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BENZYL-1H-PYRAZOLO[3,4-B]PYRIDINES AND USE THEREOF

The present application relates to novel benzylpy¥azolo[3,4-b]pyridines, to processes for their
preparation, to their use alone or in combinatimmghe treatment and/or prophylaxis of diseases,
and to their use for producing medicaments forttbatment and/or prophylaxis of diseases, in

particular for the treatment and/or prophylaxicafdiovascular disorders.

One of the most important cellular transmissioneys in mammalian cells is cyclic guanosine
monophosphate (cGMP). Together with nitrogen mat®xiNO), which is released from the
endothelium and transmits hormonal and mechanicmlals, it forms the NO/cGMP system.
Guanylate cyclases catalyse the biosynthesis of RGidm guanosine triphosphate (GTP). The
representatives of this family known to date candivéded into two groups either according to
structural features or according to the type digs: the particulate guanylate cyclases which can
be stimulated by natriuretic peptides, and thetdelguanylate cyclases which can be stimulated
by NO. The soluble guanylate cyclases consist af $wbunits and very probably contain one
haem per heterodimer, which is part of the regmjatentre. This is of central importance for the
activation mechanism. NO can bind to the iron amithaem and thus markedly increase the
activity of the enzyme. Haem-free preparations ognioy contrast, be stimulated by NO. Carbon
monoxide (CO) is also able to bind to the centiah iatom of haem, but the stimulation by CO is

much less than that by NO.

By forming cGMP, and owing to the resulting regidatof phosphodiesterases, ion channels and
protein kinases, guanylate cyclase plays an impbrle in various physiological processes, in
particular in the relaxation and proliferation eh@th muscle cells, in platelet aggregation and
platelet adhesion and in neuronal signal transomnssind also in disorders which are based on a
disruption of the aforementioned processes. Undéngphysiological conditions, the NO/cGMP
system can be suppressed, which can lead, for d&ar hypertension, platelet activation,
increased cell proliferation, endothelial dysfuantiarteriosclerosis, angina pectoris, heart fajlur

myocardial infarction, thromboses, stroke and skdysfunction.

Owing to the expected high efficiency and low legélside effects, a possible NO-independent
treatment for such disorders by targeting the aflze of the cGMP signal pathway in organisms is

a promising approach.

Hitherto, for the therapeutic stimulation of théudde guanylate cyclase, use has exclusively been
made of compounds such as organic nitrates whdset & based on NO. The latter is formed by

bioconversion and activates soluble guanylate egclay attack at the central iron atom of haem.
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In addition to the side effects, the developmentotdrance is one of the crucial disadvantages of

this mode of treatment.

Some years ago, a number of substances have bseribdd which stimulate soluble guanylate
cyclase directly, i.e. without prior release of N&uch as, for example, 3-(5'-hydroxymethyl-2'-
furyl)-1-benzylindazole [YC-1; Wu et al., Blood 84994), 4226; Milsch et al., Brit. J. Pharmacol.
120 (1997), 681]. The more recent stimulators dfitde guanylate cyclase include among others
BAY 41-2272, BAY 41-8543 and riociguat (BAY 63-252(ee, for example, Stasch J.-P. et al.,
Nat. Rev. Drug Disc. 2006; 5: 755-768; Stasch JetPal., ChemMedChem 2009; 4: 853-865.
Stasch J.-P. et al., Circulation 2011; 123: 22633}2 Interestingly, some of these sGC
stimulators, for example YC-1 or BAY 41-2272, aésdibit PDE5-inhibitory action in addition to
direct guanylate cyclase stimulation. In order tcaximize the cGMP pathway, it is
pharmacologically desirable to stimulate the sysithedf cGMP and simultaneously to inhibit
degradation via PDE-5. This dual principle is padarly advantageous in pharmacological terms
(for example, Oudout et al., Eur. Urol. 2011; 6020-1026; Albersen et al., J Sex Med. 2013; 10,
1268-1277).

The dual principle is fulfilled in the context ohd present invention when the inventive
compounds exhibit an effect on recombinant guaaytgtlase reporter cell lines according to the
study in B-2 as the minimal effective concentnat{MEC) of < 3 uM and exhibit inhibition of
human phosphodiesterase-5 (PDE5) according taidy &1 B-3 as 1G, < 100 nM.

Phosphodiesterase-5 (PDES) is the name of oneeaérilymes which cleave the phosphoric ester
bond in cGMP, forming 5'-guanosine monophosphaté&s(@P). In humans, phosphodiesterase-5
occurs predominantly in the smooth musculature hef torpus cavernosum penis and the
pulmonary arteries. Blockage of cGMP degradationirthybition of PDE5S (with, for example,
sildenafil, vardenafil or tadalafil) leads to inaeed signals of the relaxation signalling pathways
and specifically to increased blood supply in tbepas cavernosum penis and lower pressure in
the pulmonary blood vessels. They are used fotriverat of erectile dysfunction and of pulmonary
arterial hypertension. As well as PDE5, there amhér cGMP-cleaving phosphodiesterases
(Stasch et al. Circulation 2011; 123, 2263-2273).

As stimulators of soluble guanylate cyclase, WO08868 and WO 00/06569 disclose fused
pyrazole derivatives, and WO 03/095451 discloses rbagaate-substituted  3-
pyrimidinylpyrazolopyridines. 3-Pyrimidinylpyrazgbgridines with phenylamide substituents are
described in E. M. Becker et al., BMC Pharmacolagfl3), 2001. WO 2004/009590 describes
pyrazolopyridines with substituted 4-aminopyrimignfor the treatment of CNS disorders. WO
2010/065275 and WO 2011/149921 disclose substifyelo- and dihydropyridopyrimidines as
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sGC activators. As sGC stimulators, WO 2012/0042&€ribes fused aminopyrimidines, and WO
2012/004258, WO 2012/143510 and WO 2012/152629dfysegimidines and triazines. WO
2012/28647 discloses pyrazolopyridines with varioagaheterocycles for treatment of

cardiovascular disorders.

It was an object of the present invention to previthvel substances which act as stimulators of
soluble guanylate cyclase and also as stimulatofs saluble guanylate cyclase and
phosphodiesterase-5 inhibitors (dual principle) dmrade an identical or improved therapeutic
profile compared to the compounds known from thergart, for example with respect to théir
vivo properties, for example their pharmacokinetic @hdrmacodynamic characteristics and/or

their metabolic profile and/or their dose-activigfationship.

The present invention provides compounds of thegariormula (1)

R
RZ
R4
H.C N
3 AN \ 1 H
| N R
/
5 =
R
N
N\
N
—
HN R
R?
© 0)

in which
R represents hydrogen or fluorine,
R? represents hydrogen or fluorine,
R® represents hydrogen, chlorine or fluorine,
R represents hydrogen, chlorine, fluorine or methyl,

with the proviso that at least two of the radidgisRé, R or R are different from hydrogen,

R® represents hydrogen or fluorine,
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R® represents methyl,
R’ represents methyl,
or

R® and R together with the carbon atom to which they atachied form a cyclopropyl ring,
and the N-oxides, salts, solvates, salts of thexides and solvates of the N-oxides or salts thereof

Compounds according to the invention are the comgewf the formula () and their salts,
solvates and solvates of the salts, the compouwmaprised by formula (1), of the formulae
mentioned below and their salts, solvates and t8vaf the salts and the compounds comprised
by formula (1), mentioned below as working exampke®d their salts, solvates and solvates of the
salts, if the compounds, comprised by formulartigntioned below are not already salts, solvates

and solvates of the salts.

Preferred salts in the context of the present itiwarare physiologically acceptable salts of the
compounds according to the invention. Also encompdsare salts which are not themselves
suitable for pharmaceutical applications but camsed, for example, for isolation or purification

of the compounds according to the invention.

Physiologically acceptable salts of the compourmd®mling to the invention include acid addition

salts of mineral acids, carboxylic acids and sulptacids, for example salts of hydrochloric acid,

hydrobromic acid, sulphuric acid, phosphoric aodthanesulphonic acid, ethanesulphonic acid,
toluenesulphonic acid, benzenesulphonic acid, mapdnedisulphonic acid, formic acid, acetic

acid, trifluoroacetic acid, propionic acid, lactcid, tartaric acid, malic acid, citric acid, furicar

acid, maleic acid and benzoic acid.

Physiologically acceptable salts of the compourat®m@ing to the invention also include salts of
conventional bases, by way of example and withgpegfce alkali metal salts (e.g. sodium and
potassium salts), alkaline earth metal salts @lgium and magnesium salts) and ammonium salts
derived from ammonia or organic amines having 1@ocarbon atoms, by way of example and
with preference  ethylamine, diethylamine, trietimyiiae, ethyldiisopropylamine,
monoethanolamine, diethanolamine, triethanolamitieyclohexylamine, dimethylaminoethanol,
procaine, dibenzylamine, N-methylmorpholine, angii lysine, ethylenediamine and N-

methylpiperidine.

In the context of the invention, solvates refethose forms of the compounds according to the

invention which, in the solid or liquid state, formm complex by coordination with solvent
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molecules. Hydrates are a specific form of solvatesvhich the coordination is with water.

Preferred solvates in the context of the presemrition are hydrates.

Where the compounds according to the invention @ecur in tautomeric forms, the present

invention encompasses all the tautomeric forms.

The present invention also encompasses all suitatepic variants of the compounds according
to the invention. An isotopic variant of a compowatording to the invention is understood here
to mean a compound in which at least one atom mitte compound according to the invention
has been exchanged for another atom of the samécatomber, but with a different atomic mass
than the atomic mass which usually or predominantgurs in nature. Examples of isotopes
which can be incorporated into a compound accordlinghe invention are those of hydrogen,
carbon, nitrogen, oxygen, phosphorus, sulphur riifheo chlorine, bromine and iodine, such?ds
(deuterium)*H (tritium), *°C, *C, N, 70, 0, %P, 3%p, 335, 315, 355 365 18 36C| 2By, 129, 12

129 and™®Y. Particular isotopic variants of a compound adiw to the invention, especially those
in which one or more radioactive isotopes have leeorporated, may be beneficial, for example,
for the examination of the mechanism of actionfathe active ingredient distribution in the body;
due to comparatively easy preparability and dekslityy especially compounds labelled witH

or C isotopes are suitable for this purpose. Furtheemthe incorporation of isotopes, for
example of deuterium, can lead to particular theusip advantages as a consequence of greater
metabolic stability of the compound, for example extension of the half-life in the body or a
reduction in the active dose required; such madtifi;s of the compounds according to the
invention may therefore, in some cases, also dotsta preferred embodiment of the present
invention. Isotopic variants of the compounds adioay to the invention can be prepared by the
processes known to those skilled in the art, fangple by the methods described below and the
procedures described in the working examples, lnygusorresponding isotopic modifications of

the respective reagents and/or starting compounds.

Moreover, the present invention also encompassedrymgs of the compounds according to the
invention. Here, the term "prodrugs" refers to comuds which for their part can be biologically
active or inactive, but are converted (for examphtabolically or hydrolytically) into compounds

according to the invention during their dwell tiinethe body.

In the context of the present invention, the temnedtment" or "treating" includes inhibition,

retardation, checking, alleviating, attenuatingstrieting, reducing, suppressing, repelling or
healing of a disease, a condition, a disordernamy or a health problem, or the development, the
course or the progression of such states and/asymgtoms of such states. The term "therapy" is

understood here to be synonymous with the ternathment".



10

15

-6 -

non

The terms "prevention”, "prophylaxis" or "preclusiare used synonymously in the context of the
present invention and refer to the avoidance oncton of the risk of contracting, experiencing,
suffering from or having a disease, a conditiordisorder, an injury or a health problem, or a

development or progression of such states andéosytimptoms of such states.

The treatment or prevention of a disease, a camgliti disorder, an injury or a health problem may

be partial or complete.

In the context of the present invention, preferesaiven to compounds of the general formula (1)

F
F
H,C N
T,
N
R ~
N
N/ \
N
S
HN CH,
CH,
© 0)
in which
R represents hydrogen or fluorine,

and the N-oxides, salts, solvates, salts of thexides and solvates of the N-oxides or salts thereof

In the context of the present invention, preferesagiven to the compound having the systematic
name 3-[1-(2,3-difluorobenzyl)-5-fluoro-6-methyl-idyrazolo[3,4-b]pyridin-3-yl]-7,7-dimethyl-
5,7-dihydro-6H-pyrrolo[2,3-e][1,2,4]triazin-6-on@d the structural formula (I-A)
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HN CH,
CH,
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(I-A)
and the N-oxides, salts, solvates, salts of thexides and solvates of the N-oxides or salts thereof

In the context of the present invention, preferesagiven to the compound having the systematic
name 3-[1-(2,3-difluorobenzyl)-6-methyl-1H-pyraz[3a-b]pyridin-3-yl]-7,7-dimethyl-5,7-
dihydro-6H-pyrrolo[2,3-e][1,2,4]triazin-6-one anet structural formula (I-B)

F

(I-B)
and the N-oxides, salts, solvates, salts of thexides and solvates of the N-oxides or salts thereof

In the context of the present invention, preferesagiven to the compound having the systematic
name 3-[5-fluoro-1-(2-fluoro-4-methylbenzyl)-6-mgtiH-pyrazolo[3,4-b]pyridin-3-yl]-7,7-
dimethyl-5,7-dihydro-6H-pyrrolo[2,3-e][1,2,4]triari6-one and the structural formula (I-C)
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(I-C)
and the N-oxides, salts, solvates, salts of thexides and solvates of the N-oxides or salts thereof

In the context of the present invention, preferesagiven to the compound having the systematic
name 3-[1-(2-fluoro-4-methylbenzyl)-6-methyl-1H-pgolo[3,4-b]pyridin-3-yl]-7,7-dimethyl-5,7-
dihydro-6H-pyrrolo[2,3-€][1,2,4]triazin-6-one antkt structural formula (I-D)

CH

(I-D)
and the N-oxides, salts, solvates, salts of thexides and solvates of the N-oxides or salts thereof

In the context of the present invention, preferesagiven to the compound having the systematic
name 3-[1-(2,4-difluorobenzyl)-5-fluoro-6-methyl-idyrazolo[3,4-b]pyridin-3-yl]-7,7-dimethyl-
5,7-dihydro-6H-pyrrolo[2,3-e][1,2,4]triazin-6-on@d the structural formula (I-E)
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(I-E)
and the N-oxides, salts, solvates, salts of thexides and solvates of the N-oxides or salts thereof

In the context of the present invention, preferesagiven to the compound having the systematic
name 3-[1-(2,4-difluorobenzyl)-6-methyl-1H-pyraz[3at-b]pyridin-3-yl]-7,7-dimethyl-5,7-
dihydro-6H-pyrrolo[2,3-e][1,2,4]triazin-6-one anet structural formula (I-F)

(I-F)
and the N-oxides, salts, solvates, salts of thexides and solvates of the N-oxides or salts thereof

In the context of the present invention, preferesagiven to the compound having the systematic
name 3-[1-(4-chloro-2-fluorobenzyl)-5-fluoro-6-mgkiH-pyrazolo[3,4-b]pyridin-3-yI]-7,7-
dimethyl-5,7-dihydro-6H-pyrrolo[2,3-€][1,2,4]triazi6-one and the structural formula (I-G)
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(I-G)
and the N-oxides, salts, solvates, salts of thexides and solvates of the N-oxides or salts thereof

In the context of the present invention, preferesagiven to the compound having the systematic
name 3-[1-(4-chloro-2-fluorobenzyl)-6-methyl-1H-pgolo[3,4-b]pyridin-3-yl]-7,7-dimethyl-5,7-
dihydro-6H-pyrrolo[2,3-€][1,2,4]triazin-6-one antkt structural formula (I-H)

E
Cl

(I-H)
and the N-oxides, salts, solvates, salts of thexides and solvates of the N-oxides or salts thereof

In the context of the present invention, preferesagiven to the compound having the systematic
name 3-[5-fluoro-6-methyl-1-(2,3,6-trifluorobenzliH-pyrazolo[3,4-b]pyridin-3-yl]-7,7-dimethyl-
5,7-dihydro-6H-pyrrolo[2,3-e][1,2,4]triazin-6-on@d the structural formula (I-1)
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and the N-oxides, salts, solvates, salts of thexides and solvates of the N-oxides or salts thereof

In the context of the present invention, preferesagiven to the compound having the systematic
name 7,7-dimethyl-3-[6-methyl-1-(2,3,6-trifluorolmst)-1H-pyrazolo[3,4-b]pyridin-3-yl]-5,7-
dihydro-6H-pyrrolo[2,3-€][1,2,4]triazin-6-one andkt structural formula (I-J)

(I-9)
and the N-oxides, salts, solvates, salts of theides and solvates of the N-oxides or salts thereof
In the context of the present invention, preferesagiven to the compound having the systematic

name 3-[1-(3-chloro-2-fluorobenzyl)-5-fluoro-6-mgkiH-pyrazolo[3,4-b]pyridin-3-yl]-7,7-
dimethyl-5,7-dihydro-6H-pyrrolo[2,3-€][1,2,4]triari6-one and the structural formula (I-K)
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(I-K)
and the N-oxides, salts, solvates, salts of thexides and solvates of the N-oxides or salts thereof

In the context of the present invention, preferesagiven to the compound having the systematic
name 3-[1-(3-chloro-2-fluorobenzyl)-6-methyl-1H-pgolo[3,4-b]pyridin-3-yl]-7,7-dimethyl-5,7-
dihydro-6H-pyrrolo[2,3-€][1,2,4]triazin-6-one antkt structural formula (I-L)

Cl

(I-L)
and the N-oxides, salts, solvates, salts of thexides and solvates of the N-oxides or salts thereof

In the context of the present invention, preferesagiven to the compound having the systematic
name 3-[1-(2,6-difluorobenzyl)-5-fluoro-6-methyl-idyrazolo[3,4-b]pyridin-3-yl]-7,7-dimethyl-
5,7-dihydro-6H-pyrrolo[2,3-€e][1,2,4]triazin-6-on@d the structural formula (I-M)
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(I-M)
and the N-oxides, salts, solvates, salts of thexides and solvates of the N-oxides or salts thereof

In the context of the present invention, preferesagiven to the compound having the systematic
name 3-[1-(2,6-difluorobenzyl)-6-methyl-1H-pyraz[3a-b]pyridin-3-yl]-7,7-dimethyl-5,7-
dihydro-6H-pyrrolo[2,3-€][1,2,4]triazin-6-one antkt structural formula (I-N)

(I-N)
and the N-oxides, salts, solvates, salts of thexides and solvates of the N-oxides or salts thereof

In the context of the present invention, preferesagiven to the compound having the systematic
name 3-[5-fluoro-1-(3-fluoro-4-methylbenzyl)-6-mgtiH-pyrazolo[3,4-b]pyridin-3-yl]-7,7-
dimethyl-5,7-dihydro-6H-pyrrolo[2,3-€][1,2,4]triari6-one and the structural formula (I-O)
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(I-0)
and the N-oxides, salts, solvates, salts of thexides and solvates of the N-oxides or salts thereof

In the context of the present invention, preferesagiven to the compound having the systematic
name 3-[1-(3-fluoro-4-methylbenzyl)-6-methyl-1H-pyolo[3,4-b]pyridin-3-yl]-7,7-dimethyl-5,7-
dihydro-6H-pyrrolo[2,3-e][1,2,4]triazin-6-one anlget structural formula (I-P)

(I-P)
and the N-oxides, salts, solvates, salts of thexides and solvates of the N-oxides or salts thereof

In the context of the present invention, preferesagiven to the compound having the systematic
name 3-[1-(2,3-difluoro-4-methylbenzyl)-5-fluorordethyl-1H-pyrazolo[3,4-b]pyridin-3-yl]-7,7-
dimethyl-5,7-dihydro-6H-pyrrolo[2,3-€][1,2,4]triazi6-one and the structural formula (I-Q)
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CH,
H.C N
3 | N N\N
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N
N/ \
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HN CH,
CH,
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and the N-oxides, salts, solvates, salts of thexides and solvates of the N-oxides or salts thereof

In the context of the present invention, preferesagiven to the compound having the systematic
name 3-[1-(2,3-difluoro-4-methylbenzyl)-6-methyl-dirazolo[3,4-b]pyridin-3-yl]-7,7-dimethyl-
5,7-dihydro-6H-pyrrolo[2,3-e][1,2,4]triazin-6-on@d the structural formula (I-R)

F

CH

© (-R)
and the N-oxides, salts, solvates, salts of thexides and solvates of the N-oxides or salts thereof

In the context of the present invention, preferesagiven to the compound having the systematic
name 3'-[1-(2,3-difluoro-4-methylbenzyl)-5-fluorerdethyl-1H-pyrazolo[3,4-b]pyridin-3-yl]spiro-
[cyclopropane-1,7'-pyrrolo[2,3-e][1,2,4]triazin](6'H)-one and the structural formula (I-S)
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CH

(I-S)
and the N-oxides, salts, solvates, salts of thexides and solvates of the N-oxides or salts thereof

In the context of the present invention, preferesagiven to the compound having the systematic
name 3'-[1-(2,3-difluoro-4-methylbenzyl)-6-methy#-pyrazolo[3,4-b]pyridin-3-yl]spiro-
[cyclopropane-1,7'-pyrrolo[2,3-e][1,2,4]triazin}f6'H)-one and the structural formula (I-T)

F

CH

(I-T)
and the N-oxides, salts, solvates, salts of thexides and solvates of the N-oxides or salts thereof

In the context of the present invention, preferesagiven to the compound having the systematic
name 3'-[5-fluoro-1-(2-fluoro-4-methylbenzyl)-6-rhgt-1H-pyrazolo[3,4-b]pyridin-3-yl]spiro-
[cyclopropane-1,7'-pyrrolo[2,3-e][1,2,4]triazin]f6'H)-one and the structural formula (I-U)
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and the N-oxides, salts, solvates, salts of thexides and solvates of the N-oxides or salts thereof

In the context of the present invention, preferesagiven to the compound having the systematic
name 3'-[1-(2-fluoro-4-methylbenzyl)-6-methyl-1Hrpyolo[3,4-b]pyridin-3-
yl]spiro[cyclopropane-1,7'-pyrrolo[2,3-e][1,2,4]din]-6'(5'H)-one and the structural formula (I-
V)

CH

© (V)
and the N-oxides, salts, solvates, salts of thexides and solvates of the N-oxides or salts thereof

In the context of the present invention, preferesagiven to the compound having the systematic
name 3'-[1-(2,3-difluorobenzyl)-5-fluoro-6-methyHipyrazolo[3,4-b]pyridin-3-
yl]spiro[cyclopropane-1,7'-pyrrolo[2,3-e][1,2,4]din]-6'(5'H)-one and the structural formula (I-
W)
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F
F
H,C N
T
N
P/
F
N
N/ \
N
—
HN

(I-W)
and the N-oxides, salts, solvates, salts of thexides and solvates of the N-oxides or salts thereof

In the context of the present invention, preferesagiven to the compound having the systematic
name 3'-[1-(2,3-difluorobenzyl)-6-methyl-1H-pyraa[8,4-b]pyridin-3-yl]spiro[cyclopropane-1,7'-
pyrrolo[2,3-e][1,2,4]triazin]-6'(5'H)-one and thesctural formula (I1-X)

F

(1-X)
and the N-oxides, salts, solvates, salts of thexides and solvates of the N-oxides or salts thereof

The compounds according to the invention act asntattimulators of soluble guanylate cyclase
and inhibitors of phosphodiesterase-5, have usphdrmacological properties and have an
improved therapeutic profile, for example with respto thein vivo properties thereof and/or the

pharmacokinetic characteristics and/or metabolafilgr thereof. They are therefore suitable for

the treatment and/or prophylaxis of diseases inamgand animals.
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The compounds according to the invention bring ab@gorelaxation and inhibition of platelet
aggregation, and lead to a decrease in blood peessw to a rise in coronary blood flow. These
effects are mediated by a direct stimulation ofibld guanylate cyclase and an intracellular rise in
cGMP. In addition, the compounds according to theition enhance the action of substances
which increase the cGMP level, for example EDRF&thelium-derived relaxing factor), NO

donors, protoporphyrin IX, arachidonic acid or pylegdrazine derivatives.

The compounds according to the invention are sigitédy the treatment and/or prophylaxis of

cardiovascular, pulmonary, thromboembolic and filerdisorders.

Accordingly, the compounds according to the invemtcan be used in medicaments for the
treatment and/or prophylaxis of cardiovascular wiecs such as, for example, hypertension,
resistant hypertension, acute and chronic hedtréicoronary heart disease, stable and unstable
angina pectoris, peripheral and cardiac vasculaordéers, arrhythmias, atrial and ventricular
arrhythmias and impaired conduction such as, fa@mgte, atrioventricular blocks degrees I-llI
(AB block I-1ll), supraventricular tachyarrhythmiatrial fibrillation, atrial flutter, ventricular
fibrillation, ventricular flutter, ventricular tagarrhythmia, Torsade de pointes tachycardia, atrial
and ventricular extrasystoles, AV-junctional exyisteles, sick sinus syndrome, syncopes, AV-
nodal re-entry tachycardia, Wolff-Parkinson-Whiy@drome, of acute coronary syndrome (ACS),
autoimmune cardiac disorders (pericarditis, endiiiay valvolitis, aortitis, cardiomyopathies),
shock such as cardiogenic shock, septic shock araphglactic shock, aneurysms, boxer
cardiomyopathy (premature ventricular contractiBwC)), for the treatment and/or prophylaxis of
thromboembolic disorders and ischaemias such asangial ischaemia, myocardial infarction,
stroke, cardiac hypertrophy, transient and ischaemitacks, preeclampsia, inflammatory
cardiovascular disorders, spasms of the coronaeyies and peripheral arteries, oedema formation
such as, for example, pulmonary oedema, cerebdgroa, renal oedema or oedema caused by
heart failure, peripheral circulatory disturbancesperfusion damage, arterial and venous
thromboses, microalbuminuria, myocardial insufficig, endothelial dysfunction, to prevent
restenoses, for example after thrombolysis thesapiercutaneous transluminal angioplasties
(PTA), transluminal coronary angioplasties (PTClgart transplants and bypass operations, and
also micro- and macrovascular damage (vasculiti€yeased levels of fibrinogen and of low-
density lipoprotein (LDL) and increased concentnagi of plasminogen activator inhibitor 1 (PAI-
1), and also for the treatment and/or prophylaxXiserectile dysfunction and female sexual

dysfunction.

In the context of the present invention, the tetmedtt failure" encompasses both acute and
chronic forms of heart failure, and also more dfedr related types of disease, such as acute

decompensated heart failure, right heart failuedt heart failure, global failure, ischaemic
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cardiomyopathy, dilated cardiomyopathy, hypertrophi cardiomyopathy, idiopathic
cardiomyopathy, congenital heart defects, healriaiassociated with heart valve defects, mitral
valve stenosis, mitral valve insufficiency, aoralve stenosis, aortic valve insufficiency, tricigsp
valve stenosis, tricuspid valve insufficiency, palmary valve stenosis, pulmonary valve
insufficiency, combined heart valve defects, myd@dr inflammation (myocarditis), chronic
myocarditis, acute myocarditis, viral myocarditigabetic heart failure, alcoholic cardiomyopathy,
cardiac storage disorders, diastolic heart failamd systolic heart failure, and acute phases of

worsening of existing chronic heart failure (worisgnheart failure).

In addition, the compounds according to the imamitan also be used for the treatment and/or
prophylaxis of arteriosclerosis, impaired lipid adgnlism, hypolipoproteinaemias, dyslipidaemias,
hypertriglyceridaemias, hyperlipidaemias, hyperebt#rolaemias, abetalipoproteinaemia,
sitosterolaemia, xanthomatosis, Tangier diseaseiposity, obesity and of combined

hyperlipidaemias and metabolic syndrome.

The compounds according to the invention can aafttly be used for the treatment and/or
prophylaxis of primary and secondary Raynaud’s phamnon, of microcirculation impairments,

claudication, peripheral and autonomic neuropathid®betic microangiopathies, diabetic

retinopathy, diabetic ulcers on the extremitiesnggane, CREST syndrome, erythematosis,
onychomycosis, rheumatic disorders and for prongotiound healing. The compounds according
to the invention are also suitable for the treatnodrmuscular dystrophy, such as Becker-Kiener
muscular dystrophy (BMD) and Duchenne muscularrdps$ty (DMD).

The compounds according to the invention are funtioge suitable for treating urological
disorders such as, for example, benign prostatelreyme (BPS), benign prostate hyperplasia
(BPH), benign prostate enlargement (BPE), bladdélebobstruction (BOO), lower urinary tract
syndromes (LUTS, including Feline Urological Synae (FUS)), disorders of the urogenital
system including neurogenic overactive bladder (pABd (IC), incontinence (Ul) such as, for
example, mixed urinary incontinence, urge urinargontinence, stress urinary incontinence or
overflow urinary incontinence (MUI, UUI, SUI, OUlpelvic pain, benign and malignant disorders

of the organs of the male and female urogenitaksys

The compounds according to the invention are funtioee suitable for the treatment and/or
prophylaxis of kidney disorders, in particular @uge and chronic renal insufficiency and acute
and chronic renal failure. In the context of thegant invention, the term renal insufficiency
comprises both acute and chronic manifestation®tficas well as underlying or related kidney
diseases such as renal hypoperfusion, intradialytigpotension, obstructive uropathy,

glomerulopathies, glomerulonephritis, acute  glortmrephritis,  glomerulosclerosis,
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tubulointerstitial diseases, nephropathic diseaseh as primary and congenital kidney disease,
nephritis, immunological kidney diseases such amhdy graft rejection and immunocomplex-
induced kidney diseases, nephropathy induced bic tembstances, nephropathy induced by
contrast agents, diabetic and non-diabetic neplingpa pyelonephritis, renal cysts,
nephrosclerosis, hypertensive nephrosclerosis aptrotic syndrome, which can be characterized
diagnostically for example by abnormally reducedatinine and/or water excretion, abnormally
raised blood concentrations of urea, nitrogen, §8itan and/or creatinine, altered activity of renal
enzymes such as, for example, glutamyl synthetaléered urine osmolarity or urine volume,
increased microalbuminuria, macroalbuminuria, lesimn glomerulae and arterioles, tubular
dilatation, hyperphosphataemia and/or need folysiigl The present invention also encompasses
the use of the compounds according to the invenfiiwnthe treatment and/or prophylaxis of
sequelae of renal insufficiency, for example pulargnoedema, heart failure, uraemia, anaemia,
electrolyte disturbances (for example hyperkalaghmjponatraemia) and disturbances in bone and

carbohydrate metabolism.

Furthermore, the compounds according to the ingandire also suitable for the treatment and/or
prophylaxis of asthmatic disorders, pulmonary @tenypertension (PAH) and other forms of
pulmonary hypertension (PH) including left-heartsadise, HIV, sickle cell anaemia,

thromboembolisms (CTEPH), sarcoidosis, COPD or pukny fibrosis-associated pulmonary
hypertension, chronic-obstructive pulmonary disg&@PD), acute respiratory distress syndrome
(ARDS), acute lung injury (ALIl), alpha-l-antitrypsideficiency (AATD), pulmonary fibrosis,

pulmonary emphysema (for example pulmonary emphgsemuced by cigarette smoke) and

cystic fibrosis (CF). In addition, the compoundsnti@ned can be used as bronchodilators.

The compounds described in the present inventieralso active compounds for control of central
nervous system disorders characterized by distedzof the NO/cGMP system. They are suitable
in particular for improving perception, concentoati learning or memory after cognitive
impairments like those occurring in particular issaciation with situations/diseases/syndromes
such as mild cognitive impairment, age-associaeatning and memory impairments, age-
associated memory losses, vascular dementia, cexeioral trauma, stroke, dementia occurring
after strokes (post stroke dementia), post-trawmatniocerebral trauma, general concentration
impairments, concentration impairments in childrefith learning and memory problems,
Alzheimer’s disease, Lewy body dementia, dementith wWlegeneration of the frontal lobes
including Pick’s syndrome, Parkinson’s disease,gm@ssive nuclear palsy, dementia with
corticobasal degeneration, amyolateral sclerosisSJA Huntington's disease, demyelinization,
multiple sclerosis, thalamic degeneration, Creldzfacob dementia, HIV dementia,

schizophrenia with dementia or Korsakoff's psychodihey are also suitable for the treatment
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and/or prophylaxis of central nervous system disgdsuch as states of anxiety, tension and
depression, CNS-related sexual dysfunctions anepsldisturbances, and for controlling

pathological disturbances of the intake of fooongtants and addictive substances.

Furthermore, the compounds according to the ingantire also suitable for regulating cerebral
blood flow and are thus effective agents for cdntfomigraine. They are also suitable for the
prophylaxis and control of sequelae of cerebrariction (cerebral apoplexy) such as stroke,
cerebral ischaemia and craniocerebral trauma. Tmepounds according to the invention can

likewise be employed for controlling states of paird tinnitus.

In addition, the compounds according to the inmnthave antiinflammatory action and can
therefore be used as antiinflammatory agents ftrdatment and/or prophylaxis of sepsis (SIRS),
multiple organ failure (MODS, MOF), inflammatorysdirders of the kidney, chronic intestinal
inflammations (IBD, Crohn's disease, UC), panctisatiperitonitis, rheumatoid disorders,

inflammatory skin diseases and inflammatory eyeatss.

Furthermore, the compounds according to the ingantan also be used for the treatment and/or

prophylaxis of autoimmune diseases.

The compounds according to the invention are funtioee suitable for the treatment and/or
prophylaxis of fibrotic disorders of the internaijans such as, for example, the lung, the heart, th
kidney, the bone marrow and in particular the ljivaard also dermatological fibroses and fibrotic
eye disorders. In the context of the present irigantthe term fibrotic disorders includes in
particular the following terms: hepatic fibrosisirrisosis of the liver, pulmonary fibrosis,

endomyocardial fibrosis, nephropathy, glomerulomitigh interstitial renal fibrosis, fibrotic

damage resulting from diabetes, bone marrow fisrasid similar fibrotic disorders, scleroderma,
morphea, keloids, hypertrophic scarring (also fellwy surgical procedures), naevi, diabetic
retinopathy, proliferative vitroretinopathy and aliders of the connective tissue (for example

sarkoidosis).

The compounds according to the invention are funtioee suitable for controlling postoperative

scarring, for example as a result of glaucoma djpers

The compounds according to the invention can alsoubed cosmetically for ageing and

keratinized skin.

Moreover, the compounds according to the invent@wa suitable for the treatment and/or

prophylaxis of hepatitis, neoplasms, osteoporggéicoma and gastroparesis.
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The present invention further provides for the othe compounds according to the invention for

the treatment and/or prophylaxis of disorders,drtipular the disorders mentioned above.

The present invention further provides for the othe compounds according to the invention for
the treatment and/or prophylaxis of heart failuaggina pectoris, hypertension, pulmonary
hypertension, ischaemias, vascular disorders, rémalfficiency, thromboembolic disorders,

fibrotic disorders and arteriosclerosis.

The present invention further provides the compsuadcording to the invention for use in a
method for the treatment and/or prophylaxis of tdailure, angina pectoris, hypertension,
pulmonary hypertension, ischaemias, vascular diserdrenal insufficiency, thromboembolic

disorders, fibrotic disorders and arteriosclerosis.

The present invention further provides for the akthe compounds according to the invention for
producing a medicament for the treatment and/oplpyiaxis of disorders, in particular the

disorders mentioned above.

The present invention further provides for the akthe compounds according to the invention for
producing a medicament for the treatment and/ophylaxis of heart failure, angina pectoris,
hypertension, pulmonary hypertension, ischaemiasscuar disorders, renal insufficiency,

thromboembolic disorders, fibrotic disorders angm@osclerosis.

The present invention further provides a methodtiertreatment and/or prophylaxis of disorders,
in particular the disorders mentioned above, usingeffective amount of at least one of the

compounds according to the invention.

The present invention further provides a methodthar treatment and/or prophylaxis of heart
failure, angina pectoris, hypertension, pulmonaypdntension, ischaemias, vascular disorders,
renal insufficiency, thromboembolic disorders, fitic disorders and arteriosclerosis using an

effective amount of at least one of the compourdsming to the invention.

The compounds according to the invention can bel@mag alone or, if required, in combination

with other active compounds. The present inventiother provides medicaments comprising at
least one of the compounds according to the ineardind one or more further active compounds,
especially for the treatment and/or prophylaxis tbé aforementioned disorders. Preferred

examples of suitable active compound combinatinokide:

e organic nitrates and NO donors, for example sodnitroprusside, nitroglycerin, isosorbide

mononitrate, isosorbide dinitrate, molsidomine N-$, and inhaled NO;



10

15

20

25

30

=24 -

e compounds which inhibit the breakdown of cyclisagosine monophosphate (cGMP), for
example inhibitors of phosphodiesterases (PDE)dnhdlor 5, especially PDE 5 inhibitors such

as sildenafil, vardenafil and tadalafil;

< antithrombotic agents, by way of example and wpitbference from the group of the platelet

aggregation inhibitors, the anticoagulants or ttediprinolytic substances;

« hypotensive active compounds, by way of exampl with preference from the group of the
calcium antagonists, angiotensin All antagonistSEANhibitors, endothelin antagonists, renin
inhibitors, alpha-receptor blockers, beta-receptoockers, mineralocorticoid receptor

antagonists, and the diuretics; and/or

e active compounds which alter lipid metabolismi, &xample and with preference from the
group of the thyroid receptor agonists, cholestengithesis inhibitors such as, by way of
example and preferably, HMG-CoA reductase inhikitor squalene synthesis inhibitors, of
ACAT inhibitors, CETP inhibitors, MTP inhibitors FAR-alpha, PPAR-gamma and/or PPAR-
delta agonists, cholesterol absorption inhibitolipase inhibitors, polymeric bile acid

adsorbents, bile acid reabsorption inhibitors @malrotein(a) antagonists.

Antithrombotic agents are preferably understoodmean compounds from the group of the

platelet aggregation inhibitors, the anticoagulamtshe profibrinolytic substances.

In a preferred embodiment of the invention, the poumds according to the invention are
administered in combination with a platelet aggtiegainhibitor, by way of example and with

preference aspirin, clopidogrel, ticlopidin or dijglamole.

In a preferred embodiment of the invention, the poumds according to the invention are
administered in combination with a thrombin inhilbjtby way of example and with preference

ximelagatran, dabigatran, melagatran, bivalirudiolexane.

In a preferred embodiment of the invention, the poumds according to the invention are
administered in combination with a GPIIb/llla ardagst such as, by way of example and with

preference, tirofiban or abciximab.

In a preferred embodiment of the invention, theemmive compounds are administered in
combination with a factor Xa inhibitor, preferrexaenples being rivaroxaban, DU-176b, apixaban,
otamixaban, fidexaban, razaxaban, fondaparinuwapatinux, PMD-3112, YM-150, KFA-1982,
EMD-503982, MCM-17, MLN-1021, DX 9065a, DPC 906,\0B03, SSR-126512 or SSR-
128428.
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In a preferred embodiment of the invention, the poumds according to the invention are
administered in combination with heparin or withlav molecular weight (LMW) heparin

derivative.

In a preferred embodiment of the invention, the poumds according to the invention are
administered in combination with a vitamin K antaigb, by way of example and with preference

coumarin.

Hypotensive agents are preferably understood toxmmempounds from the group of the calcium
antagonists, angiotensin All antagonists, ACE iitbils, endothelin antagonists, renin inhibitors,
alpha-receptor blockers, beta-receptor blockersieralocorticoid receptor antagonists, and the

diuretics.

In a preferred embodiment of the invention, the poumds according to the invention are
administered in combination with a calcium antaggriby way of example and with preference

nifedipine, amlodipine, verapamil or diltiazem.

In a preferred embodiment of the invention, the poumds according to the invention are
administered in combination with an alpha-1-recegitmcker, by way of example and with

preference prazosin.

In a preferred embodiment of the invention, the poumds according to the invention are
administered in combination with a beta-receptockér, by way of example and with preference
propranolol, atenolol, timolol, pindolol, alprenglooxprenolol, penbutolol, bupranolol,
metipranolol, nadolol, mepindolol, carazalol, sotametoprolol, betaxolol, celiprolol, bisoprolol,

carteolol, esmolol, labetalol, carvedilol, adaptadlandiolol, nebivolol, epanolol or bucindolol.

In a preferred embodiment of the invention, the poumds according to the invention are
administered in combination with an angiotensin Afitagonist, by way of example and with

preference losartan, candesartan, valsartan, atraisor embusartan.

In a preferred embodiment of the invention, the poumds according to the invention are
administered in combination with an ACE inhibitdoy way of example and with preference

enalapril, captopril, lisinopril, ramipril, delaprfosinopril, quinopril, perindopril or trandopril

In a preferred embodiment of the invention, the poumds according to the invention are
administered in combination with an endothelin gatast, by way of example and with

preference bosentan, darusentan, ambrisentaragseittan.
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In a preferred embodiment of the invention, the poumds according to the invention are
administered in combination with a renin inhibitdny way of example and with preference
aliskiren, SPP-600 or SPP-800.

In a preferred embodiment of the invention, the poumds according to the invention are
administered in combination with a mineralocortitoéceptor antagonist, by way of example and

with preference spironolactone or eplerenone.

In a preferred embodiment of the invention, the poumds according to the invention are
administered in combination with a loop diuretiar, €xample furosemide, torasemide, bumetanide
and piretanide, with potassium-sparing diuretias, dxample amiloride and triamterene, with
aldosterone antagonists, for example spironola¢tpotassium canrenoate and eplerenone, and

also thiazide diuretics, for example hydrochloratie, chlorthalidone, xipamide and indapamide.

Lipid metabolism modifiers are preferably understdo mean compounds from the group of the
CETP inhibitors, thyroid receptor agonists, chaest synthesis inhibitors such as HMG-CoA
reductase inhibitors or squalene synthesis inhihitihe ACAT inhibitors, MTP inhibitors, PPAR-
alpha, PPAR-gamma and/or PPAR-delta agonists, stestd absorption inhibitors, polymeric bile
acid adsorbents, bile acid reabsorption inhibitdipase inhibitors and the lipoprotein(a)

antagonists.

In a preferred embodiment of the invention, the poumds according to the invention are
administered in combination with a CETP inhibitby;, way of example and with preference
dalcetrapib, BAY 60-5521, anacetrapib or CETP wae¢CETi-1).

In a preferred embodiment of the invention, the poumds according to the invention are
administered in combination with a thyroid receptayonist, by way of example and with
preference D-thyroxine, 3,5,3'-triiodothyronine [T@GS 23425 or axitirome (CGS 26214).

In a preferred embodiment of the invention, the poumds according to the invention are
administered in combination with an HMG-CoA redwgetanhibitor from the class of statins, by
way of example and with preference lovastatin, sistatin, pravastatin, fluvastatin, atorvastatin,

rosuvastatin or pitavastatin.

In a preferred embodiment of the invention, the poumds according to the invention are
administered in combination with a squalene syinshasibitor, by way of example and with
preference BMS-188494 or TAK-475.



10

15

20

25

30

-27-

In a preferred embodiment of the invention, the poumds according to the invention are
administered in combination with an ACAT inhibitdsy way of example and with preference

avasimibe, melinamide, pactimibe, eflucimibe or S .

In a preferred embodiment of the invention, the poumds according to the invention are
administered in combination with an MTP inhibitdoy way of example and with preference
implitapide, BMS-201038, R-103757 or JTT-130.

In a preferred embodiment of the invention, the poumds according to the invention are
administered in combination with a PPAR-gamma agjpbly way of example and with preference

pioglitazone or rosiglitazone.

In a preferred embodiment of the invention, the poumds according to the invention are
administered in combination with a PPAR-delta aggridy way of example and with preference
GW 501516 or BAY 68-5042.

In a preferred embodiment of the invention, the poumds according to the invention are
administered in combination with a cholesterol apson inhibitor, by way of example and with

preference ezetimibe, tiqueside or pamaqueside.

In a preferred embodiment of the invention, the poumds according to the invention are

administered in combination with a lipase inhibjtapreferred example being orlistat.

In a preferred embodiment of the invention, the poumds according to the invention are
administered in combination with a polymeric bilddaadsorbent, by way of example and with

preference cholestyramine, colestipol, colesoh@hglestaGel or colestimide.

In a preferred embodiment of the invention, the poumds according to the invention are
administered in combination with a bile acid reapsion inhibitor, by way of example and with
preference ASBT (= IBAT) inhibitors, for example BZ7806, S-8921, AK-105, BARI-1741, SC-
435 or SC-635.

In a preferred embodiment of the invention, the poumds according to the invention are
administered in combination with a lipoprotein(ajtagonist, by way of example and with

preference gemcabene calcium (CI-1027) or nicotioid.

The present invention further provides medicamemitéch comprise at least one compound
according to the invention, typically together withe or more inert, non-toxic, pharmaceutically

suitable excipients, and for the use thereof feraforementioned purposes.
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The compounds according to the invention may astesyically and/or locally. For this purpose,
they can be administered in a suitable mannegxXample by the oral, parenteral, pulmonal, nasal,
sublingual, lingual, buccal, rectal, dermal, tragrsalal, conjunctival or otic route, or as an implant

or stent.

The compounds according to the invention can beirdgtared in administration forms suitable

for these administration routes.

Administration forms which function according tcetprior art, release the compounds according
to the invention rapidly and/or in a modified manaead contain the compounds according to the
invention in crystalline and/or amorphized and/cissdlved form are suitable for oral

administration, such as e.g. tablets (non-coatembated tablets, for example with enteric coatings
or coatings that dissolve in a delayed manner eriasoluble and control the release of the
compound according to the invention), tablets tmdioblates, films/lyophilisates or capsules

which disintegrate rapidly in the oral cavity (fexample hard or soft gelatine capsules), sugar-

coated tablets, granules, pellets, powders, enrmdsguspensions, aerosols or solutions.

Parenteral administration can bypass an absorpiiep (e.g. intravenously, intraarterially,
intracardially, intraspinally or intralumbally) ocinclude an absorption (e.g. intramuscularly,
subcutaneously, intracutaneously, percutaneouslyntbaperitoneally). Suitable administration
forms for parenteral administration include injeatiand infusion formulations in the form of

solutions, suspensions, emulsions, lyophilizatestenile powders.

For the other administration routes, suitable exampre inhalable medicament forms (including
powder inhalers, nebulizers), nasal drops, solgtimmsprays, tablets, films/oblates or capsules for
lingual, sublingual or buccal administration, sugiparies, ear or eye preparations, vaginal
capsules, aqueous suspensions (lotions, shakingunesy, lipophilic suspensions, ointments,
creams, transdermal therapeutic systems (e.g. g@tchilk, pastes, foams, sprinkling powders,

implants or stents.
Preference is given to oral or parenteral admialtigtn, especially oral administration.

The compounds according to the invention can beverded to the administration forms
mentioned. This can be done in a manner known perbg mixing with inert, nontoxic,
pharmaceutically suitable excipients. These exnigie include carriers (for example
microcrystalline cellulose, lactose, mannitol), varits (e.g. liquid polyethylene glycols),
emulsifiers and dispersing or wetting agents (foxample sodium dodecylsulphate,

polyoxysorbitan oleate), binders (for example palylpyrrolidone), synthetic and natural
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polymers (for example albumin), stabilizers (e.gtiaidants, for example ascorbic acid), dyes

(e.g. inorganic pigments, for example iron oxidas)l flavour and/or odour correctants.

In general, it has been found to be advantageouhdncase of parenteral administration to
administer amounts of about 0.001 to 1 mg/kg, padiy about 0.01 to 0.5 mg/kg, of body weight
to achieve effective results. In the case of odahiaistration, the dose is about 0.001 to 2 mg/kg,

preferably about 0.001 to 1 mg/kg, of body weight.

It may nevertheless be necessary where appropoiateviate from the stated amounts, specifically
as a function of the body weight, route of admmaisbn, individual response to the active
compound, nature of the preparation and time a@mital over which administration takes place.
For instance, in some cases, less than the afotEmed minimum amount may be sufficient,
while in other cases the upper limit mentioned nigsexceeded. In the case of administration of

greater amounts, it may be advisable to divide thmseveral individual doses over the day.

The working examples which follow illustrate thesé@mtion. The invention is not limited to the

examples.

The percentages in the tests and examples whidbwfolre, unless indicated otherwise,
percentages by weight; parts are parts by weighlt.e8t ratios, dilution ratios and concentration

figures for liquid/liquid solutions are each basedvolume.
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Abbreviations and acronyms:

abs.
aq.
calc.
br.s
DCI
DMF
DMSO
eq.

ESI

Et

h
HPLC
HRMS
conc.
LC-MS
Me
min
MS
NMR
PdCL(dppf)CHCI,

Ph
RT
R:
SFC
THF
uv

viv

The purity is the purity according to LCMS unles®ther method is specifically mentioned.

absolute

aqueous solution

calculated

broad singlet (in NMR)

direct chemical ionization (in MS)
dimethylformamide

dimethyl sulphoxide
equivalent(s)

electrospray ionization (in MS)
ethyl

hour(s)

high-pressure, high-performance liquid chragedphy
high-resolution mass spectrometry

concentrated

liquid chromatography-coupled mass spectroynet
methyl

minute(s)

mass spectrometry

nuclear magnetic resonance spectrometry
1,1-bis(diphenylphosphino)ferrocenepalladium(ll)
dichloride/dichloromethane complex

phenyl

room temperature

retention time (in HPLC)

supercritical fluid chromatography
tetrahydrofuran

ultraviolet spectrometry

ratio by volume (of a solution)
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LC/MSand MS Methods:

Method 1 (LC-MS):

Instrument: Waters ACQUITY SQD UPLC System; columaters Acquity UPLC HSS T3 1.8 u
50 x 1 mm; mobile phase A: 1 | of water + 0.25 mm98% strength formic acid, mobile phase B: 1
| of acetonitrile + 0.25 ml of 99% strength fornaicid; gradient: 0.0 min 90% A~ 1.2 min 5% A
— 2.0 min 5% A; oven: 50 °C; flow rate: 0.40 ml/mliy detection: 208 — 400 nm.

Method 2 (LC-MS):

MS instrument: Waters (Micromass) Quattro Micro; P instrument: Agilent 1100 series;
column: YMC-Triart C18 3 p 50 x 3 mm; mobile phasel | of water + 0.01 mol of ammonium
carbonate, mobile phase B: 1 | of acetonitriledgrat: 0.0 min 100% A— 2.75 min 5% A— 4.5
min 5% A, oven: 40°C; flow rate: 1.25 ml/min; UVtdetion: 210 nm.

Method 3 (LC-MS):

MS instrument: Waters (Micromass) QM; HPLC instruneé\gilent 1100 series; column: Agilent
ZORBAX Extend-C18 3.0 x 50 mm 3.5 micron; mobileapd A: 1 | of water + 0.01 mol of
ammonium carbonate, mobile phase B: 1 | of aceitmitgradient: 0.0 min 98% A~ 0.2 min
98% A — 3.0 min 5% A~ 4.5 min 5% A; oven: 40°C; flow rate: 1.75 ml/mldy detection: 210

nm.

Method 4 (LC-MS):

Instrument: Waters ACQUITY SQD UPLC System; columaters Acquity UPLC HSS T3 1.8 u
50 x 1 mm; mobile phase A: 1 | of water + 0.25 mm98% strength formic acid, mobile phase B: 1
| of acetonitrile + 0.25 ml of 99% strength fornaicid; gradient: 0.0 min 95% A~ 6.0 min 5% A
— 7.5 min 5% A; oven: 50°C; flow rate: 0.35 ml/mliy detection: 210 — 400 nm.

Method 5 (LC-MS):

Instrument: Micromass Quattro Premier with WateRLG Acquity; column: Thermo Hypersil
GOLD 1.9 u 50 x 1 mm; mobile phase A: 1 | of wate0.5 ml of 50% strength formic acid,
mobile phase B: 1 | of acetonitrile + 0.5 ml of 58%ength formic acid; gradient: 0.0 min 97% A
— 0.5 min 97% A— 3.2 min 5% A— 4.0 min 5% A, oven: 50°C; flow rate: 0.3 ml/minVU

detection: 210 nm.

Method 6 (LC-MS):
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MS instrument: Waters (Micromass) Quattro Micro; P instrument: Agilent 1100 series;
column: YMC-Triart C18 3 p 50 x 3 mm; mobile phasel | of water + 0.01 mol of ammonium
carbonate, mobile phase B: 1 | of acetonitriledgrat: 0.0 min 100% A— 2.75 min 5% A— 4.5
min 5% A, oven: 40°C; flow rate: 1.25 ml/min; UVtéetion: 210 nm.

Method 7 (LC-MS):

MS instrument: Waters (Micromass) QM; HPLC instruneé\gilent 1100 series; column: Agilent
ZORBAX Extend-C18 3.0 x 50 mm 3.5 micron; mobileapa A: 1 | of water + 0.01 mol of
ammonium carbonate, mobile phase B: 1 | of aceitmitgradient: 0.0 min 98% A~ 0.2 min
98% A — 3.0 min 5% A~ 4.5 min 5% A; oven: 40°C; flow rate: 1.75 ml/mldy detection: 210

nm.

Method 8 (GC-MS):

Instrument: Thermo DFS, Trace GC Ultra; column: tBlefRTX-35, 15 m x 200 um x 0.33 um;
constant helium flow rate: 1.20 ml/min; oven: 609@lgt: 220°C; gradient: 60°C, 30°C/min
300°C (maintained for 3.33 min).
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Starting materials and inter mediates:

Example 1A

5-Fluoro-6-methyl-1H-pyrazolo[3,4-b]pyridine-3-arein

H
H.C N
3 | N N\N
PP
F
NH

2

58 g (340.027 mmol) of 2-chloro-5-fluoro-6-methyatinonitrile (preparation described in
WO02007/41052, Example U-2, page 80) were initi@harged in 1,2-ethanediol (580 ml), and
hydrazine hydrate (24.813 ml) and 56.091 ml (34D.0nol) of diisopropylethylamine were then
added. With stirring, the mixture was heated atG8@5r 16 h and then at 120°C for 6 h. After
cooling, water (2.5 I) and ethyl acetate (2.5 Iyevadded, and the mixture was filtered off with

suction. The solid obtained was dried. This gavd 8347% of theory) of the target compound.
LC-MS (Method 2): R=1.77 min

MS (ESlpos): m/z = 167 (M+H)

Example 2A

5-Fluoro-3-iodo-6-methyl-1H-pyrazolo[3,4-b]pyridine

H,C N

3

/ZI

NS

AN
=

28 g (168.5 mmol) of 5-fluoro-6-methyl-1H-pyrazdet-b]pyridine-3-amine from Example 1A
were initially charged in 1.32 | of THF, and thextoire was cooled to 0°C. 41.45 ml (337.03
mmol) of boron trifluoride diethyl ether complex mgethen added slowly. The reaction mixture
was cooled to -10°C. A solution of 25.66 g (2199mol) of isopentyl nitrite in 166 ml of THF
was then added slowly, and the mixture was stifoeé further 30 min. The reaction solution was
concentrated such that 75% of the THF were remo988. ml of acetone were added, and the
solution was cooled to 0°C. A solution of 32.84249.07 mmol) of sodium iodide in 412 ml of

acetone was added dropwise to this solution, aedniixture was stirred at RT for 2 h. The
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reaction mixture was poured into 5 | of ice-watad @&xtracted three times with in each case 750
ml of ethyl acetate. The combined organic phasee washed with 750 ml of saturated aqueous
sodium chloride solution, dried and then conceattainder reduced pressure. The crude product
was purified by silica gel chromatography (cyclotwes/ethyl acetate gradient: 9:1 to 1:1). This

gave 14.90 g (32% of theory) of the title compound.

LC-MS (Method 1): R= 0.84 min
MS (ESlIpos): m/z = 278 (M+H)
Example 3A

1-(2,3-Difluorobenzyl)-5-fluoro-3-iodo-6-methyl-1plyrazolo[3,4-b]pyridine

F
F
H,C_ N
T
N
//
F

2.60 g (9.37 mmol) of 5-fluoro-3-iodo-6-methyl-1K¥pzolo[3,4-b]pyridine from Example 2A
were initially charged in 35 ml of DMF. 3.67 g (26. mmol) of caesium carbonate and 1.94 g
(9.37 mmol) of 1-(bromomethyl)-2,3-difluorobenzerdissolved in 10 ml of DMF, were then
added and the mixture was stirred at RT overnighé reaction mixture was added to 200 ml of
water and extracted twice with ethyl acetate. Tévalmned organic phases were dried over sodium
sulphate, filtered and concentrated. The residuechaomatographed on silica gel (mobile phase:
petroleum ether/ethyl acetate = 10/1) and the mibftactions were concentrated. The product
was purified further by chromatography: column: ffenC18, 5 um, 250 x 20 mm; mobile phase:
12% water + 85% methanol + 3% 1% strength aquedus Jolution; flow rate: 25 ml/min;

temperature: 40°C; wavelength: 210 nm. This gaé& 8.(71% of theory) of the title compound.
LC-MS (Method 1): R= 1.29 min

MS (ESlIpos): m/z = 404 (M+H)

Example 4A

1-(2,3-Difluorobenzyl)-5-fluoro-6-methyl-1H-pyrazmB,4-b]pyridine-3-carbonitrile
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F
F
H,C_ N
T
N
//
F

Variant A;

A mixture of 2.47 g (6.13 mmol) of 1-(2,3-difluorebzyl)-5-fluoro-3-iodo-6-methyl-1H-
pyrazolo[3,4-b]pyridine from Example 3A and 0.576(€j43 mmol) of copper(l) cyanide was
initially charged in 12.1 ml of abs. DMSO in a fkashich had been dried by heating, and the
mixture was stirred at 150°C for 3 h. Ethyl acetats added to the cooled reaction solution, and
the mixture was washed three times with a mixtdrsemisaturated ammonium chloride solution
and concentrated ammonia solution (3/1). The omyahiase was dried over sodium sulphate,
filtered and concentrated. The crude product wasigd by flash chromatography (mobile phase:
cyclohexane/ethyl acetate gradient: 15/1 to 1®/dntdichloromethane/methanol: 10/1). This gave
780 mg of the target compound (42% of theory).

Variant B;

650 mg (1.56 mmol; purity 77%) of 1-(2,3-difluoratmyl)-5-fluoro-6-methyl-1H-pyrazolo[3,4-
b]pyridine-3-carboxamide of the compound obtainedExample 5A were initially charged in 2.7
ml of THF, and 0.49 ml (6.0 mmol) of pyridine weadded. With stirring, 0.85 ml (6.0 mmol) of
trifluoroacetic anhydride was then slowly addedpavise, and the mixture was then stirred at RT
for 3 h. Water was added, and the reaction solutiag extracted three times with ethyl acetate.
The organic phases were combined, washed once saitlrated aqueous sodium bicarbonate
solution, once with 1 N aqueous hydrochloric acidl ance with saturated aqueous sodium
chloride solution, then dried over sodium sulphai@centrated and dried under high vacuum
overnight. The crude product was purified by flaginromatography (mobile phase:
cyclohexane/ethyl acetate gradient 15/1 to 10Mn dichloromethane/methanol = 10/1). This gave
180 mg of the target compound (37% of theory).

LC-MS (Method 1): R=1.19 min

MS (ESlpos): m/z = 303 (M+H)
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'H NMR (400 MHz, DMSO-g): & [ppm] = 2.65 (d, 3H), 5.87 (s, 2H), 7.10-7.25 @Hi), 7.39-7.48
(m, 1H), 8.41 (d, 1H).

Example 5A

1-(2,3-Difluorobenzyl)-5-fluoro-6-methyl-1H-pyraziB,4-b]pyridine-3-carboxamide

F
F
H,C._ N
T
N
_ /
F
NH

The target compound was formed as a minor compahgirig the preparation of starting material

4A. Flash chromatography gave 650 mg (26% of thqmuyity 77%) of the target compound.
LC-MS (Method 1): R= 0.98 min

MS (ESlIpos): m/z = 321 (M+H)

Example 6A

1-(2,3-Difluorobenzyl)-5-fluoro-6-methyl-1H-pyraziB,4-b]pyridine-3-carboximidamide

F
F
H,C._ _N
T )
N
_ /7
F
NH

HN
960 mg (3.18 mmol) of 1-(2,3-difluorobenzyl)-5-flee6-methyl-1H-pyrazolo[3,4-b]pyridine-3-
carbonitrile from Example 4A were initially chargad9.47 ml of methanol. 0.69 ml (3.18 mmol)
of sodium methoxide in methanol was added, andrtix¢ure was stirred at RT for 1 h. Another
10 ml of methanol were then added, and the reaatisture was stirred at 60°C for 1 h. 204 mg
(3.81 mmol) of ammonium chloride and 0.71 ml (12m8&hol) of acetic acid were added and the

reaction mixture was stirred under reflux for 7The solvent was concentrated and the residue
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was stirred with 38 ml of 1 N aqueous sodium hydfexsolution at room temperature for 1 h. The
precipitate was then filtered off and washed wititev. This gave 1.0 g of the target compound
(90% of theory; purity 90%).

LC-MS (Method 1): R= 0.68 min
MS (ESlpos): m/z = 320 (M+H)

'H NMR (400 MHz, DMSO-¢): & [ppm] = 2.60 (d, 3H), 5.77 (s, 2H), 6.62 (br. 5{)36.91-6.98
(m, 1H), 7.11-7.20 (m, 1H), 7.34-7.44 (m, 1H), 8(@91H).

Example 7A

1-(2,3-Difluorobenzyl)-5-fluoro-6-methyl-1H-pyraziB,4-b]pyridine-3-carboximidohydrazide

F
F
H.C N
3 | N N\N
PP/
F
H
N
HN \
NH

1.0 g (2.84 mmol; purity 90%) of 1-(2,3-difluorolm)-5-fluoro-6-methyl-1H-pyrazolo[3,4-
b]pyridine-3-carboximidamide from Example 6A wendtially charged in 13.9 ml of ethanol, and
1.58 ml (11.38 mmol) of triethylamine and 0.19 @13 mmol) of hydrazine hydrate (80%) were
added at 0°C. The mixture was stirred at RT for dnll then added to 28 ml of a 10% strength
aqueous sodium chloride solution and extractedewiith ethyl acetate. The combined organic
phases were washed with 10% strength aqueous sodhiloride solution, dried over sodium
sulphate and concentrated on a rotary evaporafem afhe residue was stirred with diethyl ether
and filtered off, and the precipitate was dried emtligh vacuum. This gave 864 mg (89% of
theory) of the title compound. The filtrate was centrated and dried under high vacuum. This

gave an additional 144 mg (10% of theory, purit¢@Df the title compound.
LC-MS (Method 3): R=2.36 min

MS (Elpos): m/z = 335 [M+H]
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Example 8A

Methyl 2-{3-[1-(2,3-difluorobenzyl)-5-fluoro-6-metth-1H-pyrazolo[3,4-b]pyridin-3-yl]-5-
hydroxy-1,2,4-triazin-6-yl}-2-methylpropanoate

F
F
H.C N
3 | N N\
N
P/
F
74 N
N \
N
—
HO O
H,C
CH3 O\CH3

1.61 g (8.53 mmol) of dimethyl 2,2-dimethyl-3-oxdboedioate (described in C. J. A. Daley et al.
J. Am. Chem. Soc. 2002, 124(14), 3680-3691) weitealiy charged in 21 ml of ethanol and
heated to reflux. A suspension of 0.95 g (2.84 mmbll-(2,3-difluorobenzyl)-5-fluoro-6-methyl-
1H-pyrazolo[3,4-b]pyridine-3-carboximidohydrazideorin Example 7A in 21 ml of ethanol was
added dropwise. The mixture was heated under reflexnight. After cooling, a solid was filtered
off with suction and washed with a little ethanahd the filtrate was concentrated. Acetonitrile
was added to the residue. This resulted in theigitaton of a solid. The latter was filtered off

and dried. This gave 570 mg (42% of theory) oftithe compound.
LC-MS (Method 1): R=1.14 min
MS (Elpos): m/z = 473 [M+H]

'H NMR (400 MHz, DMSO-¢): & [ppm] = 1.44 (s, 6H), 2.64 (d, 3H), 3.55 (s, 3H)90 (s, 2H),
7.04-7.10 (m, 1H), 7.14-7.20 (m, 1H), 7.38-7.46 {id), 8.30 (d, 1H), 14.50 (br. s, 1H).

Example 9A

Methyl 2-{5-chloro-3-[1-(2,3-difluorobenzyl)-5-flue-6-methyl-1H-pyrazolo[3,4-b]pyridin-3-yl]-
1,2,4-triazin-6-yl}-2-methylpropanoate
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F
F
H.C N
3 | N N\
N
P/
F
74 N
N \
N
—
cl O
H,C
CH3 O\CHB

19.4 ml of phosphoryl chloride were added to 717 (b2 mmol) of methyl 2-{3-[1-(2,3-
difluorobenzyl)-5-fluoro-6-methyl-1H-pyrazolo[3,4gyridin-3-yl]-5-hydroxy-1,2,4-triazin-6-yl}-
2-methylpropanoate, the compound from Example 8#,the mixture was stirred at RT for 5.5 h.

The reaction mixture was used directly for the sgloent reaction.
LC-MS (Method 1): R=1.37 min

MS (Elpos): m/z = 491 [M+H]

Example 10A

3-lodo-6-methyl-1H-pyrazolo[3,4-b]pyridine

ZT

H,C N

Vd

NS

AN
=

10 g (67.49 mmol) of 6-methyl-1H-pyrazolo[3,4-b]mine-3-amine were initially charged in 250
ml of THF, and the mixture was cooled to 0°C. 17.fl (134.98 mmol) of boron

trifluoride/diethyl ether complex were then addéohdy, and the reaction mixture was cooled
to -10°C. A solution of 11.81 ml (87.74 mmol) obpentyl nitrite in 50 ml of THF was then added
slowly, and the mixture was stirred for a furth€rin. Cold diethyl ether (500 ml) was then
added dropwise. The reaction mixture was allowed/domn to 10°C and the resulting solid was
filtered off with suction and washed with cold digt ether. A little at a time, the solid was added
with foaming to a solution at 0°C of 13.15 g (87m#hol) of sodium iodide in 300 ml of acetone,

and the reaction mixture was stirred at RT for 30.Mhe reaction mixture was poured into water
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and extracted three times with ethyl acetate. Tigaric phases were combined and the solid was
filtered off with suction. The filtrate was driedrer sodium sulphate, filtered and concentrated.
Diethyl ether and a few drops of methanol were dddethe residue. The solid was filtered off
with suction, washed with diethyl ether and driedier high vacuum. This gave 11.67 g (67% of

theory) of the title compound.
LC-MS (Method 1): R=0.78 min
MS (ESlpos): m/z = 260 (M+H)
Example 11A

1-(2,3-Difluorobenzyl)-3-iodo-6-methyl-1H-pyrazo®f-b]pyridine

F
F
H,C_ N
T
N
//

1.76 g (6.78 mmol) of 3-iodo-6-methyl-1H-pyrazolg{d]pyridine from Example 10A were
initially charged in 13.3 ml of DMF, and 3.31 g (1@ mmol) of caesium carbonate and 1.68 ¢
(8.14 mmol) of 1-(bromomethyl)-2,3-difluorobenzenere added. The mixture was stirred at RT
for 7 h and then stored at 0°C overnight. Water s added to the reaction mixture. Ethyl
acetate was added, the mixture was stirred brigfig the phases were separated. The organic
phase was washed once with water and the aquease ptas extracted with ethyl acetate. The
combined organic phases were washed once withasatUaqueous sodium chloride solution, then
dried over sodium sulphate and concentrated, aedréBidue was dried under high vacuum

overnight. This gave 3.00 g (quantitative yieldripuabout 87%) of the title compound.
LC-MS (Method 1): R= 1.24 min
MS (ESlpos): m/z = 386 (M+H)

'H NMR (400 MHz, DMSO-g): & [ppm] = 2.65 (s, 3H), 5.73 (s, 2H), 7.02-6.95 (rH), 7.13-7.20
(m, 1H), 7.22 (d, 1H), 7.35-7.44 (m, 1H), 7.84 18).
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Example 12A

1-(2,3-Difluorobenzyl)-6-methyl-1H-pyrazolo[3,4-bjpdine-3-carbonitrile

F
F
H,C_ N
T )
N
//

\
N

3.00 g (6.78 mmol; purity about 87%) of 1-(2,3-ddtobenzyl)-3-iodo-6-methyl-1H-pyrazolo[3,4-

5  b]pyridine (crude) from Example 11A and 0.768 ¢p8mmol) of copper(l) cyanide were initially
charged in 40 ml of abs. DMSO in a flask which leen dried by heating, and the mixture was
stirred at 150°C for 1.5 h. A mixture of saturatadqueous ammonium chloride solution,
concentrated aqueous ammonia solution (3/1) and atietate was added to the cooled reaction
solution, and the mixture was stirred at RT for 8 and filtered off with suction through

10  Celite®. The filter residue was washed with ethyl acetatd the organic phase was separated off
and washed four times with a mixture of saturatgdeaus ammonium chloride solution and
concentrated aqueous ammonia solution (3/1). Thanic phase was washed once with saturated
aqueous sodium chloride solution, dried over sodsuiiphate, concentrated and dried under high
vacuum overnight. The title compound 2.55 g (quatitie, purity 84%) was used without further

15 purification for the next step.
LC-MS (Method 1): R=1.16 min
MS (ESlpos): m/z = 285 (M+H)

'H NMR (400 MHz, DMSO-g): & [ppm] = 2.69 (s, 3H), 5.87 (s, 2H), 7.14-7.09 (H), 7.16-7.23
(m, 1H), 7.39-7.47 (m, 1H), 7.43 (d, 1H), 8.37 1&).

20 Example13A

1-(2,3-Difluorobenzyl)-6-methyl-1H-pyrazolo[3,4-bjpdine-3-carboximidamide acetate
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x CH,CO,H

HN

2.22 g (6.55 mmol; purity 84%) of 1-(2,3-difluoraimyl)-6-methyl-1H-pyrazolo[3,4-b]pyridine-3-
carbonitrile from Example 12A and 0.354 g (6.55 mnaf sodium methoxide were initially
charged in 20 ml of methanol, and the mixture wasgesl at RT for 4.5 h. 0.421 g (7.86 mmol) of
ammonium chloride and 1.46 ml (25.55 mmol) of acatiid were added and the reaction mixture
was stirred under reflux for 6 h. The reaction migtwas cooled, the solvent was concentrated
under reduced pressure, 1 N aqueous sodium hydraxillition was added to the residue (up to
pH 9) and ethyl acetate was added. The mixturestiaed at 0°C for 30 min. The precipitate was
then filtered off, washed with ethyl acetate anédiunder high vacuum overnight. This gave 1.14

g of the target compound (48% of theory).
LC-MS (Method 1): R= 0.62 min
MS (ESlpos): m/z = 302 (M+H)

'H NMR (400 MHz, DMSO-¢): & [ppm] = 1.82-1.86 (m, 3H), 2.63 (s, 3H), 5.7838)), 6.90-6.96
(m, 1H), 7.11-7.18 (m, 1H), 7.25 (d, 1H), 7.34-7(48 1H), 8.50 -7.54 (m, 2H).

Example 14A

1-(2,3-Difluorobenzyl)-6-methyl-1H-pyrazolo[3,4-bjpdine-3-carboximidohydrazide

F
F
H.C N
T
N
P
H
N
HN \
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1.14 g (3.16 mmol) of 1-(2,3-difluorobenzyl)-6-mgtiH-pyrazolo[3,4-b]pyridine-3-
carboximidamide acetate from Example 13A werealfijticharged in 15 ml of ethanol, and 1.76
ml (12.62 mmol) of triethylamine and 0.192 ml (3.@®nol) of hydrazine hydrate (80%) were
added at 0°C. The mixture was stirred initially0&€C for 10 min and then overnight at RT. The
reaction mixture was added to 70 ml of a 10% stiemglueous sodium chloride solution and
extracted twice with ethyl acetate. The combineganic phases were washed once with 10%
strength aqueous sodium chloride solution, driedr modium sulphate and concentrated on a
rotary evaporator at RT. The residue was dried uhigh vacuum. This gave 0.96 g (94% of

theory) of the title compound.
LC-MS (Method 1): R= 0.62 min
MS (Elpos): m/z = 317 [M+H]

'H NMR (400 MHz, DMSO-g): & [ppm] = 2.60 (s, 3H), 5.36 (br.s., 2H), 5.49 (hr2H), 5.72 (s,
2H), 6.84-6.90 (m, 1H), 7.10-7.18 (m, 1H), 7.161Hl), 7.32-7.41 (m, 1H), 8.38 (d, 1H).

Example 15A

Methyl  2-{3-[1-(2,3-difluorobenzyl)-6-methyl-1H-pgzolo[3,4-b]pyridin-3-yl]-5-hydroxy-1,2,4-

triazin-6-yl}-2-methylpropanoate

F
F
H.C N
3 | N N\
N
P/
74 N
N \
N
—
HO O
H,C
CH3 O\CH3

0.860 g (4.57 mmol) of dimethyl 2,2-dimethyl-3-oxwanedioate (described in C. J. A. Daley et al.
J. Am. Chem. Soc. 2002, 124(14), 3680-3691) wakilyi charged in 10 ml of ethanol and heated
to reflux. A suspension of 0.95 g (2.84 mmol) q2]3-difluorobenzyl)-6-methyl-1H-pyrazolo[3,4-

b]pyridine-3-carboximidohydrazide from Example 14A25 ml of ethanol was added dropwise.

The mixture was stirred under reflux for 12 h. Afemoling, a precipitate was filtered off with
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suction and washed with a little ethanol, and flieafe was concentrated and dried under high
vacuum. This gave 1.36 g (68% of theory; purity §3%othe title compound (crude) which was

used for the subsequent step without further padibn.
LC-MS (Method 1): R= 1.09 min

MS (Elpos): m/z = 455 [M+H]

Example 16A

Methyl 2-{5-chloro-3-[1-(2,3-difluorobenzyl)-6-megh 1H-pyrazolo[3,4-b]pyridin-3-yI]-1,2,4-

triazin-6-yl}-2-methylpropanoate

F
F
H.C N
3 | N N\
N
P/
74 N
N \
N
—
cl O
H,C
CH3 O\CH3

9.0 ml of phosphoryl chloride were added to 1.3@ &9 mmol; purity 69%) of methyl 2-{3-[1-
(2,3-difluorobenzyl)-6-methyl-1H-pyrazolo[3,4-b]pgim-3-yl]-5-hydroxy-1,2,4-triazin-6-yl}-2-
methylpropanoate from Example 15A, and the mixtwes stirred at RT for 60 h. The reaction

mixture was used without any further purificatiam the subsequent reaction.
LC-MS (Method 1): R=1.32 min

MS (Elpos): m/z = 473 [M+H]

Example 17A

5-Fluoro-3-iodo-1-(4-methoxybenzyl)-6-methyl-1H-pyolo[3,4-b]pyridine
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O
\
CH3
H.,C._ N
T
N
_ /
F

Under argon, 14.90 g (53.78 mmol) of 5-fluoro-3éegtmethyl-1H-pyrazolo[3,4-b]pyridine from

Example 2A were initially charged in 150 ml of abdvIF, and 21.03 g (64.54 mmol) of caesium
carbonate and 8.42 g (53.78 mmol) of 1-(chloromi@#mymethoxybenzene, dissolved in 50 ml of
DMF, were then added. The mixture was stirred atoRd@rnight. The reaction mixture was then
added to 1000 ml of water and extracted three timitls ethyl acetate. The collected organic
phases were dried over sodium sulphate, filteretl @mcentrated. The residue was purified by
SFC chromatography [column: THAR SFC-Super ChroepF00, 5 um, 150 x 30 mm; mobile

phase: 95% carbon dioxide + 5% methanol; presd@@bar; flow rate: 150 ml/min; temperature:

38°C; wavelength: 210 nm]. This gave 12.95 g (6X%heory) of the title compound.
LC-MS (Method 5): R=2.77 min
MS (ESlIpos): m/z = 398 (M+H)

'H NMR (400 MHz, DMSO-g): & [ppm] = 2.61 (d, 3H), 3.71 (s, 3H), 5.55 (s, 2688 (d, 2H),
7.21 (d, 2H), 7.78 (d, 1H).

Example 18A

5-Fluoro-1-(4-methoxybenzyl)-6-methyl-1H-pyrazol@d]pyridine-3-carbonitrile

O
\
CH,
H,C_ N
N \
| PWw.
F
I\
N

A mixture of 11.80 g (29.71 mmol) of 5-fluoro-3-ied-(4-methoxybenzyl)-6-methyl-1H-
pyrazolo[3,4-b]pyridine from Example 17A and 2.9332.72 mmol) of copper(l) cyanide was
initially charged in 94 ml of abs. DMSO in a flagkich had been dried by heating, and the

mixture was stirred at 150°C for 2 h. The coolegctmn solution was filtered through Celite and
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the filter residue was washed with 1.2 | of THRjgthcetate (1/1). The filtrate was washed with
940 ml of a 25% strength agueous ammonia solut®®® ml of semiconcentrated aqueous
ammonium chloride solution and 410 ml of saturadegieous sodium chloride solution. The
organic phase was dried over sodium sulphaterdidteand then concentrated under reduced
pressure.The crude product was purified by silica gel chrtogeaphy (mobile phase:
petroleum ether/ethyl acetate: 3/1; then dichlotb@ee/methanol gradient). This gave 7.50 g
(85% of theory) of the target compound.

LC-MS (Method 1): R=1.18 min
MS (ESlpos): m/z = 297 (M+H)

'H NMR (400 MHz, DMSO-g): & [ppm] = 2.65 (d, 3H), 3.71 (s, 3H), 5.69 (s, 2B)89 (d, 2H),
7.29 (d, 2H), 8.37 (d, 1H).

Example 19A

5-Fluoro-1-(4-methoxybenzyl)-6-methyl-1H-pyrazolgfad]pyridine-3-carboximidamide

CH

HN

7.80 g (26.32 mmol) of 5-fluoro-1-(4-methoxybenz§hmnethyl-1H-pyrazolo[3,4-b]pyridine-3-
carbonitrile  from Example 18A were initially chaye in 120 ml of
methanol/THF/dichloromethane (1/1/1). 1.42 g (26m320l) of sodium methoxide in 10 ml of
methanol were added, and the mixture was stirredR&tfor 2 h. 1.55 g (28.98 mmol) of
ammonium chloride and 5.88 ml (102.74 mmol) of mcatid were added and the reaction mixture
was stirred under reflux for 2 h. Another 50 mineéthanol were added to the reaction mixture.
The dichloromethane was distilled off and the migtwas stirred under reflux for 1 h. The solvent
mixture was concentrated and the residue was atimith about 160 ml of 1 N aqueous sodium
hydroxide solution at room temperature for 1 h. Tésdue was then filtered off and washed with

water. This gave 8.15 g of the target compound (989%eory).

LC-MS (Method 1): R= 0.68 min
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MS (ESlIpos): m/z = 314 (M+H)

'H NMR (400 MHz, DMSO-¢): & [ppm] = 2.60 (d, 3H), 3.70 (s, 3H), 5.59 (s, 2@)21 (br. s,
2H), 6.87 (d, 2H), 7.21 (d, 2H), 8.26 (d, 1H).

Example 20A

5-Fluoro-1-(4-methoxybenzyl)-6-methyl-1H-pyrazol@gd]pyridine-3-carboximidohydrazide

o)
\
CH,
H.C N
3 | N N\N
P
F
H
N
HN \
NH

7.0 g (21.22 mmol) of 5-fluoro-1-(4-methoxybenzghmethyl-1H-pyrazolo[3,4-b]pyridine-3-
carboximidamide from Example 19A were initially cgad in 94 ml of ethanol, and 11.83 ml
(84.88 mmol) of triethylamine and 1.29 ml (21.22 aofyrof hydrazine hydrate (80%) were added
at 0°C. The mixture was stirred at RT overnight &nein added to 260 ml of a 10% strength
aqueous sodium chloride solution and extractedewiith ethyl acetate. The combined organic
phases were washed with 10% strength aqueous sodhiloride solution, dried over sodium
sulphate and concentrated on a rotary evapora®T al he residue was dried under high vacuum.

This gave 7.33 g (96% of theory; purity about 91he title compound.
LC-MS (Method 3): R=2.25 min

MS (Elpos): m/z = 329 [M+H]

Example 21A

Methyl 2-{3-[5-fluoro-1-(4-methoxybenzyl)-6-methyiH-pyrazolo[3,4-b]pyridin-3-yl]-5-hydroxy-
1,2,4-triazin-6-yl}-2-methylpropanoate
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11.47 g (60.93 mmol) of dimethyl 2,2-dimethyl-3-txxanedioate (described in C. J. A. Daley et
al. J. Am. Chem. Soc. 2002, 124(14), 3680-3691 eweitially charged in 146 ml of ethanol and
heated to reflux. A suspension of 7.33 g (20.31 immarity about 91%) of 5-fluoro-1-(4-
methoxybenzyl)-6-methyl-1H-pyrazolo[3,4-b]pyridiBecarboximidohydrazide from Example
20A in 146 ml of ethanol was added dropwise. Thetune was heated under reflux overnight.
After cooling, a solid was filtered off and washeidh ethanol, and the filtrate was concentrated.
About 30 ml of acetonitrile were added to the rasidand the mixture was stirred at RT for 1 h.
The solid was filtered off and dried. This gave&d (50% of theory; purity about 85%) of the

titte compound.
LC-MS (Method 1): R=1.11 min
MS (Elpos): m/z = 467 [M+H]

'H NMR (400 MHz, DMSO-¢): & [ppm] = 1.44 (s, 6H), 2.65 (d, 3H), 3.55 (s, 3B)71 (s, 3H),
5.73 (s, 2H), 6.89 (d, 2H), 7.30 (d, 2H), 8.281H), 14.52 (br. s, 1H).

Example 22A

Methyl  2-{5-chloro-3-[5-fluoro-1-(4-methoxybenzy§-methyl-1H-pyrazolo[3,4-b]pyridin-3-yl]-
1,2,4-triazin-6-yl}-2-methylpropanoate
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53.6 ml of phosphoryl chloride were added to 5.98@90 mmol; purity about 85%) of methyl 2-
{3-[5-fluoro-1-(4-methoxybenzyl)-6-methyl-1H-pyralng3,4-b]pyridin-3-yl]-5-hydroxy-1,2,4-
triazin-6-yl}-2-methylpropanoate, the compound fré@rample 21A, and the mixture was stirred
at RT overnight. Another 20 ml of phosphoryl chiteriwere then added, and the mixture was

stirred at RT for 0.5 h. The reaction mixture wasdidirectly for the subsequent reaction.
LC-MS (Method 1): R= 1.35 min

MS (Elpos): m/z = 485 [M+H]

Example 23A

3-[5-Fluoro-1-(4-methoxybenzyl)-6-methyl-1H-pyraaf8,4-b]pyridin-3-yl]-7,7-dimethyl-5,7-
dihydro-6H-pyrrolo[2,3-e][1,2,4]triazin-6-one

0]
\
CH3
H,C_ N
T
N
P
F
74 N
N \
N
—
HN cH,
L CH,

The reaction solution of methyl 2-{5-chloro-3-[a#firo-1-(4-methoxybenzyl)-6-methyl-1H-
pyrazolo[3,4-b]pyridin-3-yI]-1,2,4-triazin-6-yl}-2nethylpropanoate from Example 22A was
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diluted with 500 ml of dry acetonitrile and therowly added dropwise to 780 ml of a 33%
strength aqueous ammonia solution (strongly exottegr The reaction mixture was stirred at
room temperature overnight. The organic phase efrdaction mixture was removed and the
aqueous phase was extracted twice with dichloroamethThe organic phase was washed once
with saturated agueous sodium chloride solutionthed dried over sodium sulphate, filtered and

concentrated. This gave 5.27 g (89% of theory;tp@&0%) of the target compound.

50 mg of this were purified by preparative HPLC {BRolumn, mobile phase: acetonitrile/water
gradient with addition of 0.1% TFA). The productadtions obtained were taken up in
dichloromethane and washed twice with saturatece@ag sodium bicarbonate solution. The
combined organic phases were dried over sodiunhatépfiltered and concentrated. 35 mg of the

target compound were obtained.
LC-MS (Method 1): R= 1.09 min
MS (ESlIpos): m/z = 434 (M+H)

'H NMR (500 MHz, DMSO-g): & [ppm] = 1.44 (s, 6H); 2.65 (d, 3H), 3.70 (s, 38)70 (s, 2H),
6.89 (d, 2H), 7.28 (d, 2H), 8.42 (d, 1H), 12.14gp1H).

Example 24A

3-(5-Fluoro-6-methyl-1H-pyrazolo[3,4-b]pyridin-3)y¥, 7-dimethyl-5, 7-dihydro-6H-pyrrolo[2,3-

e][1,2,4]triazin-6-one

HCo N _N

AN
PV

1.0 g (1.85 mmol, purity 80%) of 3-[5-fluoro-1-(4etlmoxybenzyl)-6-methyl-1H-pyrazolo[3,4-
b]pyridin-3-yl]-7,7-dimethyl-5,7-dihydro-6H-pyrro[@,3-e][1,2,4]triazin-6-one from Example 23A
were initially charged in 40.5 ml of acetonitrileter (2/1), 4.05 g (7.38 mmol) of
ammoniumcerium(lV) nitrate were added and the métuas stirred at room temperature for 3 h.

50 ml of water were added to the reaction mixturé the mixture was stirred at room temperature
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for 2 h and then filtered off, washed with wated ahied under high vacuum. This gave 540 mg of

the target compound (91% of theory).
LC-MS (Method 3): R=1.56 min
MS (ESlIpos): m/z = 314 (M+H)

'H NMR (500 MHz, DMSO-¢): & [ppm] = 1.46 (s, 6H); 2.61 (d, 3H), 8.40 (d, 14p.15 (br.s,
1H), 14.24 (br. s, 1H).

Example 25A

3-lodo-6-methyl-1-{[2-(trimethylsilyl)ethoxy]meth}d1H-pyrazolo[3,4-b]pyridine

CH

H,C N

N 2~

AN
=

19.8 g (76.35 mmol) of 3-iodo-6-methyl-1H-pyrazA@gf-b]pyridine from Example 10A were
initially charged in 190 ml of dichloromethane, 24& (0.76 mmol) of tetrabutylammonium
bromide and 96 ml of 50% strength aqueous potaskitdroxide solution were added at 0°C and
the  mixture was  stirred vigorously. 16.2 ml  (91.62mmol) of [2-
(chloromethoxy)ethyl](trimethyl)silane were thendad dropwise and the reaction mixture was
stirred at 0°C for 1 h and then at RT for 1 h. 2ol (15.27 mmol) of [2-
(chloromethoxy)ethyl](trimethyl)silane were thendad dropwise at RT and the mixture was
stirred at RT for 1 h. The reaction mixture wagetioat -20°C overnight. Another 4.04 ml (22.90
mmol) of [2-(chloromethoxy)ethyl](trimethyl)silaneere then added dropwise at 0°C, and the
reaction mixture was stirred at 0°C for 1 h an@®atfor 1 h. The organic phase was separated off
and the aqueous phase was extracted twice withodichethane. The combined organic phases
were washed twice with saturated aqueous sodiuoridbl solution and then dried over sodium

sulphate and concentrated under reduced pressure. résidue was purified by flash
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chromatography (mobile phase: cyclohexane/dichletbane gradient, then

dichloromethane/ethyl acetate gradient). This da8/@4 g (61% of theory) of the title compound.
LC-MS (Method 1): R= 1.37 min
MS (ESlpos): m/z = 390 (M+H)

'H NMR (400 MHz, DMSO-¢): & [ppm] = -0.11 (s, 9H), 0.79-0.85 (m, 2H), 2.63 38]), 3.55-
3.62 (m, 2H), 5.71 (s, 2H), 7.23 (d, 1H), 7.841H).

Example 26A
6-Methyl-1-{[2-(trimethylsilyl)ethoxy]methyl}-1H-pyazolo[3,4-b]pyridine-3-carbonitrile

e
HC—d:
T Si~ch,

H,C

N

N\
=
\

N

A mixture of 1.00 g (2.57 mmol) of 3-iodo-6-meth{{2-(trimethylsilyl)ethoxy]methyl}-1H-
pyrazolo[3,4-b]pyridine from Example 25A and 0.2832.83 mmol) of copper(l) cyanide were
initially charged in 10 ml of abs. dimethyl sulple, and the mixture was stirred at 150°C for 3
h. A mixture of saturated aqueous ammonium chlosid@tion, concentrated aqueous ammonia
solution (3/1) and ethyl acetate was added to twded reaction solution, and the mixture was
stirred at RT for 30 min and filtered off througlel@e®. The filter residue was washed with ethyl
acetate. The organic phase was separated off asldedidhree times with a mixture of saturated
agueous ammonium chloride solution and concentrate@ous ammonia solution (3/1) until the
aqueous phase was colourless. The organic phaseasagd once with saturated aqueous sodium
chloride solution and then dried over sodium suipheoncentrated and dried under high vacuum
overnight. The title compound 0.74 g (76% of theqourity 76%) was used without further

purification for the next step.

LC-MS (Method 1): R=1.29 min
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MS (ESlpos): m/z = 289 (M+H)

Example 27A

6-Methyl-1-{[2-(trimethylsilyl)ethoxy]methyl}-1H-pyazolo[3,4-b]pyridine-3-carboximidamide

acetate

CH,

3

X CH,CO,H
H,C

N 2~

N
N
=

NH
HN

12.33 g (42.75 mmol; purity 76%) of 6-methyl-1-{{methylsilyl)ethoxy]methyl}-1H-
pyrazolo[3,4-b]pyridine-3-carbonitrile from ExampB5A and 2.31 g (42.75 mmol) of sodium
methoxide were initially charged in 200 ml of metbh and the mixture was stirred at RT for 3 h.
2.74 g (51.30 mmol) of ammonium chloride and 9.51@6.72 mmol) of acetic acid were added,
and the mixture was stirred under reflux for 8 heTeaction mixture was cooled, the solvent was
concentrated under reduced pressure, 1 N aqueousrstiydroxide solution was added to the
residue (up to pH 9) and ethyl acetate was added.riixture was stirred at RT for 30 min. The
precipitate was then filtered off, washed with ¢tgetate and dried under high vacuum overnight.
This gave 9.01 g of the target compound (48% adrtyje

LC-MS (Method 1): R=0.74 min
MS (ESlpos): m/z = 306 (M+H)

'H NMR (400 MHz, DMSO-¢): & [ppm] = -0.10 (s, 9H), 0.81-0.88 (m, 2H), 1.843kl), 2.64 (s,
3H), 3.58-3.67 (m, 2H), 5.79 (s, 2H), 7.29 (d, 18149 (d, 1H), 8.87 (br.s., 3H).

Example 28A

6-Methyl-1-{[2-(trimethylsilyl)ethoxy]methyl}-1H-pyazolo[3,4-b]pyridine-3-

carboximidohydrazide
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9.33 g (2552 mmol) of 6-methyl-1-{[2-(trimethylgl)ethoxy]methyl}-1H-pyrazolo[3,4-
b]pyridine-3-carboximidamide acetate from Exampl&A2were initially charged in 120 ml of
ethanol, and 14.3 ml (102.08 mmol) of triethylamied 1.55 ml (25.52 mmol) of hydrazine
hydrate (80%) were added at 0°C. The reaction mextuas stirred at 0°C for 10 min and then
overnight at RT. The reaction mixture was adde&306 ml of a 10% strength aqueous sodium
chloride solution and extracted twice with ethyletate. The combined organic phases were
washed once with 10% strength aqueous sodium delsolution, dried over sodium sulphate and
concentrated on a rotary evaporator at RT. Thelueswas dried under high vacuum. This gave
8.41 g (97% of theory; purity 94%) of the title coound.

LC-MS (Method 1): R=0.75 min
MS (ESlpos): m/z = 321 (M+H)
Example 29A

Methyl 2-[5-hydroxy-3-(6-methyl-1-{[2-(trimethylsil)ethoxy]methyl}-1H-pyrazolo[3,4-
b]pyridin-3-yl)-1,2,4-triazin-6-yl]-2-methylproparmte
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6.54 g (34.73 mmol) of dimethyl 2,2-dimethyl-3-oxténedioate (described in C. J. A. Daley et al.
J. Am. Chem. Soc. 2002, 124(14), 3680-3691) weitelily charged in 230 ml of ethanol and
heated to reflux. 7.42 g (23.15 mmol) of 6-methf[2-(trimethylsilyl)ethoxy]methyl}-1H-
pyrazolo[3,4-b]pyridine-3-carboximidohydrazide frdixample 28A were then added a little at a
time. The reaction mixture was stirred under refagernight. After cooling, a precipitate was
filtered off and washed with a little ethanol. Tfiérate was concentrated and dried under high
vacuum. This gave the title compound (crude) whias used in the next step without further

purification.

LC-MS (Method 1): R= 1.24 min
MS (ESlIpos): m/z = 459 (M+H)
Example 30A

Methyl 2-[5-chloro-3-(6-methyl-1-{[2-(trimethylsilyethoxy]methyl}-1H-pyrazolo[3,4-b]pyridin-
3-yI)-1,2,4-triazin-6-yl]-2-methylpropanoate
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22 ml of tetrahydrothiophene 1,1-dioxide (sulphelaiand 11 ml of phosphorus oxytrichloride
were added to 10.62 g (23.15 mmol) of methyl 2y8roxy-3-(6-methyl-1-{]2-
(trimethylsilyl)ethoxy]methyl}-1H-pyrazolo[3,4-b]pydin-3-yl)-1,2,4-triazin-6-yl]-2-
methylpropanoate from Example 29A. The reactiontonexwas kept at RT for 60 h and then used

directly for the subsequent reaction.
LC-MS (Method 1): R=1.43 min
MS (Elpos): m/z = 477 [M+H]
Example 31A

7,7-Dimethyl-3-(6-methyl-1-{[2-(trimethylsilyl)ethoy]methyl}-1H-pyrazolo[3,4-b]pyridin-3-yl)-
5,7-dihydro-6H-pyrrolo[2,3-€e][1,2,4]triazin-6-0ne
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The reaction solution of methyl 2-[5-chloro-3-(64mgd-1-{[2-(trimethylsilyl)ethoxy]methyl}-1H-
pyrazolo[3,4-b]pyridin-3-yl)-1,2,4-triazin-6-yl]-2aethylpropanoate from Example 30A was
diluted with 78 ml of dry acetonitrile and thenwlg added dropwise to a 33% strength aqueous
ammonia solution (245 ml) cooled to 0°C, with timernal temperature being kept between 0-
12°C. The mixture was then stirred at room tempeeadvvernight. The two-phase reaction mixture
was freed from the solvent on a rotary evapordtbe mixture was then extracted three times with
ethyl acetate. The combined organic phases wereeotmated, 800 ml of diethyl ether were added
to the residue and the mixture was washed threestiwith water (200 ml, 400 ml, 200 ml) and
once with aqueous sodium chloride solution, corme¢ed and dried under high vacuum.
Dichloromethane was added to the residue and tkiuraiwas filtered. The filtrate was applied to
a silica gel column and purified by silica gel dmatography (mobile phase:
dichloromethane/ethyl acetate gradient). This gh®® g of the target compound (36% of theory;
purity 88%).

LC-MS (Method 1): R=1.15 min
MS (Elpos): m/z = 426 [M+H]
Example 32A

7,7-Dimethyl-3-(6-methyl-1H-pyrazolo[3,4-b]pyridi8-yl)-5,7-dihydro-6H-pyrrolo[2,3-

e][1,2,4]triazin-6-0ne



3.2 g (6.62 mmol; purity 88%) of 7,7-dimethyl-34t@ethyl-1-{[2-(trimethylsilyl)ethoxy]methyl}-
1H-pyrazolo[3,4-b]pyridin-3-yl)-5,7-dihydro-6H-pyoto[2,3-e][1,2,4]triazin-6-0ne from Example
31A were initially charged in 14 ml of dichloromatie and 14 ml of trifluoroacetic acid, and the
5 mixture was stirred at RT for 30 min. The reactimixture was concentrated under reduced
pressure at 30°C and the residue was dried undenaicuum. 33 ml of THF and 36.4 mlofa 2 N
aqueous lithium hydroxide solution were then ad@ed, the mixture was stirred at RT overnight.
The reaction mixture was concentrated under redpoeskure at 50°C, 50 ml of water were added
and the mixture was reconcentrated. The residuedsslved in 70 ml of water and extracted
10 three times with dichloromethane. The aqueous phaseacidified to pH 6 with concentrated
aqueous hydrochloric acid and saturated with sodthioride. The mixture was extracted five
times with 2-methyltetrahydrofuran and the combiredanic phases were concentrated on a
rotary evaporator. The residue was extracted withgortions (100 ml and 50 ml) of methyl tert-
butyl ether and filtered off. The filter residue svdried under high vacuum. This gave 1.20 g
15 (55 % of theory; purity about 90%) of the title qomoind.

LC-MS (Method 1): R=0.67 min
MS (ESlpos): m/z = 296 (M+H)

'H NMR (500 MHz, DMSO-g): & [ppm] = 1.46 (s, 6H); 2.63 (s, 3H), 7.27 (d, 1B)68 (d, 1H),
12.17 (br.s, 1H), 14.05 (br. s, 1H).

20 Example 33A

Ethyl 1-formylcyclopropanecarboxylate
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In a three-necked flask fitted with thermometeigphing funnel and gas exhaust, 7.39 g (58.19
mmol) of oxalyl chloride were initially charged 116 ml of abs. dichloromethane at -78°C. 9.08 g
(116.38 mmol) of dimethyl sulphoxide, dissolved 8nml of abs. dichloromethane, were then
slowly added dropwise (careful: intensive evolutimingas), with the internal temperature being
kept between -70°C and -78°C. The reaction mixtuse stirred at -78°C for another 5 min. 7.63 g
(52.90 mmol) of ethyl 1-(hydroxymethyl)cyclopropaaeboxylate (described in M. H. Parker et

al. U.S. Pat. Appl. Publ., 20120053146), dissolired96 ml of abs. dichloromethane, were then
slowly added dropwise, with the internal temperatbeing kept between -70°C and -78°C. The
reaction mixture was stirred at -78°C for anothemdin. 26.72 g (264.51 mmol) of triethylamine

were then slowly added dropwise, with the interteahperature being kept between -70°C
and -78°C. The reaction mixture was stirred at €785 another 10 min and then warmed to RT
over 2 h. The mixture was diluted with 700 ml ofthy tert-butyl ether, the precipitate was

filtered off and the filtrate was concentrated @@ and 100 mbar. The residue was purified by
flash chromatography (mobile phase: dichloromethahkis gave 7.30 g (97% of theory, purity

about 95% according to NMR) of the title compound.

'H NMR (500 MHz, CDCJ): & [ppm] = 1.32 (t, 3H), 1.58-1.63 (m, 2H), 1.65-1(0, 2H), 4.28
(9, 2H), 10.41 (s, 1H).

Example 34A
Ethyl 1-[cyano(hydroxy)methyl]cyclopropanecarboxgla
0O OH

H,C” ~o X

7.30 g (51.35 mmol) of ethyl 1-formylcyclopropandmaxylate from Example 33A and 3.16 ¢
(59.06 mmol) of ammonium chloride were initiallyaslyed in 9 ml of water and 9 ml of diethyl
ether at 0°C. A solution of 2.52 g (51.35 mmol)soflium cyanide in 6.4 ml of water was added
dropwise at 0°C, with the temperature of the reacthixture being kept below +10°C at all times.
The mixture was stirred at 0°C for another 20 mivd dhe phases were then separated. The
aqueous phase was extracted three times with atiethte. The combined organic phases were
washed twice with saturated aqueous sodium chladdigion and dried over sodium sulphate and
concentrated under reduced pressure at RT and b®. mihis gave 8.99 g (104% of theory;
purity about 95% according to NMR) of the title qomoind, which were used for the next step

without further purification.
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'H NMR (500 MHz, CDCJ): & [ppm] = 1.04-1.11 (m, 1H), 1.15-1.22 (m, 1H), 1(293H), 1.39-
1.46 (m, 1H), 1.47-1.53 (m, 1H), 4.16 (br. s, 1#p4 (q, 2H).

Example 35A

Ethyl 1-(2-ethoxy-1-hydroxy-2-oxoethyl)cyclopropaaeboxylate

@) OH
@] CH
ch/\ojg\ﬂ/ ~ "8
@)

The reaction was carried out analogously to thénateknown from the literature (described in: A.
de Meijere et al.,, Eur. J. Org. Chem. 2004, 3668836 Apparatus: three-necked flask with
thermometer, septum with gas exhaust canula, das tmbe. A gentle stream of hydrogen
chloride was passed through the apparatus. Theigeatiask was cooled to -20°C (bath

temperature). 8.69 g (51.35 mmol) of ethyl 1-[cydmydroxy)methyl]lcyclopropanecarboxylate

from Example 34A were dissolved in 26 ml of dryastbl and slowly added dropwise under a
stream of hydrogen chloride. The temperature of rdmction mixture in the flask was kept

below -10°C at all times. After the addition hadded, the reaction mixture was saturated with
hydrogen chloride at -20°C (about 10 min), the o@pbath was removed and the mixture was
then stirred at RT for 1 h. The reaction mixtureswancentrated at RT (up to 7-8 mbar), 28 ml of

ice-water were added to the residue (12.4 g oflpali 0°C and the mixture was stirred initially at

0°C for 30 min and then at RT overnight. 70 ml tfy¢ acetate were added, the reaction mixture
was stirred at RT for 5 min and the phases wersespiently separated. The aqueous phase was
extracted three times with ethyl acetate. The caetbiorganic phases were washed twice with
saturated aqueous sodium chloride solution and dned over sodium sulphate and concentrated
under reduced pressure at RT and 30 mbar. This Havé g (94% of theory; purity about 90%
according to NMR) of the title compound, which warged for the next step without further

purification.

'H NMR (500 MHz, CDCJ): & [ppm] = 1.00-1.07 (m, 1H), 1.10-1.18 (m, 1H), 183 (m, 6H),
1.33-1.44 (m, 2H), 3.42 (br. d, 1H), 3.57 (br. H)14.07-4.20 (m, 2H), 4.20-4.34 (m, 2H).

Example 36A

Ethyl 1-[ethoxy(oxo)acetyl]cyclopropanecarboxylate
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10.46 g (48.37 mmol) of ethyl 1-(2-ethoxy-1-hydre@ypxoethyl)cyclopropanecarboxylate from
Example 35A were initially charged in 300 ml of atdgethyl ether, and 24.19 g (278.21 mmol) of
activated manganese dioxide (Fluka) were added.rd&etion mixture was stirred at RT for 2 h.
The reaction mixture was then filtered with suctibmough Celit& and the filter residue was
washed with diethyl ether. The filtrate was concated on a rotary evaporator at RT and 70 mbar.
This gave 7.42 g (72% of theory; purity 95% accogdio NMR) of the title compound.

GC-MS (Method 8): R= 3.87 min
MS (Elpos): m/z = 141 (M-73)

'H NMR (500 MHz, CDCJ): & [ppm] = 1.25 (t, 3H), 1.39 (t, 3H), 1.62-1.67 (@), 1.68-1.73 (m,
2H), 4.20 (q, 2H), 4.36 (g, 2H).

Example 37A

Ethyl  1-{3-[5-fluoro-1-(4-methoxybenzyl)-6-methyHtpyrazolo[3,4-b]pyridin-3-yl]-5-hydroxy-

1,2,4-triazin-6-yl}cyclopropanecarboxylate

0
\
CH,
H.C N
3 N N\
N
| PW
F
N
N\
N
—
HO O
o\\
CH

The reaction was carried out analogously to Exarmpke

Ethyl 1-[ethoxy(oxo)acetyl]cyclopropanecarboxylat2.1 equivalents) from Example 36A is

initially charged in ethanol (concentration abou? @nolar) and heated to reflux. 5-Fluoro-1-(4-
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methoxybenzyl)-6-methyl-1H-pyrazolo[3,4-b]pyridiBecarboximidohydrazide (1 equivalent)
from Example 20A, suspended in a mixture of acatid/ethanol (1/4.6 ratio by volume; 20
equivalents of acetic acid; concentration of 54ft-(4-methoxybenzyl)-6-methyl-1H-
pyrazolo[3,4-b]pyridine-3-carboximidohydrazide ab&2 molar) is then added a little at a time.
The reaction mixture is stirred under reflux forhl After cooling, the reaction mixture is
concentrated on a rotary evaporator. The residparified by preparative HPLC (RP-C18, mobile

phase: acetonitrile/water gradient with additio®@5% formic acid or 0.1% TFA).

Example 38A

Ethyl 1-{5-chloro-3-[5-fluoro-1-(4-methoxybenzylHethyl-1H-pyrazolo[3,4-b]pyridin-3-yl]-

1,2,4-triazin-6-yl}cyclopropanecarboxylate

(@)
\
CH3
H.C N
3 | N N\N
P
F
N
N/ \
N
—
Cl O
O\\
CH

The reaction was carried out analogously to Exaphke.

At 0°C, tetrahydrothiophene 1,1-dioxide (sulpholaiieoncentration about 0.1-0.2 molar) and
phosphoryl chloride (50 equivalents) are added ttyl€l-{3-[5-fluoro-1-(4-methoxybenzyl)-6-

methyl-1H-pyrazolo[3,4-b]pyridin-3-yl]-5-hydroxy-2,4-triazin-6-yl}cyclopropanecarboxylate (1
equivalent) from Example 37A. The reaction mixtisgreated with ultrasound until all starting
materials are dissolved and then stirred at 0°Csfamin. The reaction mixture is then stirred at

+10°C for 2 h and used directly for the subsequeadttion.

Example 39A

3'-[5-Fluoro-1-(4-methoxybenzyl)-6-methyl-1H-pyradaf3,4-b]pyridin-3-yl]spiro[cyclopropane-
1,7'-pyrrolo[2,3-e][1,2,4]triazin]-6'(5'H)-one
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The reaction is carried out analogously to Exam3IAa.

The reaction solution of ethyl 1-{5-chloro-3-[5-ftp-1-(4-methoxybenzyl)-6-methyl-1H-
pyrazolo[3,4-b]pyridin-3-yl]-1,2,4-triazin-6-yl}cylopropanecarboxylate from Example 38A is
diluted with dry acetonitrile (concentration abo@01-0.05 molar) and then slowly added
dropwise to a 33% strength agueous ammonia solaimted to 0°C (72 ml of this ammonia
solution per 1 mmol of ethyl 1-{5-chloro-3-[5-flumil-(4-methoxybenzyl)-6-methyl-1H-
pyrazolo[3,4-b]pyridin-3-yl]-1,2,4-triazin-6-yl}cylopropanecarboxylate), with  the internal
temperature being kept between 0-12°C (stronglyhexmic). The mixture is then stirred at room
temperature for about 48 h. The reaction mixtureoiscentrated on a rotary evaporator. Water is
added to the residue and the mixture is extrat¢texkttimes with dichloromethane. The combined
organic phases are washed twice with water and wiiite saturated agueous sodium chloride
solution and then dried over sodium sulphate amteatrated under reduced pressure. The crude
product is purified by preparative HPLC (RP18 cahymmobile phase: acetonitrile/water gradient
with addition of 0.05% formic acid or 0.1% TFA). &lproduct fractions obtained are taken up in
dichloromethane and washed twice with saturatece@as sodium bicarbonate solution. The

combined organic phases are dried over sodium atdpfiltered and concentrated.

Example 40A

3'-(5-Fluoro-6-methyl-1H-pyrazolo[3,4-b]pyridin-3Ygpiro[cyclopropane-1,7'-pyrrolo[2,3-
e][1,2,4]triazin]-6'(5'H)-one
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3'-[5-Fluoro-1-(4-methoxybenzyl)-6-methyl-1H-pyraa[3,4-b]pyridin-3-yl]spiro[cyclopropane-
1,7-pyrrolo[2,3-e][1,2,4]triazin]-6'(5'H)-one froxample 39A (1 equivalent) is initially charged
in acetonitrile/water (2/1) (concentration abou®3.molar), ammoniumcerium(lV) nitrate (4
equivalents) is added and the mixture is stirrecbain temperature for 4 h. Water is added to the
reaction mixture and the mixture is stirred at rotemperature for 2 h and then filtered off,

washed with water and dried under high vacuum.

Example 41A

Ethyl 1-[5-hydroxy-3-(6-methyl-1-{[2-(trimethylsilfethoxy]methyl}-1H-pyrazolo[3,4-b]pyridin-
3-yI)-1,2,4-triazin-6-yl]cyclopropanecarboxylate

p
HC—d:
T Si~cH,

681 mg (3.18 mmol) of ethyl 1-[ethoxy(oxo)acetyljtypropanecarboxylate from Example 36A in
16 ml of ethanol were heated to reflux. 485 mg X1.5nmol) of 6-methyl-1-{]2-



10

15

- 65 -

(trimethylsilyl)ethoxy]methyl}-1H-pyrazolo[3,4-b]pydine-3-carboximidohydrazide from
Example 28A, suspended in a mixture of 1.73 mIZ80nmmol) of acetic acid and 8 ml of ethanol,
were then added a little at a time. The reactiortune was stirred under reflux for 1 h. After
cooling, the reaction mixture was concentrated ootary evaporator. The residue was purified by
preparative HPLC (RP-C18, mobile phase: acetoaltwihter gradient with addition of 0.05%
formic acid). This gave 127 mg of the title compdth5% of theory; purity 86%).

LC-MS (Method 1): R=1.18 min
MS (ESlIpos): m/z = 471 (M+H)

'H NMR (500 MHz, DMSO-¢): & [ppm] = -0.13- -0.08 (m, 9H), 0.83-0.88 (m, 2H)11 (t, 3H),
1.32 (br. s, 2H), 1.41-1.45 (m, 2H), 2.68 (s, 3BIG7 (t, 2H), 4.06 (g, 2H), 5.88 (s, 2H), 7.40 (d,
1H), 8.61 (d, 1H), 14.40 (br. s, 1H).

Example 42A

Ethyl 1-[5-chloro-3-(6-methyl-1-{[2-(trimethylsilykethoxy]methyl}-1H-pyrazolo[3,4-b]pyridin-3-
yD-1,2,4-triazin-6-yl]cyclopropanecarboxylate
CH

/
H.C—d.
3T Si~cH,

3

At 0°C, 2.5 ml of tetrahydrothiophene 1,1-dioxigelpholane) and 1.27 ml of phosphoryl chloride
were added to 127 mg (0.23 mmol, purity 86%) ofykth-[5-hydroxy-3-(6-methyl-1-{[2-
(trimethylsilyl)ethoxy]methyl}-1H-pyrazolo[3,4-b]mydin-3-yl)-1,2,4-triazin-6-

yllcyclopropanecarboxylate from Example 41A. Thaateon mixture was treated with ultrasound
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until all starting materials had been dissolved #meh stirred at 0°C for 5 min. The reaction

mixture was then stirred at +10°C for 90 min anddugirectly for the subsequent reaction.
LC-MS (Method 1): R=1.43 min
MS (ESlIpos): m/z = 489 (M+H)

Example 43A

3'-(6-Methyl-1-{[2-(trimethylsilyl)ethoxy]methyl}-H-pyrazolo[3,4-b]pyridin-3-
yhspiro[cyclopropane-1,7'-pyrrolo[2,3-e][1,2,4Hdin]-6'(5'H)-one

CH

/
3 PI~cH,

3

The reaction solution of ethyl 1-[5-chloro-3-(6-mmgt1-{[2-(trimethylsilyl)ethoxy]methyl}-1H-
pyrazolo[3,4-b]pyridin-3-yl)-1,2,4-triazin-6-yl]cyopropanecarboxylate from Example 42A was
diluted with 30 ml of dry acetonitrile and thenslg added dropwise to a 33% strength aqueous
ammonia solution (41 ml) cooled to 0°C, with theeimal temperature being kept between 0-12°C.
The mixture was then stirred at room temperatureatoout 48 h. The reaction mixture was
concentrated on a rotary evaporator. Water wasdatidthe residue and the mixture was extracted
three times with methyl tert-butyl ether. The condal organic phases were washed twice with
water and once with saturated aqueous sodium delaolution and then dried over sodium
sulphate and concentrated under reduced presshieecriide product was used for the next step

without further purification.

LC-MS (Method 4): R= 3.42 min
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MS (Elpos): m/z = 424 [M+H]

Example 44A

3'-(6-Methyl-1H-pyrazolo[3,4-b]pyridin-3-yl)spirojclopropane-1,7'-pyrrolo[2,3-e][1,2,4]triazin]-
6'(5'H)-one

H,C N N

AN
PV

The crude product 3'-(6-methyl-1-{[2-(trimethyld)igthoxy]methyl}-1H-pyrazolo[3,4-b]pyridin-3-

yl)spiro[cyclopropane-1,7'-pyrrolo[2,3-e][1,2,4Hrin]-6'(5'H)-one from Example 43A was
initially charged in 13 ml of dichloromethane an8l il of trifluoroacetic acid, and the mixture
was stirred at RT for 30 min. The reaction mixtwas concentrated under reduced pressure at
30°C. The residue was concentrated twice from diexand once from toluene under reduced
pressure at 30°C and then dried under high vacéum.of THF and 5 ml of 5% strength aqueous
ammonia solution were added, and the mixture wps&eRT for 5 min. The reaction mixture was

concentrated under reduced pressure at 30°C andesidue was concentrated twice from a
mixture of 5 ml of THF and 5 ml of 5% strength aque ammonia solution under reduced
pressure at 30°C. The residue was purified by petepa HPLC (RP-C18, mobile phase:

acetonitrile/water gradient with addition of 0.0586mic acid). This gave 40 mg (46% of theory;

purity about 90% according to NMR) of the title qoound.

LC-MS (Method 1): R= 0.65 min
MS (ESlIpos): m/z = 294 (M+H)

'H NMR (500 MHz, DMSO-g): & [ppm] = 1.82-1.86 (m, 2H), 1.96-2.00 (m, 2H), 263 3H),
7.26 (d, 1H), 8.66 (d, 1H), 12.31 (br. s, 1H), 2P4(br. s, 1H).
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Working examples:

Example 1

3-[1-(2,3-Difluorobenzyl)-5-fluoro-6-methyl-1H-pyzalo[3,4-b]pyridin-3-yl]-7,7-dimethyl-5,7-
dihydro-6H-pyrrolo[2,3-e][1,2,4]triazin-6-one

F
F
H,C N
3 | N N\N
P/
F
N
SR\
N
—
HN CH,
4 CH,

The reaction solution of methyl 2-{5-chloro-3-[1;82difluorobenzyl)-5-fluoro-6-methyl-1H-
pyrazolo[3,4-b]pyridin-3-yl]-1,2,4-triazin-6-yl}-2nethylpropanoate from Example 9A was diluted
with 72 ml of dry acetonitrile and then slowly adddropwise at 0°C to 109 ml of a 33% strength
aqueous ammonia solution (strongly exothermic). Téaction mixture was stirred at room
temperature overnight and then concentrated oiaayrevaporator at 50°C. 100 ml of water and
150 ml of dichloromethane were added to the resahgk the mixture was vigorously stirred at
room temperature for 30 min. The two phases weqvara¢ed and the aqueous phase was extracted
once with dichloromethane. The combined organicsphawere dried over sodium sulphate,
filtered and concentrated.

9.6 ml of abs. dioxane and 2.4 ml of acetic acidensglded to the crude product, and the mixture
was stirred in a microwave at 100°C for 8 h. Thetore was concentrated and the residue was
stirred with water for 30 min. The solid obtainedsafiltered off and dried under high vacuum. 5.5
ml of ethanol were added to the solid. The suspensvas heated to 50°C and 3.3 ml of
dichloromethane were added such that a clear ealutas obtained. After cooling to 0°C, a first
product fraction of the target compound was filtedf as a solid (241 mg). The filtrate was
concentrated, and 3 ml of ethanol were added. Tbpesision was heated to 50°C and 1.5 ml of
dichloromethane were added such that a clear ealutas obtained. After cooling to RT, a second

product fraction of the target compound was filtedf as a solid (127 mg). The two product



10

15

20

- 69 -

fractions were combined and lyophilized. This g&&8 mg (52% of theory; purity 94%) of the

titte compound.
LC-MS (Method 2): R= 3.35 min
MS (Elpos): m/z = 440 [M+H]

'H NMR (500 MHz, DMSO-¢): & [ppm] = 1.45 (s, 6H), 2.65 (d, 3H), 5.89 (s, 2A))3-7.09 (m,
1H), 7.14-7.21 (m, 1H), 7.36-7.44 (m, 1H), 8.451H), 12.15 (br. s, 1H).

Example 2

Sodium 3-[1-(2,3-difluorobenzyl)-5-fluoro-6-methyH-pyrazolo[3,4-b]pyridin-3-yl]-7,7-
dimethyl-6-0x0-6,7-dihydropyrrolo[2,3-e][1,2,4]tdan-5-ide

F
F
H,C N
T,
N
P
F
N
7\
N
—
N
Na* CH,
I CH,

20 mg (0.046 mmol) of 3-[1-(2,3-difluorobenzyl)-ktbro-6-methyl-1H-pyrazolo[3,4-b]pyridin-3-

yl]-7,7-dimethyl-5,7-dihydro-6H-pyrrolo[2,3-e][1 Z]triazin-6-one from Example 1 were dissolved
in 0.1 ml of THF (gently warmed and then brieflyngzated), and 0.046 ml of a 1 N sodium
hydroxide solution was added. The reaction mixtuas stirred at RT for 2 min and then at 50°C
for 5 min. The mixture was then concentrated amdptitoduct was dried under high vacuum. This

gave 20 mg (91% of theory) of the title compound.
LC-MS (Method 1): R= 1.09 min
MS (Elpos): m/z = 440 [M-Na+2H]

'H NMR (500 MHz, DMSO-¢): & [ppm] = 1.16 (s, 6H), 2.63 (d, 3H), 5.84 (s, 2B)97-7.03 (m,
1H), 7.13-7.21 (m, 1H), 7.35-7.44 (m, 1H), 8.46XHI).
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Example 3

3-[1-(2,3-Difluorobenzyl)-6-methyl-1H-pyrazolo[3[pyridin-3-yl]-7,7-dimethyl-5,7-dihydro-6H-
pyrrolo[2,3-e][1,2,4]triazin-6-0ne

F
F
H.C N
T,
N
P
N
7\
N
—
HN CH3
CH

The reaction solution of methyl 2-{5-chloro-3-[1;82difluorobenzyl)-6-methyl-1H-pyrazolo[3,4-
b]pyridin-3-yl]-1,2,4-triazin-6-yl}-2-methylproparaie from Example 16A was diluted with 85 ml
of dry acetonitrile and then slowly added dropwisea 33% strength aqueous ammonia solution
(78 ml) cooled to 0°C (strongly exothermic; intdrtemperature: 0-12°C). The reaction mixture
was stirred at room temperature overnight. Thericgphase was separated off and concentrated
on a rotary evaporator to about 30 ml, and wates than added. The mixture was treated in an
ultrasonic bath for 1.5 h. The solid was filter#l with suction, washed with water and a little
acetonitrile and dried under high vacuum. The residias dissolved in DMF (a few drops) and
dichloromethane and purified by flash chromatogyafmobile phase: cyclohexane/ethyl acetate
gradient). The product fractions were concentrated ethyl acetate and diisopropyl ether were
added to the residue. The solid was filtered ofhwiuction and dried under high vacuum.

Since the product still contained a little DMFwas purified further as follows: ethanol/water
were added to the crude product, the mixture wiagdtat 90°C for 30 min and cooled in an ice
bath and the product was washed with ethanol/vaatdrdried under high vacuum. The solid was
dissolved in 60 ml of ethanol under reflux, cookad concentrated under reduced pressure to
about 10 ml. The ethanol/water filtrate from thestfiextraction experiment and 100 ml of water
were added. The mixture was then briefly cooledririce bath and the solid was filtered off with
suction, washed with water and a little water/etthamd dried under high vacuum overnight. This

gave 290 mg of the target compound (23% of theory).
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LC-MS (Method 1): R= 1.05 min
MS (Elpos): m/z = 422 [M+H]

'H NMR (500 MHz, DMSO-¢): & [ppm] = 1.45 (s, 6H), 2.68 (s, 3H), 5.88 (s, 2AP0-7.05 (m,
1H), 7.14-7.20 (m, 1H), 7.35-7.42 (m, 1H), 7.361H)), 8.72 (d, 1H), 12.12 (br. s, 1H).

Example 4

Sodium  3-[1-(2,3-difluorobenzyl)-6-methyl-1H-pyrdaf8,4-b]pyridin-3-yl]-7,7-dimethyl-6-0xo-
6,7-dihydropyrrolo[2,3-e][1,2,4]triazin-5-ide

F
F
H,C N
N \
N
| PW
N
7 A\
N
s
N
Na CH,
4 CH3

14.7 mg (0.035 mmol) of 3-[1-(2,3-difluorobenzybatethyl-1H-pyrazolo[3,4-b]pyridin-3-yl]-7,7-

dimethyl-5,7-dihydro-6H-pyrrolo[2,3-€][1,2,4]triari6-one from Example 3 were dissolved in 0.2
ml of THF, and 0.035 ml of a 1 N aqueous sodiumrayidle solution was added. The reaction
mixture was stirred at RT for 2 min and then at&G8% 5 min. The mixture was then concentrated

and dried under high vacuum. This gave 15.4 mga@Df theory) of the title compound.
LC-MS (Method 1): R= 1.05 min
MS (Elpos): m/z = 422 [M-Na+2H]

'H NMR (400 MHz, DMSO-g): & [ppm] = 1.15 (s, 6H), 2.65 (s, 3H), 5.82 (s, 26191-6.98 (m,
1H), 7.11-7.19 (m, 1H), 7.26 (d, 1H), 7.33-7.43 (), 8.71 (d, 1H).
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Example 5

3-[5-Fluoro-1-(2-fluoro-4-methylbenzyl)-6-methyl-1pirazolo[3,4-b]pyridin-3-yl]-7,7-dimethyl-
5,7-dihydro-6H-pyrrolo[2,3-€e][1,2,4]triazin-6-0ne

F
CH3
H.C N
3 | N N\
N
P/
F
74 N
N \
N
=
HN
CH3
3 CH3

80 mg (0.255 mmol) of 3-(5-fluoro-6-methyl-1H-pyodal3,4-b]pyridin-3-yl)-7,7-dimethyl-5,7-
dihydro-6H-pyrrolo[2,3-€][1,2,4]triazin-6-one froExample 24A were initially charged in 2.7 ml
of DMF and heated to 80°C. 333 mg (1.02 mmol) afsiam carbonate were added to the mixture.
40 mg (0.19 mmol) of 1-(bromomethyl)-2-fluoro-4-mglbenzene, dissolved in 0.27 ml of DMF,
were then added in 10 portions over a period ahii®to the reaction mixture at 80°C, with about
1 min of stirring at 80°C between the individuadaobns. The mixture was then stirred at 80°C
for 10 min. The mixture was then diluted with etl®detate and washed twice with water. The
organic phase was dried over sodium sulphaterdilteand concentrated. The crude product was
dissolved in dichloromethane/methanol/l N solutbmammonia in methanol (2/2/1) and purified
by thick-layer chromatography (mobile phase: diohoeethane/methanol = 40/1). This gave 7 mg
of the target compound (6% of theory; purity 98%).

LC-MS (Method 1): R=1.17 min
MS (Elpos): m/z = 436 [M+H]

'H NMR (500 MHz, DMSO-g): & [ppm] = 1.44 (s, 6H), 2.28 (s, 3H), 2.65 (d, 3B){7 (s, 2H),
6.97 (d, 1H), 7.05 (d, 1H), 7.13 (t, 1H), 8.441#), 12.14 (br. s, 1H).

Example 6

3-[1-(2-Fluoro-4-methylbenzyl)-6-methyl-1H-pyraz3o4-b]pyridin-3-yl]-7,7-dimethyl-5,7-
dihydro-6H-pyrrolo[2,3-e][1,2,4]triazin-6-one
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CH

100 mg (0.31 mmol, purity 90%) of 7,7-dimethyl-3+(@&thyl-1H-pyrazolo[3,4-b]pyridin-3-yl)-5,7-
dihydro-6H-pyrrolo[2,3-€][1,2,4]triazin-6-one froExample 32A were initially charged in 3.2 ml
of DMF and heated to 80°C. 397 mg (1.22 mmol) @fsiam carbonate were added to the mixture.
54 mg (0.26 mmol) of 1-(bromomethyl)-2-fluoro-4-tngbenzene, dissolved in 0.32 ml of DMF,
were then added in 10 portions over a period ahii®to the reaction mixture at 80°C, with about
1 min of stirring at 80°C between the individuadaobns. The mixture was then stirred at 80°C
for 10 min. The mixture was then cooled, and watad 0.5 ml of formic acid were added. The
resulting precipitate was filtered off and washdthvacetonitrile and the filtrate was purified by
preparative HPLC (RP-C18, mobile phase: acetoalwihter gradient with addition of 0.05%
formic acid). This gave 20 mg of the target compab(6% of theory).

LC-MS (Method 1): R= 1.06 min
MS (Elpos): m/z = 418 [M+H]

'H NMR (500 MHz, DMSO-¢): & [ppm] = 1.45 (s, 6H), 2.28 (s, 3H), 2.67 (s, 3B){7 (s, 2H),
6.96 (d, 1H), 7.05 (d, 1H), 7.07-7.13 (m, 1H), 7(841H), 8.70 (d, 1H), 12.13 (br. s, 1H).

Example 7

3-[1-(2,4-Difluorobenzyl)-5-fluoro-6-methyl-1H-pyzalo[3,4-b]pyridin-3-yl]-7,7-dimethyl-5,7-
dihydro-6H-pyrrolo[2,3-e][1,2,4]triazin-6-one
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80 mg (0.255 mmol) of 3-(5-fluoro-6-methyl-1H-pyoda[3,4-b]pyridin-3-yl)-7,7-dimethyl-5,7-
dihydro-6H-pyrrolo[2,3-e][1,2,4]triazin-6-one froExample 24A were initially charged in 2.7 ml
of DMF and heated to 80°C. 333 mg (1.02 mmol) @&stam carbonate were added to the mixture.
40.5 mg (0.19 mmol) of 1-(bromomethyl)-2,4-diflubemzene, dissolved in 0.27 ml of DMF, were
then added in 10 portions over a period of 10 mithe reaction mixture at 80°C, with about 1 min
of stirring at 80°C between the individual addigsoThe mixture was then stirred at 80°C for 10
min. The reaction mixture was diluted with ethyletate and washed twice with water. The
organic phase was dried over sodium sulphaterdit@nd concentrated. The crude product was
dissolved in dichloromethane/methanol/1 N solutbdmmmonia in methanol (2/2/1) and purified
by thick-layer chromatography (mobile phase: diotoeethane/methanol = 40/1). This gave 17
mg of the target compound (15% of theory).

LC-MS (Method 1): R=1.13 min
MS (Elpos): m/z = 440 [M+H]

'H NMR (500 MHz, DMSO-¢): & [ppm] = 1.43 (s, 6H), 2.65 (d, 3H), 5.80 (s, 204 — 7.10 (m,
1H), 7.25 — 7.31 (m, 1H), 7.32 — 7.39 (m, 1H), 8d41H), 12.15 (br. s, 1H).

Example 8

3-[1-(2,4-Difluorobenzyl)-6-methyl-1H-pyrazolo[3lpyridin-3-yl]-7,7-dimethyl-5,7-dihydro-6H-
pyrrolo[2,3-e][1,2,4]triazin-6-0ne
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100 mg (0.31 mmol, purity 90%) of 7,7-dimethyl-3+(@&thyl-1H-pyrazolo[3,4-b]pyridin-3-yl)-5,7-
dihydro-6H-pyrrolo[2,3-€][1,2,4]triazin-6-one froExample 32A were initially charged in 3.2 ml
of DMF and heated to 80°C. 397 mg (1.22 mmol) @fsiam carbonate were added to the mixture.
55 mg (0.26 mmol) of 1-(bromomethyl)-2,4-difluorsizene, dissolved in 0.32 ml of DMF, were
then added in 10 portions over a period of 10 mithé reaction mixture at 80°C, with about 1 min
of stirring at 80°C between the individual addisoThe mixture was then stirred at 80°C for 10
min. The reaction mixture was cooled, and water @ridml of formic acid were added. The
resulting precipitate was filtered off and washdthvacetonitrile and the filtrate was purified by
preparative HPLC (RP-C18, mobile phase: acetoalwihter gradient with addition of 0.05%
formic acid). This gave 29 mg of the target comab(22% of theory).

LC-MS (Method 1): R= 1.02 min
MS (Elpos): m/z = 422 [M+H]

'H NMR (500 MHz, DMSO-¢): & [ppm] = 1.44 (s, 6H), 2.68 (s, 3H), 5.80 (s, 2AP3-7.10 (m,
1H), 7.25-7.35 (m, 2H), 7.36 (d, 1H), 8.71 (d, 182,16 (br. s, 1H).

Example 9

3-[1-(4-Chloro-2-fluorobenzyl)-5-fluoro-6-methyl-tplyrazolo[3,4-b]pyridin-3-yl]-7,7-dimethyl-
5,7-dihydro-6H-pyrrolo[2,3-€e][1,2,4]triazin-6-0ne
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80 mg (0.255 mmol) of 3-(5-fluoro-6-methyl-1H-pyodal3,4-b]pyridin-3-yl)-7,7-dimethyl-5,7-
dihydro-6H-pyrrolo[2,3-€][1,2,4]triazin-6-one froExample 24A were initially charged in 2.7 ml
of DMF and heated to 80°C. 333 mg (1.02 mmol) afsiam carbonate were added to the mixture.
44 mg (0.19 mmol) of 1-(bromomethyl)-4-chloro-2dhebenzene, dissolved in 0.27 ml of DMF,
were then added in 10 portions over a period ahii®to the reaction mixture at 80°C, with about
1 min of stirring at 80°C between the individuaddobns. The mixture was then stirred at 80°C
for 10 min. The reaction mixture was diluted withy¢ acetate and washed twice with water. The
organic phase was dried over sodium sulphaterdiiteand concentrated. The crude product was
dissolved in dichloromethane/methanol/l N solutbmammonia in methanol (2/2/1) and purified
by thick-layer chromatography (mobile phase: diohoethane/methanol = 40/1). This gave 24
mg of the target compound (21% of theory).

LC-MS (Method 1): R=1.19 min
MS (Elpos): m/z = 456 [M+H]

'H NMR (500 MHz, DMSO-¢): & [ppm] = 1.45 (s, 6H), 2.65 (d, 3H), 5.82 (s, 2AR6-7.31 (m,
2H), 7.46-7.50 (m, 1H), 8.44 (d, 1H), 12.16 (brlH).

Example 10

3-[1-(4-Chloro-2-fluorobenzyl)-6-methyl-1H-pyraz¢®y4-b]pyridin-3-yl]-7,7-dimethyl-5,7-
dihydro-6H-pyrrolo[2,3-e][1,2,4]triazin-6-one
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100 mg (0.34 mmol; purity 90%) of 7,7-dimethyl-3+t&thyl-1H-pyrazolo[3,4-b]pyridin-3-yI)-
5,7-dihydro-6H-pyrrolo[2,3-e][1,2,4]triazin-6-oneoin Example 32A were initially charged in 3.2
ml of DMF and heated to 80°C. 441 mg (1.36 mmol)caésium carbonate were added to the
mixture. 64 mg (0.29 mmol) of 1-(bromomethyl)-4-a@td-2-fluorobenzene, dissolved in 0.32 ml of
DMF, were then added in 10 portions over a periiotiOomin to the reaction mixture at 80°C, with
about 1 min of stirring at 80°C between the indidbadditions. The mixture was then stirred at
80°C for 10 min. The reaction mixture was cooledd avater and 0.5 ml of formic acid were
added. The resulting precipitate was filtered offl avashed with acetonitrile and the filtrate was
purified by preparative HPLC (RP-C18, mobile phasmetonitrile/water gradient with addition of
0.05% formic acid). This gave 30 mg of the targghpound (21% of theory).

LC-MS (Method 1): R= 1.08 min
MS (Elpos): m/z = 438 [M+H]

'H NMR (500 MHz, DMSO-¢): & [ppm] = 1.45 (s, 6H), 2.68 (s, 3H), 5.81 (s, 2AR2-7.29 (m,
2H), 7.36 (d, 1H), 7.46-7.50 (m, 1H), 8.71 (d, 182,13 (br. s, 1H).

Example 11

3-[5-Fluoro-6-methyl-1-(2,3,6-trifluorobenzyl)-1Hymzolo[3,4-b]pyridin-3-yl]- 7, 7-dimethyl-5, 7-
dihydro-6H-pyrrolo[2,3-e][1,2,4]triazin-6-one



10

15

-78 -

F
HC Ny N -
| N F
P/
F

N
7\
N

—

HN
CH,
I e,

80 mg (0.255 mmol) of 3-(5-fluoro-6-methyl-1H-pyodal3,4-b]pyridin-3-yl)-7,7-dimethyl-5,7-
dihydro-6H-pyrrolo[2,3-€][1,2,4]triazin-6-one froExample 24A were initially charged in 2.7 ml
of DMF and heated to 80°C. 333 mg (1.02 mmol) afsiam carbonate were added to the mixture.
44.4 mg (0.19 mmol) of 2-(bromomethyl)-1,3,4-trdhobenzene, dissolved in 0.27 ml of DMF,
were then added in 10 portions over a period ahii®to the reaction mixture at 80°C, with about
1 min of stirring at 80°C between the individuadéobns. The mixture was then stirred at 80°C
for 10 min. The reaction mixture was diluted withy¢ acetate and washed twice with water. The
organic phase was dried over sodium sulphaterdilteand concentrated. The crude product was
purified by thick-layer chromatography (mobile pbasgichloromethane/methanol = 40/1). This
gave 33 mg of the target compound (28% of theory).

LC-MS (Method 1): R= 1.09 min
MS (Elpos): m/z = 458 [M+H]

'H NMR (500 MHz, DMSO-¢): & [ppm] = 1.44 (s, 6H), 2.66 (d, 3H), 5.86 (s, 2A).6-7.24 (m,
1H), 7.50-7.60 (m, 1H), 8.43 (d, 1H), 12.14 (brlH).

Example 12

7,7-Dimethyl-3-[6-methyl-1-(2,3,6-trifluorobenzyl)H-pyrazolo[3,4-b]pyridin-3-yl]-5,7-dihydro-
6H-pyrrolo[2,3-e][1,2,4]triazin-6-one
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100 mg (0.27 mmol; purity 90%) of 7,7-dimethyl-3+t&thyl-1H-pyrazolo[3,4-b]pyridin-3-yI)-
5,7-dihydro-6H-pyrrolo[2,3-€e][1,2,4]triazin-6-oneoin Example 32A were initially charged in 2.8
ml of DMF and heated to 80°C. 353 mg (1.08 mmol)caésium carbonate were added to the
mixture. 56 mg (0.24 mmol) of 2-(bromomethyl)-1;&dluorobenzene, dissolved in 0.28 ml of
DMF, were then added in 10 portions over a periiotiOomin to the reaction mixture at 80°C, with
about 1 min of stirring at 80°C between the indidbadditions. The mixture was then stirred at
80°C for 10 min. The reaction mixture was cooledtev and 0.5 ml of formic acid were added
and the product was purified by preparative HPL®-&L8, mobile phase: acetonitrile/water
gradient with addition of 0.05% formic acid). Thgave 38 mg of the target compound (32% of
theory).

LC-MS (Method 1): R= 1.02 min
MS (Elpos): m/z = 440 [M+H]

'H NMR (500 MHz, DMSO-¢): & [ppm] = 1.44 (s, 6H), 2.69 (s, 3H), 5.85 (s, 2A)6-7.22 (m,
2H), 7.36 (d, 1H), 7.50-7.58 (m, 1H), 8.69 (d, 182,13 (br. s, 1H).

Example 13

3-[1-(3-Chloro-2-fluorobenzyl)-5-fluoro-6-methyl-tplyrazolo[3,4-b]pyridin-3-yl]-7,7-dimethyl-
5,7-dihydro-6H-pyrrolo[2,3-€e][1,2,4]triazin-6-0ne
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80 mg (0.255 mmol) of 3-(5-fluoro-6-methyl-1H-pyodal3,4-b]pyridin-3-yl)-7,7-dimethyl-5,7-
dihydro-6H-pyrrolo[2,3-€][1,2,4]triazin-6-one froExample 24A were initially charged in 2.7 ml
of DMF and heated to 80°C. 333 mg (1.02 mmol) a&fsiam carbonate were added to the mixture.
44.6 mg (0.19 mmol) of 1-(bromomethyl)-3-chlorot@erobenzene, dissolved in 0.27 ml of DMF,
were then added in 10 portions over a period ahii®to the reaction mixture at 80°C, with about
1 min of stirring at 80°C between the individuadaobns. The mixture was then stirred at 80°C
for 10 min. The reaction mixture was diluted withy¢ acetate and washed twice with water. The
organic phase was dried over sodium sulphaterdiiteand concentrated. The crude product was
purified by thick-layer chromatography (mobile pbasgichloromethane/methanol = 40/1). This
gave 26 mg of the target compound (21% of theory).

LC-MS (Method 1): R=1.15 min
MS (Elpos): m/z = 456 [M+H]

'H NMR (500 MHz, DMSO-g): & [ppm] = 1.44 (s, 6H), 2.65 (d, 3H), 5.88 (s, 2A)L8 — 7.26 (m,
2H), 7.53 — 7.58 (m, 1H), 8.45 (d, 1H), 12.14 &rl1H).

Example 14

3-[1-(3-Chloro-2-fluorobenzyl)-6-methyl-1H-pyraz¢&y4-b]pyridin-3-yl]-7,7-dimethyl-5,7-
dihydro-6H-pyrrolo[2,3-e][1,2,4]triazin-6-one
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100 mg (0.31 mmol, purity 90%) of 7,7-dimethyl-3+(@&thyl-1H-pyrazolo[3,4-b]pyridin-3-yl)-5,7-
dihydro-6H-pyrrolo[2,3-€][1,2,4]triazin-6-one froExample 32A were initially charged in 3.2 ml
of DMF and heated to 80°C. 397 mg (1.22 mmol) afsiam carbonate were added to the mixture.
60 mg (0.26 mmol) of 1-(bromomethyl)-3-chloro-2dhobenzene, dissolved in 0.32 ml of DMF,
were then added in 10 portions over a period ahii®to the reaction mixture at 80°C, with about
1 min of stirring at 80°C between the individuadagbns. The mixture was then stirred at 80°C
for 10 min. The reaction mixture was cooled, angewand 0.5 ml of formic acid were added. The
resulting precipitate was filtered off and washdthvacetonitrile and the filtrate was purified by
preparative HPLC (RP-C18, mobile phase: acetoaltwihter gradient with addition of 0.05%
formic acid). This gave 33 mg of the target comab(26% of theory).

LC-MS (Method 1): R=1.10 min
MS (Elpos): m/z = 438 [M+H]

'H NMR (500 MHz, DMSO-¢): & [ppm] = 1.44 (s, 6H), 2.68 (s, 3H), 5.87 (s, 2A)6-7.23 (m,
2H), 7.37 (d, 1H), 7.52-7.59 (m, 1H), 8.72 (d, 112,16 (br. s, 1H).

Example 15

3-[1-(2,6-Difluorobenzyl)-5-fluoro-6-methyl-1H-pyzalo[3,4-b]pyridin-3-yl]-7,7-dimethyl-5,7-
dihydro-6H-pyrrolo[2,3-e][1,2,4]triazin-6-one
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50 mg (0.16 mmol) of 3-(5-fluoro-6-methyl-1H-pyradaf3,4-b]pyridin-3-yl)-7,7-dimethyl-5,7-

dihydro-6H-pyrrolo[2,3-€][1,2,4]triazin-6-one froExample 24A were initially charged in 0.5 ml
of DMF, 156 mg (0.48 mmol) of caesium carbonate &%5 mg (0.12 mmol) of 2,6-

difluorobenzyl bromide were added and the mixtumes vetirred at room temperature for 1 h.
Another 6.6 mg (0.032 mmol) of 2,6-difluorobenzybinide were added and the mixture was
stirred at room temperature for 0.5 h. The reactiorture was diluted with ethyl acetate and
washed twice with water. The organic phase wasdddeer sodium sulphate, filtered and
concentrated. The crude product was purified bgkthayer chromatography (mobile phase:

dichloromethane/methanol = 40/1). This gave 10.4irtge target compound (15% of theory).
LC-MS (Method 1): R=1.10 min
MS (Elpos): m/z = 440 [M+H]

'H NMR (500 MHz, DMSO-¢): & [ppm] = 1.44 (s, 6H), 2.67 (d, 3H), 5.82 (s, 2AY.2-7.19 (m,
2H), 7.44-7.52 (m, 1H), 8.41 (d, 1H), 12.14 (brlH).

Example 16

3-[1-(2,6-Difluorobenzyl)-6-methyl-1H-pyrazolo[3[pyridin-3-yl]-7,7-dimethyl-5,7-dihydro-6H-
pyrrolo[2,3-e][1,2,4]triazin-6-0ne
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100 mg (0.34 mmol; purity 90%) of 7,7-dimethyl-3+t&thyl-1H-pyrazolo[3,4-b]pyridin-3-yl)-
5,7-dihydro-6H-pyrrolo[2,3-€e][1,2,4]triazin-6-oneoin Example 32A were initially charged in 3.2
ml of DMF and heated to 80°C. 441 mg (1.36 mmol)caésium carbonate were added to the
mixture. 60 mg (0.29 mmol) of 2-(bromomethyl)-1Bwbrobenzene, dissolved in 0.32 ml of
DMF, were then added in 10 portions over a periiotiOomin to the reaction mixture at 80°C, with
about 1 min of stirring at 80°C between the indidbadditions. The mixture was then stirred at
80°C for 10 min. The reaction mixture was cooledd avater and 0.5 ml of formic acid were
added. The resulting precipitate was filtered offl avashed with acetonitrile and the filtrate was
purified by preparative HPLC (RP-C18, mobile phasmetonitrile/water gradient with addition of
0.05% formic acid). This gave 43 mg of the targghpound (29% of theory).

LC-MS (Method 1): R= 1.00 min
MS (Elpos): m/z = 422 [M+H]

'H NMR (500 MHz, DMSO-g): & [ppm] = 1.43 (s, 6H), 2.69 (s, 3H), 5.81 (s, 2A)0-7.18 (m,
2H), 7.34 (d, 1H), 7.43-7.51 (m, 1H), 8.69 (d, 182,12 (br. s, 1H).

Example 17

3-[5-Fluoro-1-(3-fluoro-4-methylbenzyl)-6-methyl-1pirazolo[3,4-b]pyridin-3-yl]-7,7-dimethyl-
5,7-dihydro-6H-pyrrolo[2,3-€e][1,2,4]triazin-6-0ne
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80 mg (0.255 mmol) of 3-(5-fluoro-6-methyl-1H-pyoda[3,4-b]pyridin-3-yl)-7,7-dimethyl-5,7-
dihydro-6H-pyrrolo[2,3-e][1,2,4]triazin-6-one froExample 24A were initially charged in 2.7 ml
of DMF and heated to 80°C. 333 mg (1.02 mmol) @&stam carbonate were added to the mixture.
38.9 mg (0.19 mmol) of 4-(bromomethyl)-2-fluoro-fthylbenzene, dissolved in 0.27 ml of DMF,
were then added in 10 portions over a period ahitDto the reaction mixture at 80°C, with about
1 min of stirring at 80°C between the individuaddobns. The mixture was then stirred at 80°C
for 10 min. The reaction mixture was diluted withyd acetate and washed twice with water. The
organic phase was dried over sodium sulphaterdit@nd concentrated. The crude product was
purified by thick-layer chromatography (mobile p&aslichloromethane/methanol = 40/1). This
gave 27 mg of the target compound (22% of thearyityp92%).

LC-MS (Method 1): R=1.17 min
MS (Elpos): m/z = 436 [M+H]

'H NMR (500 MHz, DMSO-¢): & [ppm] = 1.45 (s, 6H), 2.16 -2.20 (m, 3H), 2.65 3#), 5.76 (s,
2H), 6.99 — 7.03 (m, 1H), 7.04 — 7.09 (m, 1H), 7(®3H), 8.44 (d, 1H), 12.14 (br. s, 1H).

Example 18

3-[1-(3-Fluoro-4-methylbenzyl)-6-methyl-1H-pyrazf3o4-b]pyridin-3-yl]-7,7-dimethyl-5,7-
dihydro-6H-pyrrolo[2,3-e][1,2,4]triazin-6-0ne
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40 mg (0.135 mmol) of 7,7-dimethyl-3-(6-methyl-1razolo[3,4-b]pyridin-3-yl)-5,7-dihydro-6H-
pyrrolo[2,3-e][1,2,4]triazin-6-one from Example 32¥ere initially charged in 1.3 ml of DMF and
heated to 80°C. 221 mg (0.677 mmol) of caesiumaraate were added to the mixture. 20.6 mg
(0.1202 mmol) of 4-(bromomethyl)-2-fluoro-1-methytizene, dissolved in 0.13 ml of DMF, were
then added in 10 portions over a period of 10 mithe reaction mixture at 80°C, with about 1 min
of stirring at 80°C between the individual addigsomhe mixture was then stirred at 80°C for 10
min. The reaction mixture was cooled, water andn@l.8f formic acid were added and the product
was purified by preparative HPLC (RP-C18, mobileagd#t acetonitrile/water gradient with
addition of 0.05% formic acid). This gave 18.5 nighe target compound (33% of theory).

LC-MS (Method 1): R=1.09 min
MS (Elpos): m/z = 418 [M+H]

'H NMR (500 MHz, DMSO-g): & [ppm] = 1.45 (s, 6H), 2.16 - 2.19 (m, 3H), 2.6738l), 5.75 (s,
2H), 6.98 - 7.02 (m, 1H), 7.03 - 7.08 (m, 1H), 7-2125 (m, 1H), 7.35 (d, 1H), 8.71 (d, 1H), 12.14
(br. s, 1H).

Example 19

3-[1-(2,3-Difluoro-4-methylbenzyl)-5-fluoro-6-meth§H-pyrazolo[3,4-b]pyridin-3-yl]-7,7-
dimethyl-5,7-dihydro-6H-pyrrolo[2,3-e][1,2,4]triari6-0ne
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100 mg (0.319 mmol) of 3-(5-fluoro-6-methyl-1H-pyodo[3,4-b]pyridin-3-yl)-7,7-dimethyl-5,7-
dihydro-6H-pyrrolo[2,3-€][1,2,4]triazin-6-one froExample 24A were initially charged in 3.4 ml
of DMF and heated to 80°C. 416 mg (1.28 mmol) @fsiam carbonate were added to the mixture.
53 mg (0.24 mmol) of 1-(bromomethyl)-2,3-difluoresdethylbenzene, dissolved in 0.34 ml of
DMF, were then added in 10 portions over a periiotiOomin to the reaction mixture at 80°C, with
about 1 min of stirring at 80°C between the indidbadditions. The mixture was then stirred at
80°C for 10 min. The reaction mixture was diluteithvethyl acetate and washed twice with water.
The organic phase was dried over sodium sulphitierefl and concentrated. The crude product
was purified by thick-layer chromatography (mobjlease: dichloromethane/methanol = 40/1).

This gave 22 mg of the target compound (14% ofryjeo

LC-MS (Method 1): R= 1.20 min
MS (Elpos): m/z = 454 [M+H]

'H NMR (500 MHz, DMSO-g): & [ppm] = 1.45 (s, 6H), 2.23 -2.26 (m, 3H), 2.65 3tH), 5.83 (s,
2H), 6.95 - 7.01 (m, 1H), 7.03 — 7.09 (m, 1H), 8d41H), 12.14 (br. s, 1H).

Example 20

3-[1-(2,3-Difluoro-4-methylbenzyl)-6-methyl-1H-pyzalo[3,4-b]pyridin-3-yl]-7,7-dimethyl-5,7-
dihydro-6H-pyrrolo[2,3-e][1,2,4]triazin-6-one



CH

40 mg (0.135 mmol) of 7,7-dimethyl-3-(6-methyl-1razolo[3,4-b]pyridin-3-yl)-5,7-dihydro-6H-
pyrrolo[2,3-e][1,2,4]triazin-6-one from Example 32¥ere initially charged in 1.3 ml of DMF and
heated to 80°C. 177 mg (0.542 mmol) of caesiumaraate were added to the mixture. 25.5 mg
(0.115 mmol) of 1-(bromomethyl)-2,3-difluoro-4-mglbenzene, dissolved in 0.13 ml of DMF,
were then added in 10 portions over a period ahitDto the reaction mixture at 80°C, with about
1 min of stirring at 80°C between the individuaddobns. The mixture was then stirred at 80°C
for 10 min. The reaction mixture was cooled, andewand 0.2 ml of formic acid were added. The
resulting precipitate was filtered off with suctiamd washed with acetonitrile. The solid was
dissolved in TFA/DMF and then purified by preparatiHPLC (RP-C18, mobile phase:
acetonitrile/water gradient with addition of 0.058mic acid). This gave 16.7 mg of the target

compound (28% of theory).
LC-MS (Method 1): R=1.08 min
MS (Elpos): m/z = 436 [M+H]

'H NMR (500 MHz, DMSO-¢): & [ppm] = 1.45 (s, 6H), 2.23 - 2.26 (m, 3H), 2.683H), 5.82 (s,
2H), 6.91 - 6.97 (m, 1H), 7.02 - 7.08 (m, 1H), 7(851H), 8.71 (d, 1H), 12.14 (br. s, 1H).
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3'-[5-Fluoro-1-(2-fluoro-4-methylbenzyl)-6-methyHipyrazolo[3,4-b]pyridin-3-
yl]spiro[cyclopropane-1,7'-pyrrolo[2,3-e][1,2,4din]-6'(5'H)-one
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3'-(5-Fluoro-6-methyl-1H-pyrazolo[3,4-b]pyridin-3Ygpiro[cyclopropane-1,7'-pyrrolo[2,3-
e][1,2,4]triazin]-6'(5'H)-one (1 equivalent) fromx&mple 40A is initially charged in DMF
(concentration about 0.1 molar) and heated to 8@d&sium carbonate (4 equivalents) is added,
and the mixture is stirred for 10 min. 1-(Bromomdi2-fluoro-4-methylbenzene (0.75
equivalent), dissolved in DMF (concentration ab@uat molar), is then added in 10 portions over a
period of 10 min to the reaction mixture at 80°@hvabout 1 min of stirring at 80°C between the
individual additions. The mixture is then stirred80°C for 10 min. The mixture is then diluted
with ethyl acetate and washed twice with water. dtganic phase is dried over sodium sulphate,
filtered and concentrated. The crude product isah®d in dichloromethane/methanol/l N
solution of ammonia in methanol (2/2/1) and pudfiby thick-layer chromatography (mobile
phase: dichloromethane/methanol) or alternativghypkeparative HPLC (RP-C18, mobile phase:

acetonitrile/water gradient with addition of 0.1%A).

Example 22

3'-[1-(2-Fluoro-4-methylbenzyl)-6-methyl-1H-pyran{8,4-b]pyridin-3-yl]spiro[cyclopropane-1,7'-
pyrrolo[2,3-e][1,2,4]triazin]-6'(5'H)-one
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142 mg

initially charged in 500 ul of DMF, and 142 mg (8&4mmol) of caesium carbonate were added.
The mixture was heated to 80°C and stirred for I ih1 mg (0.034 mmol) of 1-(bromomethyl)-
2-fluoro-4-methylbenzene, dissolved in 50 ul of DMiere then added in 10 portions over a
period of 10 min to the reaction mixture at 80°@hvabout 1 min of stirring at 80°C between the
individual additions. The mixture was then stirr@d80°C for 10 min. The mixture was then
cooled, and 0.1 ml of water and 0.9 ml of formiedawere added. The mixture was purified by

preparative HPLC (RP-C18, mobile phase: acetoeitviter gradient with addition of 0.1%

-89 -
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(0.044 mmol, purity 90%) of 3'-(6-methyl-pMrazolo[3,4-b]pyridin-3-
yhspiro[cyclopropane-1,7'-pyrrolo[2,3-€][1,2,4Hdin]-6'(5'H)-one from Example 44A were

formic acid). This gave 1.6 mg of the target comqmub(P% of theory).

LC-MS (Method 1): R= 1.05 min

MS (Elpos): m/z = 416 [M+H]

'H NMR (500 MHz, DMSO-g): & [ppm] = 1.80-1.86 (m, 2H), 1.93-2.00 (m, 2H), 223 3H),
2.67 (s, 3H), 5.76 (s, 2H), 6.96 (d, 1H), 7.061M), 7.12 (t, 1H), 7.33 (d, 1H), 8.68 (d, 1H), 12.3

(br. s, 1H).
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3'-[1-(2,3-Difluorobenzyl)-5-fluoro-6-methyl-1H-pgizolo[3,4-b]pyridin-3-yl]spiro[cyclopropane-
1,7'-pyrrolo[2,3-e][1,2,4]triazin]-6'(5'H)-one
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3'-(5-Fluoro-6-methyl-1H-pyrazolo[3,4-b]pyridin-3)gpiro[cyclopropane-1,7'-pyrrolo[2,3-
e][1,2,4]triazin]-6'(5'H)-one (1 equivalent) fromx&mple 40A is initially charged in DMF
(concentration about 0.1 molar) and heated to 8@d&sium carbonate (4 equivalents) is added,
and the mixture is then stirred for 10 min. 1-(Bmnethyl)-2,3-difluorobenzene (0.75 equivalent),
dissolved in DMF (concentration about 0.7 molas)then added in 10 portions over a period of 10
min to the reaction mixture at 80°C, with about thmof stirring at 80°C between the individual
additions. The mixture is then stirred at 80°C I06rmin. The mixture is then diluted with ethyl
acetate and washed twice with water. The orgaras@ls dried over sodium sulphate, filtered and
concentrated. The crude product is dissolved irhldiomethane/methanol/l N solution of
ammonia in methanol (2/2/1) and purified by thiakdr chromatography (mobile phase:
dichloromethane/methanol) or alternatively by prapge HPLC (RP-C18, mobile phase:

acetonitrile/water gradient with addition of 0.1%A).

Example 24

3'-[1-(2,3-Difluorobenzyl)-6-methyl-1H-pyrazolo[ 3] pyridin-3-yl]spiro[cyclopropane-1,7'-
pyrrolo[2,3-€][1,2,4]triazin]-6'(5'H)-one
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10.0 mg (0.031 mmol, purity 90%) of 3'-(6-methyl-pyirazolo[3,4-b]pyridin-3-

yl)spiro[cyclopropane-1,7'-pyrrolo[2,3-e][1,2,4Hrin]-6'(5'H)-one from Example 44A were
initially charged in 352 pl of DMF, and 100 mg (073mmol) of caesium carbonate were added.
The mixture was heated to 80°C and stirred for i ;11 mg (0.024 mmol) of 1-(bromomethyl)-
2,3-difluorobenzene, dissolved in 35 pl of DMF, eélhen added in 10 portions over a period of
10 min to the reaction mixture at 80°C, with abbumin of stirring at 80°C between the individual
additions. The mixture was then stirred at 80°Clformin. The mixture was then cooled, and 0.1
ml of water and 0.9 ml of formic acid were addeteTixture was purified by preparative HPLC
(RP-C18, mobile phase: acetonitrile/water gradweitth addition of 0.1% formic acid). This gave

2.6 mg of the target compound (20% of theory).
LC-MS (Method 1): R=1.00 min
MS (Elpos): m/z = 420 [M+H]

'H NMR (500 MHz, DMSO-g): & [ppm] = 1.82-1.87 (m, 2H), 1.96-2.01 (m, 2H), 29 3H),
5.88 (s, 2H), 7.04-7.09 (m, 1H), 7.16-7.22 (m, IHB6 (d, 1H), 7.37-7.44 (m, 1H), 8.71 (d, 1H).
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Example 25

3'-[1-(2,3-Difluoro-4-methylbenzyl)-5-fluoro-6-meth1H-pyrazolo[3,4-b]pyridin-3-
yl]spiro[cyclopropane-1,7'-pyrrolo[2,3-e][1,2,4din]-6'(5'H)-one

F
F
CH3
H,C N
N \
N
| PW
F
N
N/ \
N
—
HN
O

3'-(5-Fluoro-6-methyl-1H-pyrazolo[3,4-b]pyridin-3)gpiro[cyclopropane-1,7'-pyrrolo[2,3-
e][1,2,4]triazin]-6'(5'H)-one (1 equivalent) fromx&mple 40A is initially charged in DMF
(concentration about 0.1 molar) and heated to 8C@d&sium carbonate (4 equivalents) is added,
and the mixture is stirred for 10 min. 1-(Bromony#2,3-difluoro-4-methylbenzene (0.75
equivalent), dissolved in DMF (concentration ab@ut molar), is then added in 10 portions over a
period of 10 min to the reaction mixture at 80°@hvabout 1 min of stirring at 80°C between the
individual additions. The mixture is then stirred8)°C for 10 min. The mixture is then diluted
with ethyl acetate and washed twice with water. dtganic phase is dried over sodium sulphate,
fillered and concentrated. The crude product isah®&d in dichloromethane/methanol/l N
solution of ammonia in methanol (2/2/1) and pudfiby thick-layer chromatography (mobile
phase: dichloromethane/methanol) or alternativglyteparative HPLC (RP-C18, mobile phase:

acetonitrile/water gradient with addition of 0.1%A).

Example 26

3'-[1-(2,3-Difluoro-4-methylbenzyl)-6-methyl-1H-pgzrolo[3,4-b]pyridin-3-yl]spiro[cyclopropane-
1,7'-pyrrolo[2,3-e][1,2,4]triazin]-6'(5'H)-one
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CH

10.0 mg (0.031 mmol, purity 90%) of 3'-(6-methyl-piirazolo[3,4-b]pyridin-3-
yl)spiro[cyclopropane-1,7'-pyrrolo[2,3-e][1,2,4Hrin]-6'(5'H)-one from Example 44A were
initially charged in 352 pl of DMF, and 100 mg (073mmol) of caesium carbonate were added.
The mixture was heated to 80°C and stirred for it ;14 mg (0.024 mmol) of 1-(bromomethyl)-
2,3-difluoro-4-methylbenzene, dissolved in 35 pIDMF, were then added in 10 portions over a
period of 10 min to the reaction mixture at 80°@hvabout 1 min of stirring at 80°C between the
individual additions. The mixture was then stirr@d80°C for 10 min. The mixture was then
cooled, and 0.1 ml of water and 0.9 ml of formiecdawere added. The mixture was purified by
preparative HPLC (RP-C18, mobile phase: acetoedtwéter gradient with addition of 0.1%
formic acid). This gave 1.4 mg of the target compub(111% of theory).

LC-MS (Method 1): R=1.07 min
MS (Elpos): m/z = 434 [M+H]

'"H NMR (500 MHz, DMSO-¢g): & [ppm] = 1.81-1.85 (m, 2H), 1.95-1.98 (m, 2H), 2@5 3H),
2.67 (s, 3H), 5.81 (s, 2H), 6.94-6.99 (m, 1H), 77038 (m, 1H), 7.34 (d, 1H), 8.69 (d, 1H), 12.32
(br. s, 1H).
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B. Assessment of phar macological efficacy

The pharmacological effect of the compounds acogrdo the invention can be shown in the

following assays:

B-1. Vasorelaxant effech vitro

The determination of the relaxant activity of tlmmpounds according to the invention on isolated
vessels was carried out as described in JP Stdsah, &r J Pharmacol. 2002; 135, 333-343.
Rabbits are stunned by a blow to the neck and egxsaated. The aorta is removed, freed from
adhering tissue and divided into rings of a widthld mm. The rings are placed individually
under an initial tension in 5 ml organ baths witheBs-Henseleit solution which is at 37°C, is
gassed with carbogen and has the following comiposfin each case mM): sodium chloride: 119;
potassium chloride: 4.8; calcium chloride dihydrate magnesium sulphate heptahydrate: 1.4;
potassium dihydrogenphosphate: 1.2; sodium bicateor25; glucose: 10. The contractile force is
determined with Statham UC2 cells, amplified angitdlized using A/D transducers (DAS-1802

HC, Keithley Instruments Munich), and recorded @ngllel on linear recorders.

To produce a contraction, phenylephrine is addedth® bath cumulatively in increasing
concentration. After several control cycles, théssance to be investigated is added in each
further run in increasing dosage in each case, thadheight of the contraction achieved is
compared with the height of the contraction reachmethe last preceding run. This is used to
calculate the concentration needed to reduce thgnitoale of the control value by 50% EWC
value). The standard administration volume is 5the DMSO content in the bath solution

corresponds to 0.1%.

B-2. Effect on a recombinant guanylate cyclase nepcell line

The cellular activity of the compounds according tte invention is determined using a
recombinant guanylate cyclase reporter cell lisedescribed in F. Wunder et al., Anal. Biochem.
339, 104-112 (2005).

Representative values (MEC = minimum effective emiation) for the compounds according to
the invention are shown in the table below (Tabjeinlsome cases as means of individual

determinations):

Table 1:
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Example No. MEC [nM] Example No. MEC [nM]
1 30 13 100
2 30 14 300
5 100 15 65
6 200 16 300
7 100 17 300
8 300 18 1000
9 300 19 300

10 300 20 300
11 30 24 300
12 300 26 300

B-3. Inhibition of human phosphodiesterase 5 (PDE 5)

PDE 5 preparations are obtained from human platéletdisruption (Microfluidizer®, 800 bar, 3
passes), followed by centrifugation (75 000 g, 66,mM°C) and ion exchange chromatography of
the supernatant on a Mono Q 10/10 column (linediuso chloride gradient, elution with a 0.2-
0.3M solution of sodium chloride in buffer (20 mMepes pH 7.2, 2 mM magnesium chloride).
Fractions having PDE 5 activity are combined (PDitéparation) and stored at -80°C.

To determine their in vitro action on human PDEHg test substances are dissolved in 100%
DMSO and serially diluted. Typically, dilution sesi (1:3) from 200 uM to 0.091 uM are prepared
(resulting final concentrations in the test: 4 #d0.0018 uM). In each case 2 ul of the diluted
substance solutions are placed into the wells afratitre plates (Isoplate-96 /200W; Perkin
Elmer). Subsequently, 50 ul of a dilution of the@ad-described PDE 5 preparation are added. The
dilution of the PDE 5 preparation is chosen suctt tluring the later incubation less than 70% of
the substrate are converted (typical dilution: @0;1dilution buffer: 50 mM tris/hydrochloric acid
pH 7.5, 8.3 mM magnesium chloride, 1.7 mM EDTA,%.BSA). The substrate, 4] cyclic
guanosine-3',5-monophosphate (1 puCi/ul; PerkineEins diluted 1:2000 with assay buffer (50
mM tris/hydrochloric acid pH 7.5, 8.3 mM magnesiuchloride, 1.7 mM EDTA) to a
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concentration of 0.0005 uCi/ul. By addition of 50 (0.025 uCi) of the diluted substrate, the
enzyme reaction is finally started. The test migtuare incubated at room temperature for 60 min
and the reaction is stopped by adding 25 ul of spewsion of 18 mg/ml yttrium scintillation
proximity beads in water (phosphodiesterase beadSPA assays, RPNQ 0150, Perkin Elmer).
The microtitre plates are sealed with a film anfi e stand at room temperature for 60 min.
Subsequently, the plates are analysed for 30 wekin a Microbeta scintillation counter (Perkin
Elmer). 1G, values are determined using the graphic plot efghbstance concentration against

percentage PDE 5 inhibition.

Representative I§g values for the compounds according to the inventéice shown in the table

below (Table 2; in some cases as means of indiikterminations):

Table 2:
Example No. 1Go[NM] Example No. 1Go [NM]

1 5 14 63
2 5 15 67
5 1.5 16 24
6 2 17 8
7 21 18 10
8 34 19 0.25
9 6 20 0.65
10 4.5 22 16
11 27 24 21
12 21 26 4
13 42
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B-4. Radiotelemetric measurement of blood preseareonscious spontaneously hypertensive

rats

A commercially available telemetry system from DATFCIENCES INTERNATIONAL DSI,

USA, is employed for the blood pressure measuremgbnscious rats described below.

The system consists of 3 main components:

— implantable transmitters (Physiotel® telemetrysmitter)

— receivers (Physiotel® receiver) which are link&la multiplexer (DSI Data Exchange Matrix)

toa

— data acquisition computer.

The telemetry system makes it possible to contislyorecord blood pressure, heart rate and body

motion of conscious animals in their usual habitat.

Animal material

The investigations are carried out on adult fersplentaneously hypertensive rats (SHR Okamoto)
with a body weight of >200 g. SHR/NCrl from the @koto Kyoto School of Medicine, 1963
were a cross of male Wistar Kyoto rats with higblgvated blood pressure and female rats having

a slightly elevated blood pressure and at F13 Ithoger to the U.S. National Institutes of Health.

After transmitter implantation, the experimentainag@ls are housed singly in type 3 Makrolon

cages. They have free access to standard feedaed w

The day/night rhythm in the experimental laboratisrghanged by the room lighting at 6:00 am
and at 7:00 pm.

Transmitter implantation

The telemetry transmitters TA11 PA — C40 used argisally implanted under aseptic conditions
in the experimental animals at least 14 days befbee first experimental use. The animals
instrumented in this way can be employed repeatefiér the wound has healed and the implant

has settled.

For the implantation, the fasted animals are ahatiged with pentobarbital (Nembutal, Sanofi:
50 mg/kg i.p.) and shaved and disinfected overgelarea of their abdomens. After the abdominal

cavity has been opened along the linea alba, thedlfilled measuring catheter of the system is
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inserted into the descending aorta in the cranii@ctdon above the bifurcation and fixed with
tissue glue (VetBonD TM, 3M). The transmitter hawggiis fixed intraperitoneally to the

abdominal wall muscle, and layered closure of themd is performed.

An antibiotic (Tardomyocel COMP, Bayer, 1 mil/kg .5.¢s administered postoperatively for

prophylaxis of infection.

Substances and solutions

Unless stated otherwise, the substances to beedtadgé administered orally by gavage to a group
of animals in each case (n = 6). In accordance aitladministration volume of 5 ml/kg of body

weight, the test substances are dissolved in daitaibvent mixtures or suspended in 0.5% tylose.

A solvent-treated group of animals is employedasrol.

Test procedure

The telemetry measuring unit present is configdfed24 animals. Each experiment is recorded

under an experiment number (Vyear month day).

Each of the instrumented rats living in the systerassigned a separate receiving antenna (1010
Receiver, DSI).

The implanted transmitters can be activated exlgrigy means of an incorporated magnetic
switch. They are switched to transmission in theup to the experiment. The signals emitted can
be detected online by a data acquisition systenta@@est TM A.R.T. for WINDOWS, DSI) and

processed accordingly. The data are stored in eash in a file created for this purpose and

bearing the experiment number.

In the standard procedure, the following are messtor 10-second periods in each case:

systolic blood pressure (SBP)

— diastolic blood pressure (DBP)

— mean arterial pressure (MAP)

— heart rate (HR)

— activity (ACT).
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The acquisition of measurements is repeated una®puater control at 5-minute intervals. The
source data obtained as absolute value are cadrattthe diagram with the currently measured
barometric pressure (Ambient Pressure Referenceatdp\PR-1) and stored as individual data.
Further technical details are given in the extemsilocumentation from the manufacturing

company (DSI).

Unless indicated otherwise, the test substancesdmanistered at 9.00 am on the day of the
experiment. Following the administration, the pagtans described above are measured over 24

hours.
Evaluation

After the end of the experiment, the acquired iittlial data are sorted using the analysis software
(DATAQUEST TM A.R.T. TM ANALYSIS). The blank values assumed to be the time 2 hours
before administration, and so the selected datarsmtmpasses the period from 7.00 am on the day

of the experiment to 9.00 am the following day.

The data are smoothed over a presettable timeteyni@ation of the average (15-minute average)
and transferred as a text file to a storage meditm. measured values presorted and compressed
in this way are transferred into Excel templated &bulated. For each day of the experiment, the
data obtained are stored in a dedicated file bgdhia number of the experiment. Results and test

protocols are filed in paper form sorted by numbers
Literature

Klaus Witte, Kai Hu, Johanna Swiatek, Claudia MgssGeorg Ertl and Bjorn Lemmer:
Experimental heart failure in rats: effects on @ardscular circadian rhythms and on myocardial
B-adrenergic signaling. Cardiovasc Res 47 (2): 208-£000; Kozo Okamoto: Spontaneous
hypertension in rats. Int Rev Exp Pathol 7: 2270,21069; Maarten van den Buuse: Circadian
Rhythms of Blood Pressure, Heart Rate, and Locom@ttivity in Spontaneously Hypertensive
Rats as Measured With Radio-Telemetry. Physiolodgetavior 55(4): 783-787, 1994

B-5. Determination of organ-protective effects iloag-term experiment on rats

The organ-protective effects of the compounds atingrto the invention are shown in a
therapeutically relevant "low nitric oxide (NO) igh renin" hypertension model in rats. The study
was carried out analogously to the recently publisarticle (Sharkovska Yet al. J Hypertension
2010; 28: 1666-1675). This involves treating remamsgenic rats (TGR(mRen2)27) to which the
NO synthase inhibitor L-NAME had been administeveddrinking water simultaneously with the

compound according to the invention or vehicle oseveral weeks. Haemodynamic and renal
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parameters are determined during the treatmentghefit the end of the long-term study, organ
protection (kidney, lung, heart, aorta) is shown bhigtopathological studies, biomarkers,

expression analyses and cardiovascular plasma pteesn

B-6. Measurements of the pulmonary artery presf@AP) in conscious dogs under hypoxia

conditions

A telemetry system from DATA SCIENCES INTERNATIONADSI, USA, for example, is
employed for the blood pressure measurement oncimuss dogs described below. The system
consists of implantable pressure transmitters, iveceand a data acquisition computer. The
telemetry system makes it possible to continuousbnitor blood pressures and heart rate of
conscious animals. The telemetry transmitters uaexl surgically implanted under aseptic
conditions in the experimental animals before ittt Experimental use. The animals instrumented
in this way can be employed repeatedly after thendohas healed and the implant has settled.
The tests are carried out using adult male beadleshnical details can be found in the

documentation from the manufacturing company (DSI).

Substances and solutions

The substances to be tested are each administesegroup of dogs (n = 3-6), orally via a gelatine
capsule or intravenously in suitable solvent miggur A vehicle-treated group of animals is

employed as control.

Test procedure

For the measurements under hypoxia conditionsatiimals are transferred to a chamber with a
hypoxic atmosphere (oxygen content about 10%). iBhestablished using commercially available
hypoxia generators (from Hoehenbalance, Colognem@é@may). In a standard experiment, for

example, one hour and five hours after substano@néstration the dogs are kept in the hypoxia
chamber for 30 min. About 10 min before and aftetegng the hypoxia chamber, as well as

during the stay in the hypoxia chamber, pressundshaart rate are measured by telemetry.
Evaluation

In healthy dogs, under hypoxia there is a rapideiase in PAP. By substance administration, this
increase can be reduced. To quantify the PAP iseremd the differences in heart rate and
systemic blood pressure, the data before and dutiveg hypoxia period, smoothed by

determination of means, are compared. The courké¢lseomeasured parameters are presented

graphically using the Prism software (GraphPad, YSA
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B-7. Determination of pharmacokinetic parametersllofang intravenous and oral

administration

The pharmacokinetic parameters of the compoundsrdiog to the invention are determined in
male CD-1 mice, male Wistar rats, female beaglesfamale cynomolgus monkeys. Intravenous
administration in the case of mice and rats is otéfi@ by means of a species-specific
plasma/DMSO formulation, and in the case of dogd amonkeys by means of a
water/PEG400/ethanol formulation. In all speciga) administration of the dissolved substance is
performed via gavage, based on a water/PEG400tfamnulation. The removal of blood from
rats is simplified by inserting a silicone catheteto the right Vena jugularis externa prior to
substance administration. The operation is effeateléast one day prior to the experiment with
isofluran anaesthesia and administration of angms#éd (atropine/rimadyl (3/1) 0.1 ml s.c.). The
blood is taken (generally more than 10 time poiatithin a time window including terminal time
points of at least 24 to a maximum of 72 hoursrafigbstance administration. The blood is
removed into heparinized tubes. The blood plasntizeis obtained by centrifugation; if required, it

can be stored at -20°C until further processing.

An internal standard (which may also be a chenyaalrelated substance) is added to the samples
of the compounds according to the invention, catibn samples and qualifiers, and there follows
protein precipitation by means of acetonitrile ktess. Addition of a buffer solution matched to
the LC conditions, and subsequent vortexing, idovetd by centrifugation at 1000 g. The

supernatant is analysed by LC-MS(/MS) using Cl&mssd-phase columns and variable mobile
phase mixtures. The substances are quantifiedheigogak heights or areas from extracted ion
chromatograms of specific selected ion monitoringpegiments or high-resolution LC-MS

experiments.

The plasma concentration/time plots determined wsed to calculate the pharmacokinetic
parameters such as AUC,.& F (bioavailability), 1, (terminal half life), MRT (mean residence

time) and CL (clearance), using a validated phaokiaetic calculation program.

Since the substance quantification is performedplasma, it is necessary to determine the
blood/plasma distribution of the substance in orttetbe able to adjust the pharmacokinetic
parameters correspondingly. For this purpose, in@gfamount of substance is incubated in
heparinized whole blood of the species in questioa rocking roller mixer for 20 min. Plasma is
obtained by centrifugation at 1000 g. After measwmst of the concentrations in plasma and blood

(by LC-MS(/MS); see above), thetsd/Cyasmavalue is determined by quotient formation.
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B-8. Metabolic study

To determine the metabolic profile of the compoursdeording to the invention, they are
incubated with recombinant human cytochrome P45¥P)Cenzymes, liver microsomes or
primary fresh hepatocytes from various animal sggeée.g. rats, dogs), and also of human origin,
in order to obtain and to compare information akeuwery substantially complete hepatic phase |

and phase Il metabolism, and about the enzymes$vieddn the metabolism.

The compounds according to the invention were iatedb with a concentration of about 0.1-10
UM. To this end, stock solutions of the compoundsoeding to the invention having a
concentration of 0.01-1 mM in acetonitrile were gaeed, and then pipetted with 1:100 dilution
into the incubation mixture. Liver microsomes aerdambinant enzymes were incubated at 37°C
in 50 mM potassium phosphate buffer pH 7.4 with avithout NADPH-generating system
consisting of 1 mM NADP. 10 mM glucose-6-phosphate and 1 unit glucoseesphate
dehydrogenase. Primary hepatocytes were incubateduspension in Williams E medium,
likewise at 37°C. After an incubation time of 0 h4the incubation mixtures were stopped with
acetonitrile (final concentration about 30%) and ghotein was centrifuged off at about 15 000 x

g. The samples thus stopped were either analysectlglior stored at -20°C until analysis.

The analysis is carried out by high-performancaitiqgchromatography with ultraviolet and mass
spectrometry detection (HPLC-UV-MS/MS). To this enbe supernatants of the incubation
samples are chromatographed with suitable C18 sedgohase columns and variable mobile
phase mixtures of acetonitrile and 10 mM aqueousiamum formate solution or 0.05% formic

acid. The UV chromatograms in conjunction with mggectrometry data serve for identification,
structural elucidation and quantitative estimatidnhe metabolites, and for quantitative metabolic

assessment of the compound according to the imreittithe incubation mixtures.



10

15

20

25

- 1083 -

C. Working examples of pharmaceutical compositions

The compounds according to the invention can bevexded to pharmaceutical formulations as

follows:

Tablet:

Composition:

100 mg of the compound according to the inventEhmg of lactose (monohydrate), 50 mg of
corn starch (native), 10 mg of polyvinylpyrrolido@VP 25) (BASF, Ludwigshafen, Germany)

and 2 mg of magnesium stearate.
Tablet weight 212 mg, diameter 8 mm, radius of atuxe 12 mm.
Production:

The mixture of compound according to the inventiagtose and starch is granulated with a 5%
solution (w/w) of the PVP in water. The granules dried and mixed with the magnesium stearate
for 5 minutes. This mixture is pressed with a cartimal tableting press (for tablet dimensions

see above). The guide value used for the pressiagriessing force of 15 kN.

Suspension which can be administered orally:

Composition:

1000 mg of the compound according to the inventt®)0 mg of ethanol (96%), 400 mg of
Rhodigel® (xanthan gum from FMC, Pennsylvania, USAJ 99 g of water.

A single dose of 100 mg of the compound accordintpé invention corresponds to 10 ml of oral

suspension.
Production:

The Rhodigel is suspended in ethanol and the contbaacording to the invention is added to the
suspension. The water is added while stirring. Mibdure is stirred for about 6 h until swelling of

the Rhodigel is complete.
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Solution which can be administered orally:

Composition:

500 mg of the compound according to the inventib,g of polysorbate and 97 g of polyethylene
glycol 400. A single dose of 100 mg of the compoandording to the invention corresponds to 20

g of oral solution.
Production:

The compound according to the invention is suspemaehe mixture of polyethylene glycol and
polysorbate while stirring. The stirring operatiisncontinued until dissolution of the compound

according to the invention is complete.
I.v. solution:

The compound according to the invention is disgblire a concentration below the saturation
solubility in a physiologically acceptable solv€atg. isotonic saline, glucose solution 5% and/or
PEG 400 solution 30%). The solution is subjectestéoile filtration and dispensed into sterile and

pyrogen-free injection vessels.
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Patent Claims

1. Compound of the formula (1)

R
RZ
R4
H.C N
3 AN N\ 1 H
| N R
A
R
N
N\
N
—
HN R®
R?
© 0)

in which
R represents hydrogen or fluorine,
R? represents hydrogen or fluorine,
R® represents hydrogen, chlorine or fluorine,
R* represents hydrogen, chlorine, fluorine or methyl,

with the proviso that at least two of the radicRs R?, R® or R are different from

hydrogen,

R® represents hydrogen or fluorine,
R® represents methyl,

R’ represents methyl,

or

R®and R together with the carbon atom to which they atachied form a cyclopropyl

ring,
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and the N-oxides, salts, solvates, salts of theies and solvates of the N-oxides or salts

thereof.

2. Compound having the systematic name 3-[1-(2,3-difibenzyl)-5-fluoro-6-methyl-1H-
pyrazolo[3,4-b]pyridin-3-yl]-7,7-dimethyl-5,7-dihyd-6H-pyrrolo[2,3-€][1,2,4]triazin-6-

5 one and the structural formula (I-A)

© (-A)

and the N-oxides, salts, solvates, salts of thies and solvates of the N-oxides or salts

thereof.

3. Compound having the systematic name 3-[1-(2,3-difibbenzyl)-6-methyl-1H-
10 pyrazolo[3,4-b]pyridin-3-yl]-7,7-dimethyl-5,7-dihyd-6H-pyrrolo[2,3-e][1,2,4]triazin-6-

one and the structural formula (I-B)
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and the N-oxides, salts, solvates, salts of thiles and solvates of the N-oxides or salts

thereof.
4, Compound having the systematic name 3-[5-flus(@-fluoro-4-methylbenzyl)-6-methyl-
1H-pyrazolo[3,4-b]pyridin-3-yl]-7,7-dimethyl-5,74dydro-6H-pyrrolo[2,3-e][1,2,4]triazin-
5 6-one and the structural formula (I-C)
F
CH,
H.C N
3 N N\
N
PV
F
N
N R\
N
S
HN CH,
CH,
© (-C)

and the N-oxides, salts, solvates, salts of thies and solvates of the N-oxides or salts

thereof.

5. Compound having the systematic name 3-[5-flroethyl-1-(2,3,6-trifluorobenzyl)-1H-
10 pyrazolo[3,4-b]pyridin-3-yl]-7,7-dimethyl-5,7-dihyd-6H-pyrrolo[2,3-e][1,2,4]triazin-6-

one and the structural formula (I-1)

F
HC N N .
| N T
P
F
N
N7
N
—
HN CH,
CH

© ()
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and the N-oxides, salts, solvates, salts of thiles and solvates of the N-oxides or salts

thereof.

6. Compound having the systematic name 3-[1-(Z|8atio-4-methylbenzyl)-5-fluoro-6-
methyl-1H-pyrazolo[3,4-b]pyridin-3-yl]-7,7-dimethd, 7-dihydro-6H-pyrrolo[2,3-

e][1,2,4]triazin-6-one and the structural formuk®)

F
F
CH3
H.C._ N
T
N
J
F
N
N/ \
N
—_—
HN CH,
CH3
o (-Q)

and the N-oxides, salts, solvates, salts of thies and solvates of the N-oxides or salts

thereof.

7. Compound of the formula (1), (I-A), (I-B), (I-C{l-1) or (I-Q) as defined in any of Claims 1

to 6 for the treatment and/or prophylaxis of digsas

8. Use of a compound of the formula (1), (I-A) B); (I-C), (I-I) or (I-Q) as defined in Claims
1 to 6 for producing a medicament for the treatnaard/or prophylaxis of heart failure,
angina pectoris, hypertension, pulmonary hypertensischaemias, vascular disorders,
renal insufficiency, thromboembolic disorders, ditic disorders, arteriosclerosis,

dementia disorders and erectile dysfunction.

9. Medicament comprising a compound of the fornfla(I-A), (I-B), (I-C), (I-) or (I-Q) as
defined in Claims 1 to 6 in combination with anrin@on-toxic, pharmaceutically suitable

auxiliary.

10. Medicament comprising a compound of the fornfDla(I-A), (I-B), (I-C), (I-I) or (I-Q) as
defined in Claims 1 to 6 in combination with a het active compound selected from the

group consisting of organic nitrates, NO donorsM&GPDE inhibitors, agents having
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antithrombotic activity, agents lowering blood e, and agents altering lipid

metabolism.

Medicament according to Claim 9 or 10 for theatment and/or prophylaxis of heart
failure, angina pectoris, hypertension, pulmonagpdntension, ischaemias, vascular
disorders, renal insufficiency, thromboembolic diks, fibrotic disorders,

arteriosclerosis, dementia disorders and erecygéudction.

Method for the treatment and/or prophylaxisi@drt failure, angina pectoris, hypertension,
pulmonary hypertension, ischaemias, vascular d&erd renal insufficiency,
thromboembolic disorders, fibrotic disorders, aasclerosis, dementia disorders and
erectile dysfunction in humans and animals usingetiaective amount of at least one
compound of the formula (1), (I-A), (I-B), (I-C)J-() or (I-Q) as defined in Claims 1 to 6,

or of a medicament as defined in any of Claims 9o



