod 1): R =2.66 mn 15 MS (El'): mz = 423 (MH) +

'H-NNR(SOOM, ! ﬁd6) 8 = 1.17-1.33 (m 3H), 3.97-4.14 (m 2H), 5.80
(s, 2H), 6 o@hmy 4, dd:hbuno?z DIZ¢2Zf1dokobenzyRHH- Blof3.4-bIdPridin 34919 40
(m 2H), 7.97 (br.. s. 8. 60 (d 1 H)Z,yg M og A T

099- For ei gn & HI‘?‘P%@aerEIaExarrpl e 3 Isopr opyl
4, 6-di ami no-2-[ 1- (2-fl uorobenzyl )-1 H pyrazol o[ 3, 4-b] pyridin-3-yl]-5-
_ pyri m di nyl car bamate 10
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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).



_HBC- \ CH3 51RrepensdlFoftianah@@Yest 0 Exanple 2 with 150 mg (0.43 mml) of
2-[1-(2- quorobenzyI) 1

H pyrazol o[ 3, 4-b] pyridin-3-yl]-4,5,6-pyrimdinetriamne tri hydrochl oride
from Exanple 8A, 7.5 nl of pyridine and $2.47 ng (0.43 mvl) of

i sopropyl chloroformate. The residue is~ ken up in a

di chl or onet hane/ met hanol 10 m xture, filtered and dried. Yield: 165 ny
(88% of theory) LCO M (Method 1): R, =2.84 min M (El): mz = 437
(I\/H—I)+'I—I—NI\/IE;@M—IZ DVBSO-d(, ): &:1.26(d 6H) 4.82 (quin., 1H),
5.92 (s, 2H), 157 -72&m2|—|),7.25£ﬂt H. 7.31-7.43 (m 2H),
7.47-7.57 (qutH”deliaeH('%? §2-flyorlenz)-1H-gyrerolo[ 319 blpgrids-3-4d:s-114) . Le
A 36 099- For 36 Exanple 4 Neopentyl 4, 6-di am no- 2- [

1- (2-f 1 uor ob@k@‘&f‘?%@ﬁ%éﬁol o[ 3, 4-b] pyri din-3-yl]-5-

pyrim di nyl carbamate 5 Prepared in anal ogy £o Exanple 2 with 100 ng (0. 29
mml ) of 2-[1-(2-

N
T,
N
A4
N
N
~— NH,
H_N
2 NH
O
O
/
H,C
5
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 m! 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 dﬁed.
Further purification is effected by stirming 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 (ED): m/z = 409 (M+H)" _
'"H-NMR (400 MHz, DMSO-dg): § = 3.61 (s, 3H), 5.80 (s, 2H), 6.19 (br. s, 4H), 7.08-
7.16 (m, 2H), 7.22 (1, 1H), 7.28-7.39 (m, 2H), 7.99 (br. s, 1H), 8.60 (dd, 1H), 9.05
(dd, 1H).



fl ubr obenzyl %'g% %Qgg_%l%}érno({o% 401 pyri din- 3 -yl] -4,5,6-pyri mdinetri
rochliorrde O'm_%X'a'er

‘amne trihy le 8A, 5 m of pyridine and 43 ng (0.29
mol ) of 10 neopentyl chlorocarbonate. Yield 54 ng (41% of theory)

LG M5 (Method 1): Rt = 3.10 min M (El): nmlz = 465 (MtH)+ ' H NVR (400
MHz, DMSO-d6): 6 = 0.95 (br. s, 9H), 3.748¢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). Le A 36 099-Forei Ln countries
-37 Exanpl e BxMablvg 4, 6-di am no- 2-[ '

1-(2-fluor obeﬁ;ﬂb)‘-_ll-l- pyrazol o[ 3,4-b] pyridin-3-yl]-5--

pyri m di nyl cEthybfgtdiarin®- [ B(Bfludrober{BT)- HpyRIzdlod3 4-b]pyridin-3-yl]-5-
2-[1-(2-fluorobenzyl)-1H pyrazol o[ 3, 4-b] pyri di n-3-y|?-4,5,6¥ 4

pyri mi di net r PEHRSEY (methy] M%7 i de from Exanpl e 8A are dissolved in 30
m of pyridine. The resulting solution is cooled to 0OC. 8.22 g (87.0
nmmol ) of nethyl chloroformate are added, and the m xture is stirred at

OC for a further 2 hours. It is 10 subsequeptly allowed to warmto room
tenperature and is stirred for a further 12

54 mg (0.13 mmol) of ethyl 4,6-diamino-2-[1-(2-fluorobenzyl)- 1H-pyrazolo[3,4-

blpyridin-3-yl}-5-pyrimidinylcarbamate from Example 2 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 1odomethane 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): R; = 2.91 min

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



hours. After LeonBenpy-Fordds: Lduny@&uo, the residue is washed with water and
dr ied. Further purification i1s effected by stirring in 300 m of
boiling diethyl ether. The precipitated product is filtered off with
suction and dried in vacuo. Yield: 32.6 % (92% of theory) 15 LC/ M5
(Method 1): Rt = 2.61- min M (El): mZ 2-409 (MtH) + " H- NVR (400 MHz,
DMSO-d6): S = 3 61 (s, 3H, 5.80 (s, 2H), 6.19 (br. s, 4H), 7.08 7.16 (m
2H), 7.22 (t 7.28-7.39 (m 2H), 7.99 (br. s, 1H), 8.60 (dd, 1H)
9.05 (dd, i’-l)l Nz @OBEVMHR DMEBD L, YIS &0U0E (1] 88 -B8 FX )| 8964 h 2H),

4, 6- di am no- g{gbl (2-11 uorobenoa/@_} 1H pyrazol 0[3 4-b] pyridin-3-yl

pyri mi di nyl ( Hy1 $dhrihres 7. 154117@}()07.16 ~T2fo{h, bH),er28:7. 32 (m,

4, 6- di am no- H-pyrazol o[ 3, 4-
b] pyri di n- 3- §F§%%§p§ﬂrfﬁﬁgﬂg?@§r te from Exanple 2 are added to 5 m
of DM, the mxture is cooled to 0OC, and 7.67 ng (0.19 mmol) of sodium

hydride are added.
5 Example 7

Isopropyl 4,6-diamino-2-[1-(2-fluorobenzyl)- 1H-pyrazolo[3,4-b] pyridin-3-yl]-5-
pyrimidinyl(methyl)carbamate

10 Prepared in analogy to Example 6 with 75 mg (0.17 mmol) of 1sopropyl-4,6-diamino-
2-{1-(2-fluorobenzyl)- | H-pyrazolo[3,4-b]pyridin-3-yl]- 5-pyri midinylcarbamate from
Example 3, 10.31 mg (0.26 mmol) of sodium hydride and 24.4 mg (0.17 mmol) of
iodomethane. The residue is purified by preparative RP-HPLC.

Yield: 32 mg (41% of theory)

15 LC/MS (Method 1): R, = 2.97 min
MS (ED): m/z =451 (M+H)"
'H-NMR (300 MHz, DMSO-dg): & = 1.09 (d, 6H), 2.98 (s, 3H), 4.80 (quin., 1H),
3.79 (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).

20



10 Then 18. 1&@%@94%&7@3%9{ ridsodonet hane are added dropw se, and the
stirred for o

‘mxture is Stirre The m xture is mxed with water and
extracted with dichloromethane. The conbi ned organi c phases are dried
over magnesi um sul phate and concentrated in a rotary evaporator. The
residue is purified first by colum chr8®at ography (nobile phase:

di chl or onet hane/ net hanol = 10:1) and then by 15 preparative RP-HPLC.
Yield: 32 ng (58%of theory) LC/M (Method 2): Rt = 2.91 min M (El):
mz = 437 (Mekbmpleg A 36 099-Foreign countries -39 'H NVR (200 Mz,
DIVBOd6)S—1U t, 3H, 2.99 (s, 3H), 2.93-4.11 (m 2H), 5.79 (s,
2H), 6.35 (bMeth;j,] 414) 4@dﬁﬁnﬂo-?“[l((mﬂuBl'd)b,eniyl)leﬂiH7p)2&oﬁd'[B4llﬂb idin2Byl7-532
(m 2H), 8.59 yi(1I-<¥ 9. 06 (dd 1H). 5 Exanple 7 |soprop yfm

4, 6- di ani no-BYT ¢t )SEAMAR ) - 1H- pyr azol of 3, 4- b] pyri di n-3-yl ] - 5-
pyrimdin y](rrethyl )C arbamate H N Z N-CH3

-

F

Prepared in analogy to Example 6 with 310 mg (0.76 mmol) of methyl-4,6-diamino-
2-[1-(2-fluorobenzyl)-1H-pyrazolo[3,4-blpyridin-3-yl]-5-pyrimidinylcarbamate from
Example 5, 27.32 mg (1.14 mmol) of sodium hydride and 215.5 mg (1.52 mmol) of
10 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) '
15
Larger amounts of the compound of Example 8 can be prepared by the following
synthetic method: '
20.0 g (49.0 mmol) of methyli 4,6-diamino-2-[1-(2-flucrobenzyl)-1H-pyrazolo[3,4-
b]pynidin-3-yl}-5-pyrimidinylcarbamate from Example 5 are dissolved in 257 ml of
20 tetrahydrofuran and cooled to 0°C. 53.9 ml (49.0 mmol of a IM solution in

tetrahydrofuran) of lithium bis(trimethylsilyl)amide are added dropwise over the



.10 Prepared iLe /086009 Fotedgitacmpied 6 with 75 ng (0.17 mmol) of

i sopropyl -4, 6-di ami no- 2-] o o

1- (2-fl uorobenzyl) - 1K pyrazol of 3, 4- b] pyri di n-3-yl]-5-pyrim di nyl carbamat e
from Exanple 3, 10.31 ng (0.26 nmol) of sodium hydride and 24.4 ng (0. 17
mmol ) of iodonethane. The residue is pul“ilf'i ed by preparative RP-HPLC _
Yield: 32 ng (41% of theory) 15 LCOMS (Method 1): RL = 2.97 mn N5 (H):
mz = 451 (MtH)+ 'H NWR (300 MHz, DMBO-d6): .S = 1.09 (d, 6H), 2.98 (s,
3H), 4.80 (qoburs of HS5 midutZ9 Afer Rifing Gt WA Bor. 26, mihH6.957 50(%379 i'r@nc(lm)of
2H), 7.22 (tii&%’g?’ 7.28-7.40 ( 2H), 8.59 (dd, 1 H, 9.07 (dd, 1 . 20
Le A 36 099- egtang qih pedes Aflry @eahqyrette mistting! is &llodredi tamvarey % foom

(bt car OB AL s D B Lo Simenian
my (0. 76 mothlofifie BHUGNN.-PheSpHis&MB eparated. The aqueous phase is extracted several
5 times with ethyl acetate and dichloromethane. The combined organic phases are
concentrated in vacuo. The residue obtained in this way is suspended in a mixture of
dichloromethane and tetrahydrofuran (1:1). The insoluble crystals are filtered off
with suction and taken up in methanol. The mixture is refluxed for one hour. After
cooling, the precipitate which has separated out is filtered off. The red solid obtained
10 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 s added, and the mixture is boiled briefly and filtered hot through
kieselguhr. The solution obtained in this way is evaporated to dryness. The
suspension after taking up in methanol is stirred at room temperature for one hour.
15 The white crystals are filtered off with suction.
Yield: 14.9 g (72% of theory)
LC/MS (Method 3): R; = 1.85 min
MS (El): m/z = 423 (M+H)"
'H-NMR (200 MHz, DMSO-ds): & = 3.01 (s, 3H), 3.57 (s, 3H), 5.92 (s, 2H),
20 7.05.7.17 (m, 2H), 7.18-7.46 (m, 3H), 7.47-7.61 (m, 2H), 7.59-7.97 (m, ZH), 8.71-
8.81 {m, 1H), 8.97 (dd, 1H).



2- Le A 36 099-Foreign countrj
"1- (2-fl uorobenzyTl) - IFF Sy?lazol‘%%%%- b] pyridi n-3-yl]-5-pyrimdinyl car banat e

from Exanple 5, 27.32 ng (1.14 mmol) of sodium hydride and 215.5 ny
(1.52 mmol ) of 10 i odonethane. The m xture is worked up by addi ng wat er
and 2 nol ar potassi um hydroxi de sol uti o#2and extracting with

di chl oronet hane. The conbi ned organic phases are dried with nagnesi um
sul phate and- concentrated in a rotary evaporator. The residue is
purified by Eemalas ve RP-HPLC. Yield: 93 ng (29% of theory) 15 Larger
anounts of the conpound of Exanple 8 can be prepared by the foll ow ng
synt heti ¢ netl$rpiopy20. 0 46-d#8niBo+2afi-(2-fddoratdnayl)-1H-pyrazolo[3,4-blpyridin-3-yl}-5-

4, 6-di am no- 2- ohenzyl) - 1H pyrazol of 3, 4-

b] pyri di n- 3- M“@S&BW? Fﬁgﬁaﬁiﬂ"@& barmat e from Exanpl e 5 are dissolved in
257 m of 20 tetrahydrofuran and cooled to OC. 53.9 nl (49.0 nmmol of a
| Msolution in tetrahydrofuran) of lithiumbis(trinethylsilyl)amde are
added dropwi se over the Le A 36 099-Foreign gountries -41 course of 15
m nutes. After stirring at OC for 20 min, 6.9 g (53.9 mvl) of

i odonet hane are added. After one hour, the m is allowed to warmto
room tenperature, and the reaction is stopf addi ng saturated
aqueous ammoni um chl oride sol ution. dre separated. The
aqueous phase is extracted severa & vvlth et hyl acetate and

di chl oronet hane. The conbi ned orgfni c phas®s are

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, 495 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
1odoethane are added once again. The residue is purified by preparative RP-HPLC.
Yield: 43 mg (67% of theory)
LC/MS (Method 1): R, =2.97 min
MS (ED): m/z = 465 (M+H)"*
15 'H-NMR (200 MHz, DMSO-dg): 6 = 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).



concentrat ed Ln_ : The re5|due obtained in this way is suspended in a
‘m xture of aFehtc A Setrahydrofuran (1:1). The insol uble
crystals are flltered off wth suction and taken up in nethanol. The

m xture is refluxed for one hour.' After <cooling, the precipitate which
has separated out is filtered off. The rdd-solid obtained 10 in this way
is suspended in 100 mM of a m xture of dioxane and dichl oronet hane (1:1)
and, while boiling, 20 m of nethanol are added until a clear solution
formns. Actlpgpﬁgcgﬁﬁgon is added, and the m xture is boiled briefly and
filtered hot ki esel guhr.” The solution obtained in this way is
evaporated to dryness. The suspension after taking up in nethanol is
stirred at roomtenperature for one hour. 15 The white crystals are
filtered offlmntthuuDuaﬁHﬁYh@ﬂunmkaD g (72%of theory) LC/Ms (Method
3): RR =1.85 mn M (E): mz 423 (M+tH) + ' H-NVR (200 MHz, DMBO-d6): 6
= 3.01 (s, 3H, 3.57 (s, 3H, 5.92 (s, 21-), 20 7.05.7.17 (m 2H
7.18-7.46 (m 3H), 7.47-7.61 ( 2H) ,\,{-59-7.97 (m 2H), 8.71- 8.81 (m
1H), 8.97 (dd, 1H). Le A 36 099- untries -42 Exanple 9 Isopropyl

4, 6-di am no-2-[ 1-(2-fluorobenzy H pyrazol o[ 3, 4-b] pyri din-3-yl]-5-

pyri mdin yl (ethyl)c arba

N
N @,

in which
R'  is -NR’C(=0)OR®,
10 R? is hydrogen or NH,,
R’ 18 hydrogen or (C,;-Cy)-alkyl,

R* s (C,-Cg)-alkyl,

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

R! is -NR>C(=0)OR?,



glp::negol rﬂg%%agyﬁogmgnxgo nln?eSG with 60 nmg (0.14 mmol) of isopropyl

(2-f1 uorobenzyl ) - 1H pyrazol o[ 3, 4-b] pyri di n-3-yl]-5-pyrimdinyl carbanat e
from Exanple 3, 4.95 ng (0.21 mmol) of sodium hydride and 21.4 ng (0.17
mmol ) of 10 iodoethane. To conplete the-ddaction, the sane anmount of

sodi um hydri de and iodoethane are added once again. The residue is
purified by preparative RP-HPLC. Yield: 43 ng (67%of theory) LC/ MS

(Met hod 1): Rt = 297 , mz = 465 (MrH)+ 15 ' H- NMR (200 MHz,
DVEO- d6) : 8 = ‘?/d“bgpo("l‘:’k‘%}%g (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), 09 (dd, 1H). Le A 36 099-Forei countries -43
Patent clains 1. Borrpotﬂ{@sfbﬁaﬂdyh formula (1) 5 in which N2 R is
-NR3C(=O OR4, 10 R2 is hydrogen or NH2,

5 Pr
4. 6-
1-

5 R*  is (C;-Cy)-alkyl,

and salts, isomers and hydrates thereof.

3. Compounds according to Claim 1,

10 >

in which

R'  is-NR’C(=0)OR*,
15 R’  isNH,,

R® is methyl or ethyl,

R* 1s 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-fluorobenzy!)-1H-pyrazolo{3,4-blpyridin-3-yl}-5-
25 pynmidinyl(methyl)carbamate |



R3 is hydrogen j. ; ... R4 is (CG-C6)-alkyl, 15 and salts,

i soners and %g%st‘g_sgjti%l}%‘?féﬁﬂ? Conpounds according to Claim1, 20 in
which R is -NR 3C(=O)OR4, Le A 36 099-Foreign countries 44 R2 is
hydrogen or NH2, R3 is (Cl-C4)-alkyl, 5 R4 is (C -C4)-alkyl, and salts,
i soners and hydrates thereof- 3. Conpounéi§-according to aimi1, 10 in
which R is -NR3C(=OOR4, 15 R2is NH2, R3 is nethyl or ethyl, R4 is
nmet hyl , ethyl or isopropyl, 20

F
N
Do
N
P
N
N/ \
. ~NH,
H2N N/CH3

CH,

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)

R
/
)
| >==o
HN NH,
ng——gT__<;
N /
—
N/ \
Y
N N
(Ia),
F

10 in which



and salts, i hereof. 4. Conpound according to Claim1l
‘havi ng the ‘& %BéO@@%OF@f %u%?nés thyl 4,b-diam no-2- |

l-(2- quorobenzyI) 1 H pyrazol 0[3 4- b)pyrldln 3-yl]-5- 25

pyri m di nyl (et hyl ) carbanmate Le A 36 099-Foreign countries -45 and the
salts, isoners and hydrates thereof. 5. -Pboecess for the preparation of
conpounds of the fornula (1) as defined in 5 Caiml, characterized in
that either [A] conmpounds of the formula (la) 10 in which Le A 36
099-Foreign countries -46 R4 is as defined in Claiml, are reacted with
conpounds of the forrrula (1) 5 R3-X1 (I'l), in which R3is as defined in
Claim1, 10 and R* 15 as defined in Claim 1,

are reacted with compounds of the formula (I)

5
R-x' (D),
in which
R’ is as defined in Claim 1,
10
and
X! is a leaving group,
15 or
[B]  the compound of the formula (III)
H,N NH,,
HEN‘2_<
N /
=
N,{ \
N N
(I]I)r
F
20

is reacted with compounds of the formula (IV)



i's a leavi nglgrggg,oqﬁ_i 15or !B!the compound of the formula (I1l) 20 is
Teacted with la (I1V) Le A 36 099-Foreign countries
-47 O C)~OR4 (1V), in which R4 is as defined in aiml, 5 or [C the
conmpound of the formula (V) NH 10 V) is reacted with conmpounds of the

formula (VI) 15 in which R3 and R4 are ad7defined in Caim1l,

O

cu)l\oa“ (IV),

in which

R* s as defined in Claim 1,

5
or
{C] the compound of the formula (V)
S
3
N N
yok
10 F
15 reacted with compounds of the formula (VI)
0 CN
H4\ )I\ 20 Na
o N (VD),
3
R
15 in which

R’ and R* are as defined in Claim 1,

to give compounds of the formula (Ib)
20



to, give co n the .formula (1 20 Le A 36 099-Foreign countries -
48 gi n whi (r:rﬁq 6909 1Pafei L L8 1(fiU21ed in Claiml. 6. Corrgounds of the
formula (1) as defined in daiml for the treatnment of disorders. 10 7.
Medi cament conprising at |east one conpound of the fornmula (I) as defined
in Cdaiml, and at |east one further exci48i-ent. 8. Medi canment conpri sing
at | east one conpound of the fornmula (1) as defined in Caiml in
conbination with at | east one organic nitrate or NO donor. 15 9.

Medi cament conprising at | east one canpound of the fornula (1) as defined
in Cdaim1l in conbination with at |gast one conpound which inhibits the
br eakdown of cyclic guanosi ne nondphosphate (cGw). 20 10. Use of
conmpounds of the formula (1) as d% in daiml for producing

medi canents for the treatnent of cafdiovascular disorders. Le A 36

099- Forei gn countries -49 11. R=N NH,

A
N
—
N,{ \_
N N
(Ib),
F
in which
5 R? and R* are as defined in Claim 1.
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 [ 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.



12, '5 13. 10,14 5 of -tonpounds of -the fornmula (1) as defined in
Qaiml for %Ms for the treatnent of hypertension. Use
* of conpounds of the fornmula (1) as defined in Caim1l1 for producing
medi canents for the treatnment of thronboenbolic disorders and ischaem as.
Use of conpounds of the formula (1) as dabi-ned in Caim1l1 for producing

nmedi canents for the treatnent of sexual dysfunction, especi ally of

erectile dysfunction and of femal e sexual dysfunctl on. O Use
according to;gany 0 oupds, of he forrrula ()

as defined i n?CI al\tllfU gf?acr%gnpérgrﬁ oy%ﬁ'kﬁ }rlg] ﬁ’oﬁﬁggdﬁ ned tmClaim b4k producing
organic nitrate gfedNOERRTHr BE niegmg‘é;l[r‘g Yyth at least one conpound
which inhibits the breakdown of cyclic gﬂk

n05| ne nonophosphate (cGW).

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

5 medicaments for the treatment of thromboembolic disorders and ischaemias.

13. Use of compounds 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.

10 : one,

14.  Use according to any\éf Claims 10 to 13, where compounds of the formula (T)
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).
15





