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pyrazol opyri di nes The present invention relates to conpounds [ cﬁ sPi nmul at e

sol ubl e guanylate 5 cyclase, to the preparation thereof and to thggusé 2006
t hereof as nedicanents, in particular as nedicanents for the treatnent of
cardi ovascul ar di sorders and/ or sexual dysflunction. One of the nost

I nportant cellular transm ssion systens in manmalian cells is cyclic 10
guanosi ne nonophosphate (cGW). Together with nitric oxide (NO, which is

rel eased fromt mrgmgénﬁiﬂsﬁ{ma@gﬁgza%@ﬂ idgnddor nronal and nechani cal signal s,
It forns the C System anyl at e cyclases catal yse the biosynthesis
of cGw from guanosine 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 ligands into two groups: the

parti cul ate guanylabesdy Shadhon RIAL &2oRBoRAI WAL Stiplard' bRl g%&:@{/ate O

pepti des, and the e guanyl ate cycl as can be stinul at

The sol ubl 8 guamrytladee toyihk apreparatints itlsdreafl aidwio Sthbuuset thessod asemedieambntd) yh
contain one haem per heterqdimer, which is part of the regulatory site. The
latter is of céatticylar pnpseicamentsfeyrthe featmeahahrasdioyasculas 3\$altdiet$rﬁndm®5¢)§1ahb| e
to bind to the :qggﬂnﬁponatom of haem and thus markedly increase the activity
of the enzyne. reé preparations cannot, by contrast, be stinmulated by
NO COis also able to attach to the central iron atomof haem but the
stimulation by COis distinctly less than that by NO 25 Through the
production of c@e ofribe mgst impgitant delnlar frarsmisyiom Systesscfmammalian cells is cyclic

POSPOT & e 8381 S R VAORES): Sdbell R0 nidhiAB! Ry S i
teleased 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 disciosed to
date can be divided both according to structural features and according to the type 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 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,



crucial part in various physiological process, in particular in the

rel axation and proliferation of smpoth nuscle cells, in platel et() 8 NOV 2006
aggregati on and adhesion and in neuronal signal transm ssion, and in

di sorders caused by an inpairnment of the 302aforenentioned processes. Under
pat hophysi ol ogi cal conditions, the NO cGW system nmay be suppressed, which
may | ead for exanple to high bl ood pressure, OHNOV2006 -2 platelet

activation, increased celbibAr iRLe s@ae%@@mgp u?x%ﬁf‘é?%] | al ja¥al alr'n%%fﬁﬁcm

at heroscl erosis, angi na pectéris, heart fail ronboses, str sexual

dysfunction andtmm&rmsahngm:i péaﬁm@memﬁfaﬂuﬁ@s&bmbasmytr&{e taxaal dysgimsteh
di sorders which i s | ndependent of NO and ains at influencing the cGW

si gnal pat hway 2R @F)@ﬁ?ﬁdh’ﬂllrﬁl #1stien.pr oni si ng approach because of the high
efficiency and few side effects which are to be expected. Conpounds, such as
organic nitrates, whose effect is based on NO have to date been 10

excl usivel y useqx feksiBIB %véyfmfr@etaﬁﬁg IsGelS BisSdbAtv9eh @f inlehétdleft SIROYArAL Bms at
cyclase. NOis produced bi oconversion and activates sol ubl e guanyl ate

cycl ase by att achﬂuﬁglcmg the h@Mfémgnailpathvmm 1ab1gmm&nmamromgi@r¢d¢b becalse
effects, the dev me f tol erance one, of the crucial  di sadvant ages
of this node of & rﬂéeglﬂ Sgﬁfﬁolefgy "%ﬂg‘%? Eeuhigh pEhtohe s3PEssA st i nul at e

guanyl ate cyclase, i.e. w thout previous reI ease of NO have been descri bed
in recent years, such as, for exanple,

3- (5" - hydr oxynmetCothpdinds,sayh hs drgbﬂnmytkatmlamokceefféé@islbasw o NG have tBldaethe8d
(1994), 4226; Milsch et aI Brit. J. Pharmacol. 120 (1997), 681) fatty
aci ds (Gol@ber g exclugively ‘:933 d dprothe @féﬁ’ﬁ“t‘25ﬂmclla@m?)°f splublg guatylatreexAlase IR ism

hexaf | uor ophos t e r
507y, 1ol | aut PGBy 4BERF et haivaflsolybte EUBHIFRE Biclast MRk 4o,
and various subsht ceritRdd ifdy aeh® be hateh.| Bedidey @& side effects, the development of tolerance

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

15 Some substances which directly stimulate guanylate 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 hexafluorophosphate (Pettibone

20 et al.,, Eur. J. Pharmacol. 116 (1985), 307), isoliquiriigenin (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 fo 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.



(WO 98/16223). In addition, WD 98/16507, WD 98/23619, WD 00/ 06567, WO

00/ 06568, 25 WD 00/ 06569, WO 00/21954 WD 02/ 42299, WD 02/ 42300, W@NOV 2006
02/ 42301, WD 02/42302, WO 02/092596 and WD_03/ 004503 descri be

pyrazol opyri di ne- derivatives as stinmul at of 8 “of sol ubl e guanyl ate cycl ase.

Al so described inter alia therein are pyrazol opyridines having a pyrimdine
residue in position 3. Conpounds of this type have very high in vitro
activity in relation to stinulating sol uble guanyl ate cycl ase. 30 However,

it has energed that these conpounds have di sadvantages in respect of their
in vivo pr opertitegwudhera@,repgw opbiaehl of tReipresprthanveniion rot ipeovidey efurthethei r

phar macoki neti c_behgvi our hei r dose-response relatio r their metabolic
Dat hvay. 06 NobVafgepRitine genfiadved R 7 °PREvBE -0t SlpeTe guaitete Bl Bu
invention to prgyheenave iedadvaidpds QeRNYA AsdvB LR dorddukES itk pritf lartas
stimul ators of sol uble guanyl ate cycl ase but ~do not "have the di sadvant ages,
det ai |l ed above, of the conpounds fromthe prior art. 5 This object is

SRSy by o RachEreL B PR shReshgl ottty AL Ty R S o
3 a pyrimdine J ??h& : ks ra; i i attern..: y a
carbamate resi 35‘2541%93% rti glr?Bg%dé?e taﬁ%‘yalb‘g% %%ﬁﬁ%ﬁiﬁlﬁ%{%wgﬁg& r%ﬁ n‘flﬁgx?g?{oup
in position 4 obyifilglinel Cesipei whidh has ral pagticuliresybs@ant pattevg Niantely apeehamacal | y

relates to conmpounds of the fornmula (1). R NH2 RZ IN_ N ) .
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 (J)

R NH,
R% N
\N /
—
N/ \ %
\N N
D,

! F

15 in which
R'  is -NR*’C(=0)OR’,
R’ is hydrogen or NH,,
20
R} is hydrogen or (C;-Cs)-alkyl,

R* i3 (C,-Ce)-alkyl,

and salts, isomers and hydrates thereof.



Nf N ~N (1), F 15 in which RL is -NR3C(=O OR4, R2 is hydrogen or NH2,
20 R3 is hydrogen or (Cl-C4)-alkyl, R4 is (Cl-C6)-alkyl, and sgjln%ﬁgvg Oer s
and hydrates thereof. 0 e NOV 2006 -4 Preference is given to c ounds of
the formula (1) in which R is -NR3C(=O OR4,- 5 R2 is hydrogen or NH2, R3
is (CG-C)-alkyl, 10 R4 is (Cl-C4)-alkyl, and salts, isonmers and hydrates
thereof. Particular preference is given to conpounds of the forrmula (1) in
which 15 R is -NR3C(=OCR4, R2 is NH2, 20 R3 is nmethyl or ethyl, R4 is
nmet hyl , ethyl or isopropyl,

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

R!  is-NR’C(=0)OR’,
R? 18 hydrogen or NH,,
R® s (C-Ca)-alkyl,
10 R*  is (C;-Cy)-alkyl,
and salts, isomers and hydrates thereof.
Particular preference is given 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:



and salts, isomers and hydrates thereof. 25 Especial preference is given to
t he conpound net hyl 4, 6-di am no-2-[1-(2- 08 NOV 2006

fl uorobenzyl) - 1H pyrazol o[ 3, 4- b] pyri di n-3-ylL]-5-pyri m di nyl (nmet hyl ) car bamat e
from Exanple 8:-08NOV2006 -5 F N NN NA’NHz H2N NCH3 O-O 1 CH3 The
conmpounds according to the invention of the formula (1) may al so be in the
formof their salts. Mention may generally be nade here of salts with
organic or inorganic bases 5 or acids. Physiofogically acceptable salts are
preferred for the purposes of the present invenyion. Physiologically
acceptabl e salts of the conpounds according toA \nvention may be salts
of the substances according to the inventiof neral acids, carboxylic
acids 10 or sul phonic acids. Particul ajly pteferred exanples are salts with
hydrochl oric acid, hydrobromc aci1, N-phir i c aci d, phosphoric acid,

met hanesul phoni ¢ acid, ethanesul phdnic ;cth p-t ol uenesul phoni ¢ aci d,
benzenesul phoni ¢ aci d, napht hal ene- a

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, tartanic 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 triethylamine, di- or triethanolamine, dicyclohexylamine,

dimethylaminoethanol, arginine, lysine or ethylenediamine.



di sul phoni c acid, aeetic acid, propionic acid, lactic acid, tartaric acid,
citric acid, fumaric acid, nmaleic acid or benzoic acid. 15 Physiaologically
acceptable salts may |i kewi se be nmetal or anmonium salts of the éUh@beﬂ%
according to the invention having a free cafboxyl group. Particularly
preferred exanpl es are sodi um potassium nagnesiumor calciumsalts, and
ammoni um salts derived fromammoni a or organi c am nes such as, for exanple,
20 ethyl am ne, dhe oinpouhdy hycbaiaden tidi mvéitiohl e RRIVO krd MukEneric forms. This is
dlcyclohexylanlne di meth Ianlnoethanol arginine, lysine or

et hyl enedi ani ne knognevgakille Bermea@bﬁ»p@wagmabww egompassefesuch {BHSi on may
exist in tautoneric forns. This is known to the skilled person, and the
invention |ikew se enconpasses such fornms. The conpounds according to the

i nvention may flﬂlﬂieft%h{ﬂéﬁﬁd@ﬁ;cbfmﬁé% e‘henmeaﬁoﬁ @iy furtRerd@sts b i tﬁwﬂmtcﬁ&heu
Al kyl is a linear or branched al Kyl radical having, as a rule, 1 to 6,
preferably 31 to pbssiblpduytiatasl arly preferably 1 to 3, carbon atons, by way of
exanpl e and preferably nethyl, ethyl, n-propyl, isopropyl, tert-butyl,

n- pentyl and n-hexyl 10 Hal ogen is for the purposes of the invention

f1uorine, chlori °1!iHeQxe ﬁﬁﬂn&h‘%ﬁ' lmﬁ%l Bﬁxﬁg?,n% al AKeE rittb:%R n{ﬁ&b&%‘?&?%ﬁﬁ

to a process for par ng t accor t'o 1 he

formula (1). Th qﬁﬁio&mﬂlyhﬁefﬁﬂ’abwm J:&bbrﬁ]atoms, beaay bﬂ@(a@qﬂ@ﬁwﬁﬂﬁfeﬁbl}t methyl,
formula (la R4
(1a) ethyl, n-propyl, isopropyl, tert-butyl, n-pentyt and n-hexyl.

i0
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] byreacting compounds of the formula (Ia)

F
in which
20

R*  is as defined above,



O >=OHN NHZ HZN--JN NN NN (la), Fin which 20 R4 is as defined -
above, 0 A NOV 2006 -7 with conpounds of the formula (11) R3-X (glﬁ)NﬂV Bogi N
which R3 is as defined above, and X1 is a |eaving group such as, for

exanpl e, hal ogen, preferably iodine, or 107mesylate, where appropriate in
an organic solvent with cooling to give conmpounds of the formula (1), 15 or
[B] by reacting the conmpound of the formula (I11) H2N NH2

with compounds of the formula (II)
R>-X' (I,
5 in which
R3 is as defined above, and

X! 1s 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 (IIT)

HN  NH,
N /)
——
7\
Y
N\N g
(I,

F

20
with compounds of the formula (IV)

o)

CI/U\OR4 ),



HZN NNN ~NN(f), F 20 with conpounds of the formula (IV) O ClACR4
(I'V), 0 8 NOV 2006 in which R4 is as defined above, 5 where appropnigat(¥ 1068
an organic solvent to give conpounds of the formula (la), or 10 [C] by
reacting the compound of the formula (V) NE+H2N N NN (') FJO with
conmpounds of the fornmula (V)

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
HN
—
N/ \ 4
\N N
(V)
F

with compounds of the formula (VI)
15

O CN
RA\ J‘k )\/O- Na’
) (VD)
R3

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)



15 OCN RHOLNONa' | (VI), R3 in which R3 and R4 are as defined a?mv %
20 where appropriate in an organic solvent with heating to give cohiﬁb ds™of
the formula (I'b) HNOV 2006 -9 R ORI NH N NN 1~ "N.11 N (Ib), J
1\ F inwhich R3 and R4 are as defined ab&ve. 5

R4
/
0
0
3
R—N H,
N
\N /
—
'O W
\N N

|

in which

R*andR* are as defined above.

5
The compounds of the formulae (II) and (IV) are commercially available or known
from the literature or can be prepared in 2 manner known to the skilled person.
The compound of the formula (II) can be prepared as shown in the following
10 reaction scheme:

()

(Vi
Compound (IIT) is obtainable in a two-stage synthesis by reacting compound (V) with
compound (VII) to give compound (VIII) in accordance with process step [C] and
subsequently hydrogenating compound (VII) with aqueous Raney nickel. The



The conpounds of the formulae (11) and (1V) are commercially avail able or
known fromthe literature or can be prepared in a manner known fi @ HIKME006
skill ed person. The conpound of the formula (I11) can be prepared as shown
in the followi ng. 10 reaction scheme: N=NNj N FNI NF (MI1) / \ -NN
" F NNN/ NHZ %/ NHHZZN NN -NNHHN/ NHZ HZN NHZ (v) (MI1) (111)
Compound (Il11) is obtainable in a two-stage synthesis by reacting conpound
(V) with compoy ok éﬂaln)thaﬂl w8 Gammaunglit(\th! Iah | & ﬁﬁeorseﬁ&&e Yirt NexRRQEESS
step [C] and ubsequent |y hydrogenati ng conpound % w t h” aqueous ney
ni ckel . The 0 Adhmxhﬁmﬁamld@ prgfeirablyewrster dnvatedlpmssmarﬁor egharopit undera® torYani c

sol vent, for | e _dinethylf m de, pr.eferabl nder el evat ressure,
for ex arrpl e undgg}o%e@@bgg unXer 85 ggr s%mngpthe react?ony S(L)Jlugon for severa?qlogrs for
example for 22 hours, at elevated temperature, for example at 40 to 80°C, preferably

5 at 60°C to 65°C.

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

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

q F

F
NC 0O
+ —_— N
\—g/"o g
- /
NH, 0

(Na-Salt) 3 —

N E—— N
N \N N ~
—ran, O ————
AN
Q

compound (V) is obtainable in a multistage synthesis from the sodium salt of ethyl

u s

/z'\-

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



bar, preferably under 65 bar, stirring the reaction solution for gev&tapis
hours, for exanple for 22 hours, at elevated tenperature, for exanple at 40
to 80C, preferably 5 at 60C to 65C. The coml)ound (VIl) can be prepared in
analogy to L. F.-Cavalieri, J. F. Tanker, Bendi ch, J. Am Chem Soc.,
1949, 71, 533. 10 The conpound (V) can be prepared as shown in the foll ow ng
reaction scheme:. F \' NC+ HZNNII N OHN~NHZ O (Na-Salt) o\l F F ~N
C5 ONN ONH ldeneﬂm&punﬂhy( V) -(Lluobdtzhad Pl H-pyRazaldfs), htb]pﬁ%ﬁﬁ-ﬁdéﬂ}sd%@&tés fig om
the sodiumsalt of ethyl anopyruvate, which is known fromthe
literature (Bor ﬁn@r@ddbmﬂeﬁ fiftege smquémeggonsw)xna ofChemviersios of thg zsteg Ayith

Reaction thereof wth 2-fl.uorobenzyl hydr.azi (gn H %t under h

protective gas mﬁag%ﬁg}t%ﬂ}e RN %P?fei%ﬁy Elté?‘P Jith & 8&5‘%@“?%%}1&?0 A
et hyl 5-anino- |1ﬁﬁn$r’oh‘é€tﬂéb‘ﬁﬁl§dﬁ&@3{d 3R ﬁe%oﬂasmmgaﬁmevmrﬁau@@%mng the
cyclized by reaction wth dimethylam noacrolein in acidic nmediumunder a

protectivesgas 20tri¢ dersghee withrsddhieaethngide end)fivallyt teecttoor wih jpomatinngn phloride ne

derivative. This i di ne al . 006
int% t[le compound%.

g

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

10 carbamates can be prepared in analogy to Q. Li. Chu, T.W. Daniel, A. Claiborne,
C.S. Cooper, CM. Lee, J. Med. Chem. 39 (1996) 3070-3088.

Reaction of the compounds of the formulae (1a) and (II) to give compounds of the
formula (I) can be carried out by using the reactants in equimolar amounts in an
15 organic solvent, for example dimethylformamide or tetrahydrofuran, preferably in the
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,
20 preferably at 0°C.

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 stirming 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-



-11 derivative, ethyl q 8 NOV 2006
1- (2-fl uorobenzyl) -1 H pyrazol o] 3, 4-b] pyri di n-3-carboxylate, is converted by
a nmultistage sequence consisting of convera}lfn of the ester with ammonia
into the correspondi ng am ne, dehydration Wth a dehydrating agent such as
trifluoroacetic anhydride to give the corresponding nitrite derivative,
reacting the 5 nitrite derivative with sodium ethoxide and finally reaction
wi t h ammoni um cliimethgidormantide,t peeferablpoimdhg \fresefibe «fo 210 wadivatents, herefepabigl a
(VI') can be synthesized by _nethods known to the skilled person fromthe
correspondi ng c%%’&ﬁﬁfcé%s» B§g$bé§ec§q°5r?s o xRl triethyiamime orsediuppmethapalaiss es

Cooper, oM Led 5 ABR e pincbiic pESre dndlyitR e of el TeRR fgion B8
conmpounds of theeverslmtieg 6 ejaniilél férl 9 holu@, & elevatedmeaipesisuref for RRamplerangoa
(1) can be carried out by usi n% the reactants in equinolar amounts in an 15
or gani ¢ solvent ,160%c, pestgrablyeatd 0Rd6RSC fin parisildeatok 1 0f€t r ahydr of ur an,
preferably in the presence of 1 to 2 equivalents, preferably 1.1 to 1.5

equi val ents, of a base such as, for exanple, sodium hydride or sodium

N - bi st ri met hy | il o BBLeR acBlrtfg 1 MoimbifiBh of HTBRANLTH Shddh §33MAS Wt h
stirring of the rgaction soalcutiogt?or a few ﬁours, ormelidgrrpl%gtﬁ ofc?él}gﬁour,

with cooling, fqhaexasoipgeabdffectGhittocauitbmothenpleseatpredicted. 20 preferably at
O0C. Reaction of the conpounds of the fornmulae (111) and (IV) to give the
conpounds of the fornula (la) can be carried out by using the reactants in

equi nol ar unt-s, .l gapl.Gi:80! ve : anpl g.a AlNnC e
pr ef er abl yﬂprgri dﬁlﬁe?o%?gfl@;sa% f?%lﬁ er rzlfée a %ngﬁﬁeg?cﬁgr&@&%qunﬁgt Pibom
stirring of the vaeaekhkstibnddahiishibition oSsluelebhgdiepation afdlead fxarEah@iohds bibdd

hours, at OC to roomtenperature, preferably at roomtenperature. Reaction
of conpounds of RIBBUWEGNHANBCIEASE ipseropary)bleqst Bew.clhesepBeniziarcgnediated 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

15 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
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



formula (1b) or of conpounds of the fornulae (V) and (VII1) to give COWH{T\F@QG
of 30 the formula (VII11) can be carried out by using the reactants in’ l
equi nol ar armounts or wth use of the conpog:d of the formula (VI) in slight
excess in an organic solvent such as, for” ekanple, in a hydrocarbon such as
toluene or xylene or in NN OBNDV2O -12 dinethylformam de, preferably in

the presence of 2-3 equivalents, preferably 2 equivalents, of a base such

as, for exanpl eNO/&GdhydysteinneTlosy adisuimbletihapetiztiar fopr ei@évihg ypsroaion,

at nospheric pressure and with stirring of the reaction solution for several
hours, for exanpPecenBatian, desgRIBE OF (NEERAY A{IEH cogaither MparaentsolikeathapfHPRCURINGS0-

5 160C, preferabl t 100-150C. .1n .particular. at 110C The conpounds ..
according to the® E?ﬁgﬁlﬂ BHISECIHoR W ?‘h[]'\a Olas?éls%aﬁ%s\/\?yggvgfeaé ‘fcheasr ﬁ@&"%’f‘“"e

phar macol ogi cal jghhiaab®, WeGRsdepitdd 1B&hinBa¥sd bRRMobY ei?f;;ﬁ%rﬁﬁnts}oat)gz%sociated

conpounds according to the invention of The formula (1 ring about

vasor el axati on amincry logses, ascutan defentizg teednedcerdpepl dgamtmiapstrakeddémentiat agcaring
reduction in bl ogg gress re anE % i ncrease in caronary bl oold fl ow. These
effects are nmediPHEeaTeKFES(PPEFroke demsntia); BRStIFAUEHfG Arani o, fegedl and

an intracel |l ul ar, ] SN [.13.Q0; : ol to
the invention ofcoit1 eﬁ?or rrhr{]ﬁ;‘n: ﬂ séﬁhlgcﬁgggtﬁ]%f%%#e?gsclt %%ﬁgilgg%%g{sl I ch
i ncrease the cGvRrhévebrobldntd) ABheintr’sedBepee LekbRbody edvtitntie) idemestey iwiel
rel axi ng factor), NO donors, protoporphyrin |X arachidonic acid or
pheny! hydr azi ne degencyationyefsthe Tiienjalclohes metuding Bidkes syndresye Parkinpands diseesst s
for the trgatnent of cardj S r di sqrder uc s, for exanpl or
the treat nl‘g) nt ofpr?ﬁrﬁﬁ“bel g{é‘g&%r é%ﬂ?gr%é“i%’g h‘gg%lt‘?orﬁ%oﬁaﬁgrie&egg?%r% R a%“ay"&aﬁ‘% af{abl e
angi na pectoris,scRedsisPALS), Bidtiphirt Afsedsas allfplediS@beer thalanfié depedrrittun, as,
for the treatnent of thronmboenbolic disorders and ischaenias such as
Creutzfeld-Jacob dementia, HIV dementia, schizophrenia with dementia or
Korsakoff’s psychosis. They are also suitable for the treatment of central nervous
system disorders such as states of anxiety, tension and depression, CNS-related
15 sexual dysfunctions and sleep disturbances, and for controlling pathological

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

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.



nyocardi al infarction, stroke, transistoric and ischaem c attacks,

di sturbances of peripheral blood flow, prevention of restenoses as T ¥ B 2008
t hronbol ysi s therapies, 25 percutaneously translum nal angi opl asties (PTAs),
per cut aneously translum nal coronary angioéﬁasties (PTCAs), bypass and for
the treatnment of arteriosclerosis, asthmatic disorders and di seases of the
urogenital system such as, for exanple, prostate hypertrophy, erectile
dysfunction, femal e sexual dysfunction, osteoporosis, glaucoma, pulnmonary
hypertensi on, gastroparesis and_incontinence. 30 The conpounds according to
the invention ofOrgsmc frataes and YO damory do Hgi pupeses fafr the ciprgntion | 4ra geaesally al
nervous system diseases. characteri,zed. by disturbances,of t 8 006. 13
N COP systom SR ol BSHRL R P SRR SR Ridhe 0T R RN Soris
concentration, I\aitdhdaPbe Wby Whi OF eﬁ&ﬁ%&btdnﬂ%réfﬁﬁﬁlf S RbBuh MBopIQSR,
occurring in particular in assocCiation with situations/di seases/syndrones
such as mi I5d cogntréglycering, npaombidetinitraigaserosndd mbechitraemélsidoming ane SO¥L .

i npai rments, age-associated 5 nenory | osses, vascul ar denenti a,

crani ocerebral trauma, stroke, denentia occuring after strokes (post stroke
dementi &), POSt 1} AR | e GFedlts SRRRERH Ao bAGHRsse I AR cHninGBRSARH SR dr Hre

i mpai rments, concéntrationtinpairments 1h children Wt earning an nmenory
probl ems, Al zheigsipofindti %hitheinhibRViredkddwndefreyic sguanissifeninofophiobphate (cGMP).
degeneration of the frontal |obes including Pick's syndrone, Parkinson's

di sease, 10 pr ogrhess iatee prefrealdy intphitary of qehesphiodigsigrases &oftandobaremenclature of

degenerati gn, amyol aterngl .. sc I . )y, HuRk LN NpS.:diS e l.tiple
scl erosi s, iCq]hal _ aé/oaxggg]eégslgftileg&@bgfé%;@pdﬁ?géggsg.eﬁ%ﬂ&ﬂgrﬁﬁﬁe@mgg&% Pa,
schi zophr eni a W doganéleioR akd AhbitorskphaldotiicStesy § IPBESV inhitetors)l &padify one of
suitable for the treatnment of central VOous

the compounds sildenafil (Viagra =, EP-A 0 463 756, WO 94/28902), vardenafil

(WO 99/24433) or tadalafil (WO 95/19978). These inhibitors potentiate the effect of

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

15 increased.



system di sorders such as states of anxiety, tension and depression,nwumm35
CNS-rel ated 15 sexual dysfunctions and sl eep di sturbances, and for '
control ling pathol ogical disturbances of the intake of food, stinulants and
addi ctive substances. The conpounds accordTHb‘to the invention of the
formula (1) are furthernore also suitable for controlling cerebral blood
flow and thus represent effective agents for 20 controlling mgraine. The

conpounds accor Biglgpitdl ihveetieatiomet i on of the fornula (1) are also suitable
for the prophylaxis and control of the sequel ae of cerebral infarctions

such as stroke, cerebral ischaem’ as and craniocerebral trauma. They can
i kewi se be enmp OV EC faor é)crtltro ing 25 states of pain. In addition, the
conmpounds accor W9 on of the formil a (1) have an anti -

i nflammatory effect and can therefore be enployed as anti-inflamuatory

agents. 30 Furthernore the present invention also enconpasses the

conbi nati of of Rubbitsast stomeed hycntdownal thedack df thg neck drdeare exsamguiimatedoThe hata

formula (1) with one o re organic. nitrate NO donors. | RNOV2006  -14

Organi ¢ nitrate$ BROVRD ‘%%ﬁ&fédgﬁﬁntt%éuep&ﬁﬂ@@ﬁ@%m%w TRSKIdE odapU singly

generally subs [ \M‘I;g of
LAd fhs nté{ﬂ ifi 8 n‘i'l (ffb%g{auﬁ Eﬁ?@%ﬁ éﬁ%ﬁé f[(?&ﬁg H‘é:ﬁ Eﬁ&gﬁé&

NO or NO speci es. I on nmay fera

sodi um ni t r opr uas3 e, with metfblwmgedsmp@;ndrs(ﬁmy NAd%: dionKiol24. &,Cd@psgrﬁaode
nmononitrate, nolsidomne and SIN1. In addition, the present invention also

encorrpasses t he M&SthiaHGnl di Kﬁzme 1&5 NebCO3: 25 rghurgsrid OvRhecorae o contraction
i bi  or 00f pRoieEsrRH Ber SPReBE R R0 Bl S et TR D SRl IO
Rei f snyder (199Qe2 ﬂ(f&ei{mepnnsmntsqw&é%h) B febsrlbdin pardllct bR th@flrdcbrdbhias
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%

(ICso) 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 ICsq for the compound of Example 1 is 670 nM, and the corresponding value for
the compound of Example 8 1s 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



connection are inhibitors of phosphodiesterase 5 (PDE V inhibitors),nagny 2008
especially one of the conpounds sildenafil (Viagra, EP-A 0 463 756," Q/\A S
94/ 28902), vardenafil (WD 99/24433) or tadalafil (WD 95/19978). These
inhibitors potentiate the effect of the cobpounds according to the
i nvention, and the desired pharnmacol ogical effect is 15 increased. N B NOV
2006 15 Biol ogical investigations Vasorelaxant effect in vitro 5 Rabbits
are stunned by &rbmephdr@olution Baedndphot [BA ,&a%?.@&ﬁlu%@@@ﬂhﬂﬂéfqg-ingﬁﬁi
aorta is renoved, freed of agher edr?{h ti ssﬂ@,c di v?c_ied intorings 1.5 rervm de,
and put singly inadée egesinoWitar-siutle snbanchs ahs ijesiedimiOityo sadivoyeogds sed
Krebs-Henseleit spl.ution at 37C with the foll ow ng conposition (mMV: Nad :
119; KC1: 4.8; E3&'9%x 2 2O 1; MSO4 x 7 H2O 1.4; KH2PO4: 1.2; NaHCO3:
25; glucose: 10. The force of contraction 10 is detected with Statham UC2
cells, anplified and digitized via A/D converters (DAS- 1802 HC, Keithley
| nstrument$ Munikoh) osehd adranyistehéidn, rthpateal | sbstanceshard diesoivederin A 6:10:9.69
contraction is generated by addi ng phenyl ephrine to the bath cunulatively in
i ncreasi ng  condaYperadwag: polyethyllens cajysoh mizyra gl admpispsiered by gavagsdt Aadume be
investigated is filnv]%ti gated in each further run in increasing dosage in
each case, and tHe el%ht of the 15 contraction is conpared with the hei ght
of the contraction reached in the |ast preceding run. The concentration
necessary to reduce the height of the control value by 50% (1C50) is
cal cul at ed fromWiles resting eomditwas.dthapebbit pemeris iovisible i g pubieregion andVsO
content in the bath | ution.corresponds .to.D.1 %. 20 The | G50 for the
conpound of° Exarﬁ?FE’leig?’scoé'?ﬁdﬁW {bﬁnﬁﬂ%g‘“ﬂoﬁ%%“&ﬁw 1y B5%EFTRE o meagyring the
gonpound of Exanphgh 3f the ppOPudiM 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, tumed 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).



Rabbit nodel 25 Adult male chinchilla rabbits weighing 3-5 kg are quQgﬁ to
being kept singly for several days after delivery. They have fre% access to
wat er and can take feed for two hours a day. The animals are kept in a
10/ 14- hour day/ night rhythm (light on from 18-00 h), and the room
tenperature is 22-24C. 30 Three to six animals are used in each treatnent
group and are weighed imredi ately before the start of the test. For the
i.V. admnlstratlbql,ml he suq§t nces retdlssolved |n _Transcutol ( ATTEF SE
GrbH) and di | ut etk et P o P PGS S5 : oLk

Cr enophor solutuﬁmnﬁgﬁgﬂﬁphor (BASF), water). A volune of 0. 5 m/kg is
injected into the ear vein. Water-sol ubl e substances are injected in 0.9%
sodium chloride solution. 5 For oral admnistration, the test substances

i ni ot or ed. by [HEVEBER 1 g NI GH S BTRBLE HUBEPRLY PhipCARIP LR ORES
the rabbi t spent Sl logs), tnd B Bthl s RBLARATadcas HL ARG Rhlon

covered by the p erection i s assesse y nmeasuring t engt h

of the protrudi ng g:wu cS Alﬁdr hdmiibtraion adlthd fbistandd) looehis ualesmEidm itle afimaised
out 5, 10, 15, 30, 45, 60 and 120 m nutes after adm nistration of the
substance and, dfedr tlfftﬁﬁaﬁﬂfhdm h¢ma@d,oran athent pkﬁﬁ@m ys aibtapeds therefremahy 6

hours. The ani mal s e .for ose I a a

held firmy by (6Bt %"‘121°Pupt’ e Pogpn é%%%gyt i e ey by Egé‘t@@&and
measured. Corr espRngla&ifla %Qxhdéﬁﬂ&tlcﬁ@tﬂhé Qbdrséy ﬁnﬁﬁrlh'tﬁﬁ w%uhrc Used @@@meulate the
reference: E. Bischoff, K Schneider, Int. J. of Inpotence Res. 2001, 13,

230-235: HO Bi sqfefthacokinehi eyahetens, by madaniofga welidEsd SshaodacoKinetic ronipaterK.

[4' 2]

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 cvtochrome 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 ICsp is calculated [Anal. Biochem. 248, 188 (1997)].



H. Schl emmer, The Journal of Urol ogy, 2001, 165, 1316-1318; E. Bi schoff,
hit. J. Inpotence Res. 2001, 13, 146-148). 20 The mnimal effectiy {f ﬂﬂ"?‘ﬁ}ﬂﬁ)f
t he conpound of Exanple 8 on oral administration is 0.03 ng/kg (w @1

si mul t aneous admi nistration of 0.2 ng/kg i-18-sodiumnitroprusside SNP). O
fl 'NOv 2006 17 Determ nation of pharnmacokinetic paraneters after

I ntravenous and oral adm ni stration The substance to be investigated is
adm nistered in [

dogs) . “andor al i ARLEH, RamAR L] ARbeb Qi BT o (rhe SR aiThE Cyp
gavage. After adwiferinsidlativersubdtratdieussdlasd phaaceti (©UP142), alkcﬂ@feﬁid)(GYM%
animals at fixed tinmes and i s hegérl ni zed, and then plasma is obtained

therefrom by césktrometherpham (CYRaDé) trsd amidazpleny Lﬁaﬁﬁ’ﬁf\ﬂédmﬁaﬁoymtm ply then
t he pl by LC T t f t h
uy or o used o PR Azt 35 MnSRRE bl be SIS s BE R Cilitidh 1 ©

val i dat ed ghar magpkkile, & CURRYLAE caRLRKL TR i Ee%ﬁctﬂfxfiin mblahﬁet fcﬁﬁah@&h of
0.3 and 1.0 ng/ kg (as sol ution in Solutol:EtOH water 1:1: 8) to rats, the

conpound of Exarpinpai®dstitvihe comtrd]l §] bubsiratg apd d3nmibitdSconoendetiongt i ons (AUC).
AUCst and (0.3 ng/kg) = 0.326 [kg*h/L] AUCstand (1.0 ng/kg) = 0.548 [kg*h/L]
I nhi bition of cytochrone P450 enzynmes 20

Induction of cytochrome P450 e es 1n 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 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 pM),
omeprazole (OME; 100 uM) and phenobarbital (PB; 2 mM), in duplicate
determination for 5 days. The final concentrations of the test substances are 0.01-

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)
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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-



After 48 hours in culture, the hepatocytes are treated with different
concentrations of the test substances, conparing with the inducers

rifampicin (RIF, 50 M, omeprazole (C]VE 100 M and phenobar bi @aNOY #85 2
mV), in duplicate determnation for 5 days2 The final concentrations of the
test substances are 0.01- 20 10 g/m . The inductive effect of the test

subst ances on the cytochrone (CYP) P450 enzynes 1A2, 2B6, 2Cl9 and 3A4 is

determ ned by adgitedtab gséﬂfﬁﬁl@@‘tsﬁgaﬂmﬁkhqmét@Sﬁﬁﬁ\jlbsﬂ peltéoders, emulsions,

[ 14C] - S-mephenyt oi n (CYP2B6 and 2CI9) and [ 14C|Ztest ost erone 25 (CYP3A4) to
the cell cul tur@@smmldwystﬂutld'mndmdmolsve potential of the test substances
Is found fromthe activities, neasured in this way, of CYP1A2, 2B6, 2Cl19 and
3A4 enzymes of treated cells conpared with untreated cells. Table |I bel ow

2 Ihg""s Pfahgn dres“'ﬁ&ggcﬂa}agfrnﬁl%ﬂﬁt!@dcaﬁfmﬁéé@l?éeevﬁthc gied ¥ GR dIGhBE UGS S

uctive ct on ver enzym c actirvitires

i N human hépat ogintraveaislt, Uhigsarteftal, dhtracasdid intedpinal oﬁnﬂamﬂt(as)t anaith dhatesign NOV
2Q0s 19 Concentration CYPLA2 CYP2B6 CYP2C19 CYP3A4 Control 0 1.0 1.0 1.0

1.0 RIF 50 M n.off. ans absprptiprp {intramgscute, gbaitapepusy . iNfac\§anesus 0pe Craneog/Eor 00
(I\)/l' %g 576]2- 543 é ?&%@én%ns%&}%m@%@%ﬁ%& @'ﬂ]f@&lﬁﬂq}ie g)f]palge%te]fal?’%m]inf:;’gano% a]r'e S?nter
alia, preparations for injection and infusion in the form of solutions, suspensions,
emulsions, lyophilizates and sterile powders.
10
Suitable for the other routes of administration are, for example, pharmaceutical forms
for inhalation (inter alia powder inhalers, nebulizers), nasal drops/sclutions, 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 liqud 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.



10 g/m 1.38 2.54 1.97 3.47 n.d. = not determ ned The present invention
further relates to nedi canents which conprise at |east one 5 conp?HQqumﬁ
according to the invention, preferably together with one or nore

phar macol ogi cal | y acceptable excipients or-&arriers, and to the use thereof
for the aforementioned purposes. The active |ngred|ent may have system c
and/or | ocal effects. For this purpose, it can 10 be admnistered in a

sui tabl e way suqie %anﬁﬁeuﬁé@%k&rat%@'deta@l@ﬂ e4HoRE Ahay, PAPD RRHY the Qaﬁa&und
sublingual, lingual, buccal, rectal, transdermal, conjunctlval topi cal or
as inplant. Theccamdlngya) thngn‘eaﬂmlemtof clwnfotmuladm alsiostotaird ofher adive rphmmaaeutmmt
forms suitable tor(ﬁhese 15 adm nistration routes. Suitable for oral

adm ni stration &#® adm nistration forms which deliver the active
ingredient rapidly and/or in a nodified manner, such as, for exanple,
tablets (uncoated and coated tablets, e.g. tablets provided with enteric
coatings os fil mi2E genétalNOroed o b@ékﬁiaﬁﬂ%écﬁb'bﬁﬂﬁﬂl huGip Sl 68 vets HEAY nedaiingd
tabl ets, granules, pellets, powders, si ons suspensi ons, solutions and
aerosol s. Par entt@radlmrastm ﬁiesaqtla(puogedlant mn@inpg acéhmwmtmomtmiearmmof

absorption step ( intr e rac |ntr plnal or
i ntral umbar) or aRP‘Et thL Bs’? H§ 0% Pé'?fréﬁé’ {)‘86 df W’n‘?’ @L??P welg every
subcut aneous, | ? 1R Gk %@ﬁ%rd}ﬁfaﬁéﬁhﬂﬂ@ Rt of0d plutdlity BPGRHEIEAISA! )o achieve the
Adnmini stration forns suitable for parenteral admnistratfon are, inter

alia, preparati aesirddoresiltj.edt simgleaddsd wonisine nthie nadtive il'ngretdwnt iE:Otbl‘de]gOtIB the
suspenst offy, eq}lj‘\lle?lltlglrll ?)refel%blgfhl}llalmzo%il‘gsof%gguts& (%ll tloeab%?lt 0, m par]h%ular 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.



Suitable for the other routes of adm nistration are, for exanple,
pharmaceutical fornms for inhalation (inter alia powder inhalers,
nebul i zers), nasal drops/solutions, sprays;__tablets or capsulesgﬂdﬂ“lmﬁ

| i ngual , sublingual or buccal adninistratio%@‘suppositories, preparations
for the ears and eyes, vagi nal capsul es, aqueous suspensions (lotions, 15
shaki ng m xtures), |ipophilic suspensions, ointnents, creans, mlk, pastes,
dusting powder anhreviaBbmats, such as, for exanple, stents. The active

i ngredi ents can"be converted in a nmanner known per se into the stated

adm nistration fornms. This takes place with use of inert non-toxic,

phar maceuti cal |y, O suitabl e excjpients. These include, inter alia,
carriers (for e | e nicrd%?§@ﬁﬁkline cellul ose), solvents (for exanple
liquid polyet hylgiiga gl ycol s). ny ; 904l 0 I

sul phate), dispersaﬁts (fo?)gi E%%%“%@??%?&@%%?????ﬁgéﬁ??&ﬂbggﬁﬁhgﬁ?ﬁ and
natural biopolynmers (for exgHpl(80:8125uh% agg. psdsapi | i zers (for exanple
anti oxi dants such as ascorbic acid), colourings (for exanple inorganic

pi gments such 2598% jron 0x§@e&rad nasking fiavours and/or odours. The
active ingredie an, wher r i af.e... he- ent also in
rricroencapsulatg%C ormin dﬁgmg@&ﬁgggl%%ﬁ?cgqggyg'ers i ndi cat ed above. The
t herapeutical | y imffect i ve cdispletonsktiginet he fornmula (1) should be present in
the 30 pharnaceutical preparations detailed above in a concentration of
about 0.1 to 99.I¥EA pref er aliNydidggoprapylathydarBineo 95, % by wei ght of the

conplete m xtur v Zoos . 2 The, phar maceuti cal preparations detail ed
above may, apartﬁ) t he c%‘ﬁﬁﬁf%a‘“ﬂé@ﬁ%i ding to the invention of the

formula (1) al speentai n ot Nev.dasdthyliforRanideceutical ingredients. 5 It has
generally proved to be advantageous both in human and in veterinary nedicine
EA

ethyl acetate
EI 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



to adm nister the active ingredient according to the invention in total
anopunts of about 0.001 to about 50, preferably 0.001 to 10, ng/b%?ﬂw dy
wei ght every 24 hours, where appropriate in . the formof a pluralFity o
singl e doses, to. achieve the desired resut£d: 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, ng/kg of body weight.
The present invm&mﬂ}ﬁemﬂ@hn@&ricnr@@@gy bel ow by neans of
non-restrictive preferred exanples. Unless Indicated el sewhere, al
guantitative data relate to 15 percentages by weight. Solvent rati os,

dilution ratios .concentratign,da é(_) liquid/liquid solutions relate
i n each case to'@ nme. _t(%léen_ee y}l\aq\e]g%; 0@6 Abbrevi ations: ACN acetonitrile

BABA n-butyl acetiatief: butangle/etladsi@l1)acet i c aci d/ phosphate buffer pH 6
(50:9:25.15; org. phase) cone. concentrated DCl direct chem cal ionization
(in MS) DGM di dHlBr:omet hapdohisxa/dthladétats bl bpyl et hyl am ne  DMSO di net hyl
sul phoxi de DMF N- di et hyl f onnam de acetate El el ectron inpact

EA et hyl
i oni zation (in N8)EZES) e|°é@?h%§$ﬁr’%¥9y1iasﬁ?§é{]¢¥bn (in MS) h hour

LCMS and HPL.C methods:

10 Method 1 (LCMS)
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 - 4.0 min 90% A - 6.0 min 90% A; oven:
40°C; flow rate: 0.5 mli/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 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:
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 um; eluent A: water + 0.1% formmic acid, eluent B: acetonitrile + 0.1% formic

25 acid; gradient: 0.0 min 5% B 2 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 pm;

30 eluent: A=5ml of HC1O4/1 of H,O, 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 mVmin; temp.: 30°C; detection
UV 210 nm.



HPLC hi gh pressure, high performance |iquid chromatography LC M coupled

I i qui d chromat ogr aphy/ mass spectroscopy LDA [ithiumdiisopropylam de MCPBA
m chl or oper oxybenzoic acid MP. nelting point M nass spect rosc%%NNMﬂ][}ﬁ
nucl ear nmagnetic_ resonance spectroscopy Rf24retention index (in ) RP-HPLC
reverse phase HPLC RT roomtenperature Rt retention time (in HPLC) sat,
saturated THE tetrahydrofuran TLC thin |ayer chromatography O NOV 2006
-23 Mobil e phases for thin-laver chromatography: Ti El: toluene/ethyl
acetate (1:1) Ti EtOH : toluene/ethanol (1:1) 5 d El: cycl ohexane/ethyl
acetate (1:1) ElephdtiveREtdPleXRane/ ethyl acetate (1:2) LCMS and HPLC

met hods: 10 Method 1 L(CVS) Instrunent; Mcronmass PlatformLCZ, HP 1100;

col umm:  Symmet r {Folemn: BACdel, eluent:jacgtppitrlevter (gradisnt); Howgais: o mlrmingtempg. 104

formic acid, el yert diectt 8V 710%A%




formc acid; gradient: 0.0 min 10%0A 4 4.0 mn 90% A -5 6.0 mn 90% A, oven:
40C, flowrate: 0.5 m/mn; UV detection: 208-400 nm 15 Method 2 ({BW@B
Instrunent: M cronmass Quattro LCZ, HP1100; ggl um: Symmetry C18, &

2.1 mm 3.5 pm eluent A acetonitrile + 071%formc acid, eluent B: water +
0.1% formc acid; gradient: 0.0 min 10 A5 4.0 min 90% A 4 6.0 min 90% A
oven: 20 40C, flowrate: 0.5 m/mn; WV detection: 208-400 run. Method 3
(LCVB) | nst runerStartiif @mspoindsance 2790 LC, colum: Symmetry C18, 50 nmm x
2.1 mm 3.5 pm eluent A: water + 0.1%formc acid, eluent B: acetonitrile
+ 0.1%formc 25 acid; gradient: 0.0 mn 5%B 450 mMn 10%B 4 6.0 mn 10%
B; tenperature: nggéii'!efglgow rate: 1.0 mM/mn; UV detection: 210 nm Method 4
(HPLC) I nstrunents 0 with DAD; columm: Kronmasil RP-18, 60 mm x 2 nmm
3.5 pm 30 el uagthyl Fathinb- L{2-fkdriché yragf-3Batbodhite gradient: 0 min 2% B,
0.5 mn 2% B, 4.5ym'n 90%%, 6.5 rntﬁ:r%ggO%B; row?gte: 0.75 M/mn; tenp.:
30C, detectlion UV 210 nm 24 0 8 NOV 2006 Preparative RP-HPLC Col um: YMC
gel; eluent: acetonitrile/water (gradient); flowrate: 50 mM/mn; tenp.:

25C;, detection UV 210 rim O B w@m Starting compounds:
H

N AN
\ /

0
J \—cHh,

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, 5712, 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.



Exanpl e 1A Ethyl 5-am no-1-(2-fluorobenzyl)pyrazol e-3-carboxylate 5 Z F
HZN\ /NO O -CH3 111.75 g (75 m, 0.98 nol) of trifluoroacetica g @J{Ee
added to 100 g (0.613 nol) of sodiumsalt of ethyl cyanopyruvate ?3‘1” 6 ed
in anal ogy to Borsche and Manteuffel, 10 Li%¥bigs Ann. 1934, 512, 97) in 2.5
1 of dioxane under argon with efficient stirring at roomtenperature, and
the mxture is stirred for 10 m nutes during which nmuch of the precursor

di ssol ves. Then BpafiplepA 0. 613 nol) of 2-fluorobenzyl hydrazine are added,
and the mxture |'s heated under reflux overnight. After cooling, the

crystals of sodFthy 11{(Zfugebeemydr Bi-pywaplehs, irat-geibaxgdate are filtered
off wwth suction and 15 washed with di oxane, and the solution is reacted
further as it is. ORNOV2006 -26 Exanple 2A Ethyl 1-(2-fluorobenzyl)-1

H pyrazol o[ 3, 4- b] pyri di ne- 3- car boxyl a DFFNN~ INO O\--CH3

°_
4 CH,

The solution obtained from Example 1A is mixed with 61.25 ml (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 1 of water and extracted three times with 1 ] of 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 Re (810,, T1 E1): 0.83



"5 The solution obtained fromExanple 1A is mxed wth 61.25 m (60.77 g,
0.613 nol) of dinethylam noacrolein and 56.28 m (83.88 g, 0.736 nol) of
trifluoroacetic acid and boiled under argon for 3 days. The sol ven 8iNgV 12006
evaporated in vacuo, and the residue is addéd to 2 1 of water and extracted
three tines with 1 1 of ethyl acetate each 10 tine. The conbi ned organic
phases are dried with nagnesi um sul phate and concentrated in a rotary
evaporator. Chr hy is carried out on 2.5 kg of silica gel, eluting
with a tol uene/%hyl acetate = 4:1 gradient. Yield: 91.6 g (49. 9%
of theory over tw@-Euembsyzyl )V pyragolofd,#b]Boidirks3-RirbGk42idd| El ) : 0. 83 0 8 NOV
2006 -27 Exanple 3A

1- (2- Fl uorobenzyl) - 1H pyrazol o[ 3, 4- b] pyri di ne- 3-carboxanide F N N~N NH2 O
5 10.18 g (34 mmol ) of the ester obtained in Exanple 2A are introduced into
150 m of nmethanol which has been satfofaded-fi th amoni a at 0-10C. The
mxture is stirred at roomtenperatule fq two days and then concentrated
in vacuo. Rr(Si02, Ti El): 0.33 10 N

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¢ (Si0;, T1 E1): 0.33

10

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



Exanmpl e 4A 3-Cyano-|-(2-fluorobenzyl)-IH pyrazol o[ 3,4-b]pyridine cF N NI
N 15 36.1 g (133 nmol ) of

1- (2-fluorobenzyl)-1H pyrazol o[ 3, 4- b] pyri di ne- 3- car boxan de fromUB(M]‘bbjg% 3A
are dissolved in 330 M of THF, and 27 g (3?51- mol ) of pyridine are added.
Then, over the course of 10 mnutes, 47.76 m (71.66 g, 341 mmol) of
trifluoroacetic anhydride are added, during which the tenperature rises to

40C. The 0 -28- ufixtike Nsaﬁe@amoshufe@lpeﬁauﬁ*elowéﬁegmtlt OB hedgaeo At WfByater and
overnight. It is then added to | 1 of water and extracted three tines with

0.5 1 of ethyl atteqcéﬁdeﬂmnmes rveith Wﬁel of gthyl ecesrtasrach simencBiveorgmhic phase is
W b magnest um SUPISAYED SAAh SR B B e ol iR e A e ProiSHg afifh
SA 10Nt hyl (2 1 or o 9*% eﬁﬂ%%@r%‘@%%?gﬂxffn date
NNINN\S Yield: 33.7 g (100% oftheory)

Melting point: 81°C

Rf (SiOz, T1 El): .74

Example SA
10 Methyl (2-fluorobenzyl)-1H-pyrazolo[3,4-blpyridine-3-carboximidate

30.37 g (562 mmol) of sodium methoxide are dissolved in 1.5 1 of methanol, and
36.45 g (1445 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.



H3C-O H 30.37 g (562 mol ) of sodi um net 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] pyri dine 15 (from ExahpNEV 2085
are added. The nixture is stirred at room téhkperature for 2 hours and the
resulting solution is enployed directly for the next stage. -29- 08NOV2006
Exanpl e 6A 1-(2-Fl uorobenzyl)-1H pyrazol o[ 3, 4- b] pyri di ne- 3- car boxam di ne

c~F N N~ tN H EMabhlElgAa The sol ution of nethyl

(2-fluorobenzyl)- pyrazol o[ 3, 4- b] pyri di ne- 3-car boxi m date in nethanol

obt ai ned fr om Exa@pFlaomhenzylri B-gpiraapiob,4d)meidinec Bearboxamidig62 nmol )  of

gl acial acetic acid and 9.28 g (173 mml) of ammoni um chloride and stirred
under reflux overnight. The sol vent ifs=ewapgrated in vacuo, the residue is
thoroughly triturated with acetone, § e precipitated solid is filtered
off with suction. It is 10 added to 2\ water, 31.8 g of sodi um carbonate
are added while stirring, the mxture Is extracted three tinmes with a total
of 1 1 of ethyl acetate, and the organic phase is dried with nmagnesi um

sul phate and evaporated in vacuo. Yiel (76.4% of theory over two
stages) mp.: 86C 15 Rf(SiQ2, Tl Et

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 I of ethyl acetate, and the organic
phase 1s 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 (8i0,, T1 EtOH1): 0.08

Example 7A
2-[1-(2-Fluorobenzyl)}-1H-pyrazolof3,4-b]pyridin-3-yl]-5-[(E)phenyldiazenyl}-4,6-

pyrimidinediamine



Exampl e 7A 2-]

1- (2- Fl uor obenzyl)-1H pyrazol o[ 3, 4-b] pyridi n-3-yl]-5-[ (E) phenyl di azenyl ]-4,6
- pyrimdinediamne -30- 0 8 NOV 2006 NNz, F/N ~N NNH2 H?2 ﬂ}\‘B/NhIVZMB
3.87 g of sodium net hanol ate and t hen 12.2'60(71.7 mol ) of

phenyl azomal ononitrile (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 mol) of 1-(2 fluorobenzyl)-1H pyrazol of pyri di ne- 3- car boxam di ne
in N, Ndinethylform am de from Exanple 6A. Th reis stirred at 110C
overnight and allowed to cool. The solid -t
W th suction and washed with ethanol. : 3
t heory) of the target conpound. (38 1 BExanple 8A 2-]

1- (2- Fl uor obenzyl ) - 1H pyr azol o[ 3, 4- ' -yl]-4,5,6-pyrimdinetriam ne
trihydrochl oride NN

387 g of sodium methanolate and then 122 g (71.7 mmol) of
pheénylazomalononitrile (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-blpyridine-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.



(Xt: N NNHz HZN NHZ 55 g (11.38 mmol) of :
2-[1-(2-fluorobenzyl)-1H pyrazol o[ 3, 4-b] pyridin-3-yl]-5-[(E) N0V 2006
phenyl di azenyl ] - 4, 6- pyri m di nedi am ne from Exanple 7A are hydroégrig]tgg W t h
800 ng of 50% Raney nickel in water in 60 nf"of DVMF under a pressure of 65
bar of hydrogen at 62C for 22 hours. The catalyst is filtered off with
suction through 10 ki esel guhr, and the solution is evaporated in vacuo and
stirred with SNExgipdeBAoric acid. The yellow sh brovvn preci pitate which
separates out is filtered off with suction _and d g .(59. 3% of
theory) of the tdldetiucrebersylindi-ayazepiid- hk&ndqrhé vﬂ]r‘béfim@% MErgEEng ned by
shaking with di ltH%fdrgc%ﬁic%ﬁjc{? bi carbonate solution and extracted wth ethyl
acetate. The sol NS0 le in both phases is filtered off with suction.
The 15 ethyl acetate phase also contains small amgunts of the free base.
Exanpl e 9A Met hyl cyanonet hyl (et hyl ) car bamat e N O20 CH3 0 e NOV
2006 -32 prepared in analogy to: Q Li, D.T, Cl ai borne, C S

Cooper, C M Lee, J.

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 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 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
I _on
o0
/ N~ 0
N//\I

20 CH,



Med. Chem 1996, 39, 3070-3088. Exanple 10A 5 Sodium

(E) - 2- cyano- 2- [ ( net hoxycar bonyl ) (net hyl ) ami noj et henol ate Na 0 O N  &#8Y 2006
CH3 0.46 g (0.01 mmol) of sodium nmet hoxide is added under argon to
tetrahydrofuran ~ (solution A). Then 1.00 g ¥9:01 nmmol) of nethyl

cyanonet hyl (net hyl ) carbamate 10 from Exanple 9A is added to 1.73 g (0.02
mml ) of ethyl formate. Solution Ais slowy added dropwi se to this mxture.
The mixture is @fdpﬁfeﬁdnaﬁlalBEyQUegnLgfIDT Tha, AS@iXiBbinel € S O0D6SRE I@MVED deNT.
vacuo in a rotary evaporator, and diethyl ether is added to the residue.
The crystals whiMgd. Ghom.1986.3988¢)-3088.are filtered off with suction and
dried under high vacuum 15 Yield: 1.05 g (76% of theory) HPLC (Method 4):
R =1.35 mn. '"HNW (200 MHz, DVMSO-do): 6 = 2.90 (d, 1H), 3.35 (s, 3H),
3.47 (s, 3H). O a%G -33 Exanpl es Exanple 1 Ethyl

4-am no-2-[ 1-(2- zyl)-1H pyrazol o[ 3, 4-b] pyridin-3-yl]-5- 5

pyri m di nyb( met $piueafl)dvegaaoR-[fmethoxycarbonyl)(methyl)amino]ethenolate

Na" o
/u\ ~CH,

CH3

N/

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 cyanomethyl(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 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 with suction and
dried under high vacuum.
15 Yield: 1.05 g (76% of theory)
HPLC (Method 4): Ry = 1.35 min.
TH-NMR (200 MHz, DMSO-dg): & = 2.90 (d, 1H), 3.35 (s, 3H), 3.47 (s, 3H).



NNN ZNCN\ N2 NCH3 OO H3C Under argon, 0.80 g (2.61 mmol) of

1- (2-fl uorobenzyl)-1H pyrazol o[ 3, 4-b] pyri di ne- 3-car boxam di ne fg(grngﬁxzmrpl e
6A, 0.51 g (2.86 mmol) of sodium (E)-2-cyano-2- 10

[ (et hoxycar bonyl ) ( net hyl ) am no] et henol at e-B88em Exanpl e 10A and 0.53 g (0.73
m, 5.23 mmol) of triethylamne are added to 50 ml of toluene. The m xture
is heated under reflux for 9 hours. It is then cooled to RT again and is
m xed and extrggipgad th dichloromethane and water. The organic phase is
dried over nagnesl ul phate, filtered and concentrated in vacuo in a
rotary evaporator. The 15 residue is mxed with 5 m of diethyl ether and
crystallizes therewith. The crystals are filtered off with suction, dried
and purified b ive RP-HPLC. Yield: 20.2 ng (2% of theory) LC M5

y
Method 2): Rt =.3 01 ni 1) 1 7,5 .A08 © 20 AH 300 M,
VEO d6) - ) E 3.‘%tgyl(%?‘wg’ﬁjz,'@égu%@?e@j1*@!’3&%&%@42?@233’“%%3%75‘.('42 (m 5H),
8.20 (s, 1M, 8. Sfinkiyliheihy)BuBdmk@d, 1H), 9.27 (br. s, 2H). O8NOV2006 - 34
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Under argon, 0.80 g (2.61 mmol) of 1-(2-fluorobenzyl)-1H-pyrazolo[3,4-bjpyridine-
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 053 g
(0.73 ml, 5.23 mmol) of triethylamine are added to 50 ml 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 ml 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-ds): & = 3.09 (s, 3H), 3.29 (s, 3H), 5.83 (s, 2H), 7.09-
7.42 (m, SH), 8.20 (s, 1H), 8.64 (dd, 1H). 8.94 (dd, 1H), 9.27 (br. s, 2H).



Exampl e 2 Et hyl _

4, 6-di am no-2-[ 1- (2- f | uor obenzyl ) - 1H pyr azol o[ 3, 4- b] pyri di n- 3- yI1J 8 80V 2005
pyrimdinylcarbamate F b N NN NN HNNHO--~ 0O 5 CH3 107.35 ng
(0.31 mol ) of 2-[1-(2-fluorobenzyl)-1H pyrad%el o[ 3,, 4-b] pyridin-3-yl]-

4,5 6-pyrimdinetriamne trihydrochloride from Exanple 8A are added to 5 ml
of pyridine, and the mxture is cooled to OC. 33.25 ng (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 pfivanipled@ by preparative RP-HPLC. Yield: 56.2 ng (43% of
theory) LC/ M5 thod 1): R

, (52,66 min 15 VS (EI)[: mz = 423 (MH)'
"H NVR (300 MHz Etbldes-dgmines?-L1-{2-fiporobgazyl)y] H-ppgazow[ H4-blpyridin-gylbdy | ' 5. 80
(s, 2H), 6.14 é)%lqi@iyyl%gpoglaz?m'rl? (m 2H), 7.22 (t, iH. 7.29-7.40 (in,

2H), 7.97 (br. d, 1H), 9.07 (d, IH).
F

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
18 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-dq): & = 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).



08NOV2006 -35 Exanple 3 Isopropyl 4,6-diamno-2-[1-(2-fluorobenzyl ) 1

H pyrazol o[ 3, 4-b] pyri din-3-yl]-5- pyrimdinylcarbamate F b N NN N NHB NOV 2006
HZN NH O ---~ 10 H3C \ CH3 5 Prepared in analogy to Exanple 2 with 150

ng (0.43 mol) of 2-[1-(2- fluorobenzyl)- 1'$w5pyrazolo [ 3, 4-b] pyridin-3-yl]
-4,5,6-pyrimdinetriamne trihydrochloride from Exanple 8A, 7.5 m of

pyridine and 52.47 ng (0.43 nmmol) of isopropyl chloroformate. The residue

is taken up in q.;xd' ¢ @ronet hane/ net hanol 10 mixture, filtered and dri ed.
Yield: 165 nmg ( theory) LC/ M (Method 1): R =2.84 mn M (E): mz

= 437 (M+H) + Isopropy14 6-diamino-2-{1-(2-fluorobenzyl)-1H- pyrazolo[3 4-b]pyridin-3-yl]-5-

pyrimidinylcarbamate

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 mi of pyridine and 52.47 mg (0.43 mmo!) 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): Ry = 2.84 min

MS (ED): 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).



"H-NWR (300 MHz, DMBO-d6): S = 1.26 (d, 6H), 4.82 (quin., IH, 5.92 (s, 2H),
15 7.07-7.20 (m 2H), 7.25 (t, IH). 7.31-7.43 (m 2H), 7.47-7.57 (m |H),
8.16 (br. s, 1H), 8.74 (dd, IH), 8.98 (dd 1H) - 36- 08NOV2006 le 4
Neopent yl 0 Hmo%e

4, 6- di am no- 2- [1 (2-fluorobenzyl) - 1H—pyrazo| 0[3 4-b] pyridin-3-yl]-5-
pyrlmdlnylcarbamate Fb NNN NN "~NHZH N Q H3~Ch3/ 5 H3C

Prepared in analmgmpl@4 Exanple 2 with 100 ng (0.29 mml) of 2-[1-(2-

fl uorobenzyl)-1 pyrazol o[ 3, 4-b] pyridin-3-yl]-4,5,6-pyrimdinetriamne
trihydrochl ori déJemeﬁle(@rdptlmanﬁﬂ (152 fluoatbepzyt}-tH ryranotb[ 33-bigyridin 39ylhfrol ) of
10 neopentyl chl oroc rtion Yield: 54 ng (41% of theory) LC/ Ms (Method
1): R = 3.10 miP¥" g ampie, — 465 (MtH)' ' H NVR (400 MHz, DVMSO-d6): 8 =
0.95 (br. s, 9H, 3. 74 (s, 2H), 5.79 (s, 2H), 6.10

F

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): Ry =3.10 min

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

"H-NMR (400 MHz, DMSO-ds): & = 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).



15 (br. s, 4H), 7.08-7.17 (m 2H), 7.22 (t, 1H), 7.29-7.39 (m ZI;D@%S)
(br. s, 1H), 8.60 (dd, 1H), 9.06 (dd, 1H). 0O 8 NOV 2006 -37 Exé!r‘%prlI 6
Met hyl 4, 6-di ami no-2-[ 1-(2-fluorobenzyl)-1 H pyrazol o
[3,4-b]pyridin-3-yl]-5- pyrimdinylcarbanat® #+ NNNN NNH2 HZN NH O --~
O H3C5 30.5 g (87.0 muol ) of

2-[1-(2-fluorobenzyl)-1H pyrazol o[ 3, 4-b] pyridin-3-yl]-4,5, 6-

pyri m di netri amgxaniplé Hydrochl ori de from Exanpl e 8A are dissolved in 30 m

of pyridine. The resulting solution is cooled to 0C. 8.22 g (87.0 mml) of
met hyl  chl or of Metatld. Gfiemaaned! -(2rflyordbenzyix i Hparazelofd Ablexndm-304-5or a
further 2 hours. I.t.c'i.s 10 sut%sequently allowed to warmto roomtenperature
and is stirred PHTUCRYERPAPAS, * hours. After concentration in vacuo, the
residue is washed with water and dried. Further purification is effected by
stirring in 300 mM of boiling diethyl ether. TH

e
N
P,
v N

O
/
Cc

30.5 g (87.0 mmol} of 2-[1-(2-fluorobenzyl)-1H-pyrazolo[3,4-b]pyridin-3-y1}-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
i 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)
135 LC/MS (Method 1): Ry=2.61 min
MS (ED): 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).



precipitated product is filtered off with suction and dried in vacuo. Yi el d:
32.6 g (92% of theory) 15 L MsS (Method 1): RA—261 mn M (El): mz = 409
(MtH " " H NWR (400 MHz, DVMSO-d6): S = 3.61 gg 5.80 (s, 2H), D?N@@Ztﬁ]?r
s, 4H), 7.08- 7.16 (m 2H), 7.22 (t, 1H), 8- 7. 39 (m 2H), 7.99

1H), 8.60 (dd, 1H), 9.05 (dd, 1H). -38 - 08NOV200S Exanple 6 Ethyl

4, 6-di am no-2-[1-(2-fluorobenzyl)-1 H pyrazol o[ 3, 4-b] pyridin-3-yl]-5-
pyrlmdlnyl(net@x_)_lﬂljanater NNNN N~NHz HZINCH3 105 CH3 54 ngy
(0.13 mmol ) of et 4, 6-di am no-2-[1-(2-f orobenz¥ ) - 1H—pyrazo| o[ 3, 4-

b] pyri di n-3-yl ] E@}%M @ﬁd%ﬂ?ﬂ&hﬂ%&iﬁﬁ@éew&n%@wp Rbiwrdintdy!ty 5 n of

DV, qihe mxtu nd 7.67 mg (0.19 mol) of sodium hydri de
are added. Ii’%ﬁﬁdlﬁ}qajﬂgtﬂylt)&r@a%at@

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 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

stimed 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-ds): 8 = 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).



10 Then 18.14 ng (0.13 mml) of iodonmethane are added dropw se, and the

m xture is stirred for one hour. The mxture is mxed with water and
extracted with dichloronmethane. The conbi ned organi c phases are i er
magnesi um sul phate and concentrated in a r¥tary evaporator. The Fesidue is
purified first by colum chromatography (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 M5 (Method 2): Rt =2.91 mn M (El): mz = 437

(MrH)' ' H- NVR (200 MHz, DVBO-d6): S = 08 (t, 3H), 2.99 (s, 3H), 2.93-4.11
(m 2H), 20 5. Bxample?H), 6.35 (br. s, , 7.06-7.14 (m 2H), 7.16-7.28

(28]061H)E;< aZTplzg ;I%E)B%’r Epyl %Il_g dlammo-z([ﬁjcaz fful_deenzy(?) Hgldp%i'az%l_c')[lﬁb?g);ﬁd?ng-yl -5-
4, 6- di am no- 2- [# gmilh Qﬁ%ﬁ%&nw pyrazol o[ 3, 4- b] pyri di n-3-yl ] -5-
y

pyri m di nyl (met I)car mat e NNN / N N~NHZ HZN~CH3 O
F
o9
N
P,
N
N7\
— NH,
RN N—CH,
04
O
HCJ\
5 3 CH,

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 10odomethane. The residue is purified by preparative RP-HPLC.

Yield: 32 mg (41% of theory)

LC/MS (Method 1): R;=2.97 min

MS (ED): m/z = 451 (M+H)"

'H-NMR (300 MHz, DMSO-dg): 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)- 1 H-pyrazolo(3,4-b}pyridin-3-yl}-5-
20 pyrimidinyl(methyl)carbamate |



O 5 H3CACH3 Prepared in analogy to Exanple 6 with 75 ng (0.17 mmol ) of

i sopropyl 4, 6-di am no- 7 g KOV 2000
2-[1-(2-fluorobenzyl)-1H pyrazol of 3, 4-b] pyri di n-3-yl]-5-pyrim di nyl car bamat e
from Example 3,.10.31 nmg (0.26 nmol) of sof®um hydride and 24.4 ng (0. 17
mmol ) of 10 iodonethane. The residue is purified by preparative RP-HPLC
Yield: 32 ng (41 % of theory) LM (Method 1): R4 = 2.97 mn M (El): mz
= 451 (M+tH)' 'H NWR (300 MHz, DMSO-d6): S = 1.9 (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 . Exanpl e 8 Met hyl

4, 6-di am no-2-[ 1-(2-fl uorobenzyl)-1H pyrazol oyridin-3-yl]-5- 20
p

yrinidinyl(nethyl)carbanateaBIVClJlaOOS NMNM N Y/-N~NHZ H2N

NtH3 G _ N\

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

5 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.

10 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-
15 blpyridin-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 IM 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
20 temperature, and the reaction is stopped by adding saturated aqueous ammonium

chloride solution. The phases are separated. The aqueous phase is extracted several



CH3 Prepared in analogy to Exanple 6 with 310 ng (0.76 nmol) of

net hyl 4, 6- di ani no- ) § HOV 206
2-[1-(2-fluorobenzyl)-1H pyrazol of 3, 4-b] pyri di n-3-yl]-5-pyrim di nyl car bamat e
from5 Exanple 5, 27.32 ng (1.14 mol) of s8lrum hydride and 215.5 ng (1.52
mol ) of iodonethane. The m xture is worked up by addi ng water and 2 nol ar
pot assi um hydroxi de solution and extracting wi th dichloronethane. The

conbi ned or gani aimghaith Sethyleacdtate dndvididhisrageeiahel NTls bpiabined astgarto pESIRE et ed
in arotary evaporator. The residue_is purified by preparative RP-HPLC. 10
Yiel d: 93 ng (299pemimisddn ypcuoa dhe resiing pbtainegsinithis Vesgrip suspandstd iEranisiuge 8f can

e e Y Al E g DB o ol AR bl Y
b] pyri di n-3-yl | -%iyipyiidtioh GndhkeanGribhhhid N Th AL R réfitkdd 55 6hy BGur AP 7
mM of tetrahydrofuran and cooled to 0C. 53.9 nl (49.0 nmol of a 1M solution
in tﬁ] r ahyidr of woa?r)gl,ghe pnebﬂtpltavag?{d( hasi s![egarhlyﬂsmut %sl%lgm:cﬂﬁfaﬂm radddgﬂ ghgmma’ise
over e course of, m nutes. Afte rri.ng a or . mn,
(53.9 mmol) of mé@&%@»@fﬁ%ﬁ@p@}d@d&aa‘é@fﬂi‘%gvxwfmape@ﬂégwﬁpfw@hw(?ﬂ)
all owed to warmtq raop 8811@%@”?6”1{1‘{ ldﬁemet M?? aﬁﬂé‘&ﬂfnﬁg a §1ﬁ:§} ORRESh Prms.

am ep

addi ng sat urat ed" agueous nrum  chl'oride sol utron. ases are

separat ed. The ageteausl dfamcsiadda) ahdeHeodixtiréas Bbilgl Bfll 20@iteredtlottthidRgh
with ethyl acetate and di chl oronet hane. The conbi ned organi c phases are

concentrated in kiesslgwhr. TRBe r wdutinne obingdniy this WaY sisweyapprted 4o ediniassi Ahe
m xt ure of 0di ch| oreom%th 18 4 nd tetrah %rof%rsglneéja;t%g. ‘[Qe igt%lglhljlgl e hour
crystals a)re fi11eRee s i BR & IS8R0 akEh up TR FEPHANGT O PRE )
mxture is refl urpdwhitd cr9fglshedfilteréd b8 Wwith 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-de): & = 3.01 (s, 3H), 3.57 (s, 3H), 592 (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).




5 cooling, the precipitate which has separated out is filtered off. The red
solid obtained in this way is suspended in 100 m of a m xture of dioxane
and dichl oronethane (1:1) and, while boiling, 20 ml of methanol a8 NaHddes
until a clear solution fornms. Activated carbon is added, and the m xture is
boiled briefly and filtered hot through kieselguhr. The sol ution obtai ned
inthis way is evaporated to dryness. The 10 suspension after taking up in
met hanol is sti Exesipl€9room tenperature for one hour. The white crystals
are filtered off with suctlon Yield: 14.9 % (72% of theor LC( M5 (Met hod
3): Rl= 1.85 ni FOPOBY(El) ! fmhémmoz@zél (Ml rpbarzyl )¢ yprrag Q]@by fupyrovsbye): S
= 3.01 (s, 3H), 9 705.7.17(m 2H), 7.18-7.46
(m 3H), 7.47- 71"%‘1‘%&@@@@‘3@32@% 97’ (m oH), 8.71- 8.81 (m 1H), 8.97 (dd,
1H). OBNOV2006 -42 Exanple 9 Isopropyl 4,6-diam no-2-[

1- (2-fl uorobenzyl)-1H pyrazol o[ 3, 4- b] pyr|d| n- 3 yl]-5-

pyrimdinyl (ethyl)carbamate F b N N N/ HZN N- -\
N
e
PO/,
N
N7\
— NH,
NN

5 H,C CH,
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): R¢=2.97 min
MS (ED): /z = 465 (M+H)"

15 'H-NMR (200 MHz, DMSO-dg): 8 = 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).



CH3 O ~O 5 H3CXCH3 Prepared in analogy to Exanple 6 with 60 ng (0.14 nmol)
of isopropyl 4,6-diam no- 08 NOV 2008
2-[1-(2-fl uorobenzyl)-1H pyrazol of 3, 4-b] pyridi n-3-yl]-5-pyrim di nyl car bamat 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 reaction, the sane anmobunt of sodium
hydri de and i odoethane are added once 4#gain. The residue is purified by
preparative RP-HPLC. Yield: 43 ng (67% of theory) LM (Method 1): R =
2.97 min M (E): mz = 465 (MtH' 15 '"H NWR (200 Mz, DVMSO-d6): S =
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), 7.01-7.24 (m 2H), 7.15-7.50 (m 3H), 8.60 (dd,
1H), 9.09 (dd, 1H). p 6 NM 2006 -43 Cains 1. Conpounds of the formula
(1) Rt HZz " j 44N NN~ 1 ~\NN'(n. F in which R |s-NR3C(=0) OR

Claims

1. Compounds of the formula (1)

’

in which

R! s -NRC{=O)ORS,

R? is hydrogen or NHg,

R3 ia hydrogen or {C4-Cy)-alkyl,
R4 ig (C4-Cg)-alkyl,



R2 is hydrogen or NH2, R3 is hydrogen or (Cl-C4)-alkyl, R4 is (Cl-Cs}alkyl,
D B NOV 2006 - 44 and salts, isoners and hydrates thereof. 2. Conpounds
according to daim1l1, in which Rl is -NR3C(=O)OR4, R2 is hydrogeny pNiWaRe
R3is (Cl-C4)-alkyl, R4 is (Cl-C4)-alkyl, and salts, isonmers and hydrates
t hereof. 3. Conpounds according to Claim1, in which R is -NR3C(=0 OR4.
R2is NH2, R3 is nethyl or ethyl, R4 is4rethyl, ethyl or isopropyl, and
salts, isoners and hydrates thereof. 4. Conmpound according to Cl aim1 having
the foll ow ng structure: r£e¥ h¥l 4, 6-di am no- 2-[ 1- ( 2- 6uor obenzyl ) -1
H pyr azol of 32H BF PP Ao %  pyri ni di nyl (met hyl ) carbamate F b N
2. Compounds according to Claim 1,
in which
R?is -NR3C(=0)OR¢,
R2 js hydrogen or NH,,
R3is (C4-Cy)-alkyl,
R4 is (C4-Cy)-alkyl,
and salls, isomers and hydrates thereof.

3. Compounds according to Claim 1,
in which
R! is -NRIC(=0}ORY,
RZis NH,,
] R? is methyl or ethyl,
R4 is methyl, ethy! or iscprapyl,
and salls, isomers and hydrates thereof.

4. Compound according to Claim 1 having the following structure:

mathyl 4,6-diamino-2-[1-(2-flucrobenzyt)-1H-pyrazolof3.4-b]pyridin-3-yl]-5-pyrimidinyi{methyl)carbarmate

F
N |
e
- / /
N
N7 \
~ /) NH,
HZN N-"CH:
o)\?
CH,

and the salts, isomers and hydrates thereof.
5. Compound according to Claim 1 having the following structure:

methy! 4,8-diamino-2-[1-(2-fluorobenzyl}-1H-pyrazolo[3,4-b]pyridin-3-yi-5-pyrimidinylcarbamate



N A/ N ~NHZ H2N N~CH3 | CH3 and the salts, isomers and hydrates

t hereof. 5. Conpound according to Claim | having the follow ng striigtdyéns
nmet hyl 4, 6-di am no- 2-[ 1- (2-guor obenzyl)-1 H pyrazol o[ 3, 4-b] pyrid
in-3-yl]-5-pyrimdinyl carbamate 08NOV2006 -45 F Nb \ ivNtNN~t NM MN
H OOICH and the salts, isoners and hydrates thereof. 6. Process for the
preparation of conpounds of the formul a4ft) as defined in daimi1,
characterized in that either (A) conpounds of the fornula (la) R4 O-=0O HN

Hs

e

and the salis, isomers ang hydrates thereof.
6. Process for the preparalion of compounds of the formula (1) as defined in Ciaim 1, characterized in that either

[A} compounds of the formula (1a)

in which
R4 is as defined in Claim 1,
are reacted with compounds of the formuta {It)
R3.X1 (ny,
in which

R3 is as defined in Claim 1,



HZN ~-N N N1\ N:NX O (a), in which R4 is as defined in Claim1l, are
reacted with conpounds of the fornmula (Il) R3-X1L (Il), in which R3 is as
defined in aiml. -46- 0 8 NO V 2006 and X1 is a |leaving group, or (B]
t he conpound of the formula (I1l) HZN4 H2 HZN NN NN (rn), \ F is

reacted with conpounds of the fornula (-I4;/) ~ pgNOv 2008

and
X! is a leaving group,

or
[B] the compound of the formula (111)

HzN H 2
H,N \
N Y/
—
N/ \ y,
\N N
(I,
E
is reacted with compounds of the formula (V)
O
CI/LLOR‘ @),
in which
R4 is as defined in Claim 1,
or
[C] the compound of the formula (V)
4)]

is reacted with compounds of the formula (V1)



O CtOorMd
formula (V) NH H2N N~
(Vl) 0 8 NOV 2006
defined in Caiml1l,

in which R4 is as defined in Claim]1l,

"N NF (V)

- 47 CNRO NNa+ ) 3 (M).
to give conpounds of the forrmula (Ib) p4 R3 NH2 N N%

or (C] the conpound of the

Is reacted with conpounds of t | a
R in which R3 and R a@gNgvs)im

~N N (7b)r

10.

11.

12.

13,

-47-
CN
Rt\o )%/0- Na’
. (v,
R
in which
R? and R? are as defined in Claim 1,
to give compounds of the formula (Ib)
ﬁ‘
Q
R NH,
2\
\ /
==
Nf \ s
N N
(Tb),
F

in which
R and R* are as defined in Claim 1.
Compounds of the formula (1) as defined in Claim 1 for the treatment of disarders.

Medicament comprising at lzast one compound of the formula () as defined in Claim 1, and at laast one further
exciplent,

Medicament comprising at least one compound of the formula {1} as defined In Claim 1 in combination with at least
one organic nitrate or NO donor.

Medicament comprising at least one compound of the formuia (1) as definad in Clalm 1 in combination with al least
one compound which inhibits the breakdown of cyclic guanosina monophosphate (¢cGMF).

Use of compounds of the formula (I} as defined in Claim 1 for producing medicaments for the treatment of cardie-
vascular disorders.

Use of compounds of the formula (1) as defined in Claim 1 for producing medicamenis for the treatment of hyper-
tension.

Use of compounds of the formula (1) as defined In Claim 1 for producing medicaments for the treatment of throm-



Fin which R3 and R4 are as defined in Caim1. 7. Conpounds of the formula
(I). as defined in Gaim1l for the treatnment of disorders. S. Mdig @mpm
conprising at |east one conmpound of the fornula (1) as defined in 6l
and at | east one further exciplent. 9. Medicanent conprising at |east one
conpound of the formula (1) as defined In Caim1 In conbination with at

| east one organic nitrate or NO donor:-480. Medi cament conprising at |east
one conpound of the fornula (1) as defined In Claim1l in conbination with at
| east one coupmoradid B isthadmidal t s t he breakdown of cyclic guanosine
nonophosphate (cGwW). 11. Use of conpounds of the fornula (1) as defined in
Cl ai m 1 f o4 Preothauponny's pidtifemyiash essdefined in Clim 1(far eredurizarmediedmeniiprihedeatmentdt sexes)

di sorders. 1%shndics. e&?”@!‘b#ﬁ@ﬁiﬁd&"%ﬁ‘m"taﬂ@’ fetﬂi"?ﬁ?ﬂ&' -’t"}"’“‘&% defi ned i n d al m1 for

Pr oduci ng 9' Ca nts i s1 errrE s ¥lP E clePne Ialm1aream
conpounds Bf U :E M"ﬁ i’? %g}?ﬂo i mw.% U5 ool Wearent s
for the trea{nﬁmgl(q,e kéot]:ﬁ&'&’}c di'sorders and

i schaem as. . conpounds of e forrrul a (I) as defined in Claim1l
for produci ng msdl carrents for the treat ment of sexual dysfunction,
especially of erectile dysfunction and of female sexual dysfunction. 15. Use
according to any of Clains 11 to 14, where conpounds of the fornmula (1) as
defined in Caiml are enployed in conbination with at |east one organic
nitrate or NO donor or In conmbination with at | east one conpound which

i nhibits the breakdown of cyclic guanosi ne nonophosphate (cGWP).




