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(54) Title: SUBSTITUTED PYRAZOLO PIPERIDINE CARBOXYLIC ACIDS

(57) Abstract: The invention relates to substituted pyrazolo piperidine carboxylic acids, their salts and to processes for their preparation,
and also to their use for preparing medicaments for the treatment and/or prophylaxis of diseases, in particular cardiovascular and cardiac

diseases, preferably heart failure with reduced and preserved ¢jection fraction (B

“TEF, I

“mrEF and E

pEF), hypertension (HTN),

peripheral arterial diseases (PAD, PAOD), cardio-renal and kidney diseases, preferably chronic and diabetic kidney disease (CKD and
DKD), cardiopulmonary and lung diseases, preferable pulmonary hypertension (PH), and other disecases, preferably neurodegenerative
diseases and different forms of dementias, fibrotic diseases, systemic sclerosis (SSc), sickle cell disease (SCD), wound healing disorders

such as diabetic foot ulcer (DFU).
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Substituted pyrazolo piperidine carboxvlic acids

The mvention relates to substituted pyrazolo pipernidine carboxylic acids, their salts and to processes for
their preparation, and also to their use for preparing medicaments for the treatment and/or prophylaxis of
discases, m particular cardiovascular and cardiac discases, preterably heart failure with reduced and
preserved ¢jection fraction (HFrEF, HFmrEF and HFpEF), hypertension (HTN), pernipheral artenal
diseases (PAD, PAOD), cardio-renal and kidney diseases, preferably chronic and diabetic kidney disease
(CKD and DKD), cardiopulmonary and lung diseases, preferable pulmonary hypertension (PH), and other
disecases, preferably neurodegenerative discases and different forms of dementias, fibrotic discases,

systemic sclerosis (SSc), sickle cell disease (SCD), wound healing disorders such as diabetic foot ulcer

(DFU).

In addition, the same above-mentioned pathophysiological mechanisms are effective when blood
transfusions (for example by storage ctc. with an elevated concentration of free Hb) are administered to

patients having a transfusion indication.

Furthermore, 1 the future the combination of an sGC activator with a synthetic Hb-based oxygen carrier
may mitigate the side effects hitherto observed [Weiskopt, Anaesthesia & Analgesia, 110:3; 659-661,
2010] which are caused by reduced availability of NO, thus allowing clinical application.

One of the most important cellular transmission systems in mammalian cells 1s cyclic guanosine
monophosphate (cGMP). Together with nitric oxade (NO), which 1s released from the endothelium and
transmits hormonal and mechanical signals, 1t forms the NO/cGMP system. Guanylate cyclases catalyse
the biosynthesis of cGMP from guanosine triphosphate (GTP). The representatives of this family disclosed
to date can be divided both according to structural features and according to the type of ligands into two
ogroups: the particulate guanylate cyclases which can be stimulated by natriurctic peptides, and the soluble
guanylate cyclases which can be stimulated by NO. The soluble guanylate cyclases consist of two subunits
and very probably contain one hacm per heterodimer, which 1s part of the regulatory site. The latter 1s of
central importance for the mechanism of activation. NO 1s able to bind to the 1ron atom of hacm and thus
markedly mcrease the activity of the enzyme. Haem-free preparations cannot, by contrast, be stimulated

by NO. Carbon monoxide (CO) 1s also able to attach to the central iron atom of haecm, but the stimulation

by CO 1s distinctly less than that by NO.

Through the production of ¢cGMP and the regulation, resulting therefrom, of phosphodiesterases, 10n
channels and protein kinases, guanylate cyclase plays a crucial part 1n various physiological processes, 1n
particular 1 the relaxation and proliferation of smooth muscle cells, 1n platelet aggregation and adhesion
and 1n ncuronal signal transmission, and 1 disorders caused by an impairment of the aforementioned

processes. Under pathophysiological conditions, the NO/cGMP system may be suppressed, which may
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lead for example to high blood pressure, platelet activation, imncreased cellular proliferation and fibrosis,
endothehal dysfunction, atherosclerosis, angina pectoris, heart failure, thromboses, stroke and myocardial

infarction.

A possible way of treating such disorders which 1s independent of NO and aims at influencing the cGMP
signaling pathway 1n organismes 1s a promising approach because of the high efficiency and few side eftects

which are to be expected.

Compounds, such as organic nitrates, whose effect 1s based on NO have to date been exclusively used for
the therapeutic stimulation of soluble guanylate cyclase. NO 1s produced by bioconversion and activates
soluble guanylate cyclase by attaching to the central iron atom of haecm. Besides the side effects, the

development of tolerance 1s one of the crucial disadvantages of this mode of treatment [O.V. Evgenov ¢t

al., Nature Rev. Drug Disc. 5 (2006), 753].

Substances which directly stimulate soluble guanylate cyclase, 1.e. without previous release of NO, have
been 1dentified m recent years. The indazole denivative YC-1 was the first NO-independent but hacm-
dependent sGC stimulator described [Evgenov et al., 1bid.]. Based on YC-1, further substances were
discovered which are more potent than Y C-1 and show no relevant inhibition of phosphodiesterases (PDE).
This led to the 1dentification of the pyrazolopyridine derivatives BAY 41-2272, BAY 41-8543, BAY 63-
2521 and BAY 102-1189. Together with the recently published structurally different substances CME-
1571 and A-350619, these compounds form the new class of the sGC stimulators [Evgenov et al., 1bid. |.
A common characteristic of this substance class 1s a NO-independent and selective activation of the hacm-
containing sGC. In addition, the sGC stimulators in combination with NO have a synergistic etfect on sGC
activation based on a stabilization of the nmitrosyl-haecm complex. The exact binding site of the sGC
sttmulators at the sGC 1s still bemng debated. If the haem group 1s removed from the soluble guanylate
cyclase, the enzyme still has a detectable catalytic basal activity, 1.e. cGMP 1s still being formed. The
remaining catalytic basal activity of the haem-free enzyme cannot be stimulated by any of the stimulators

mentioned above [Evgenov et al., 1bid.|.

In addition, NO- and haem-independent sGC activators, with BAY 58-2667 as prototype of this class, have
been 1dentified. Common characteristics of these substances are that in combination with NO they only
have an additive effect on enzyme activation, and that the activation of the oxidized or haem-free enzyme
1s markedly higher than that of the hacm-containing enzyme [Evgenov et al., 1ibid.; J.P. Stasch et al., Br. J.
Pharmacol. 136 (2002), 773; J.P. Stasch et al., J. Clin. Invest. 116 (2006), 2552]. Spectroscopic studies
show that BAY 58-2667 displaces the oxidized hacm group which, as a result of the weakening of the
1iron-histidine bond, 1s attached only weakly to the sGC. It has also been shown that the characteristic sGC

haem binding motif Tyr-x-Ser-x-Arg 1s absolutely essential both for the interaction of the negatively
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charged propionic acids of the haecm group and for the action of BAY 58-2667. Against this background,
it 1s assumed that the binding site of BAY 58-2667 at the sGC 1s 1dentical to the binding site of the haem
ogroup [J.P. Stasch et al., J. Clin. Invest. 116 (2006), 2552].

The sGC activator Runcaciguat (Hahn et al., Drugs Future 43 (2018), 738, WO 2012/139888) 1s 1n clinical
development by BAYER (https://www.climcaltrials.gov/NCT04507061). our understanding of the redox
equilibrium of the sGC 1n health and diseases 1s limited. Therefore, the treatment potential of sGC
activators 1s not fully clear yet. However, since oxidative stress could render the sGC enzyme heme-free

the sGC activators, sGC activators might have an even broader treatment potential which still needs to be

identified and proved 1n the future.

The compounds described 1 the present invention are now likewise capable of activating the haem-free
form of soluble guanylate cyclase. This 1s also confirmed by the fact that these novel activators firstly have
no synergistic action with NO at the hacm-containing enzyme and that secondly their action cannot be
blocked by the hacm-dependent mhibitor of soluble guanvylate cyclase, 1H-1,2.4-oxadiazolo[4,3-a]-
quinoxalin-1-one (ODQ)), but 1s even potentiated by this inhibitor [ct. O.V. Evgenov et al., Nature Rev.
Drug Disc. 5 (2006), 755; J.P. Stasch et al., J. Clin. Invest. 116 (2006), 2552].

In WO 2012/058132 substituted pyrazolo pyridine carboxylic acids are diclosed as sGC activators. In
contrast to the compounds according to the present mnvention these compounds do have a heteroaromatic
pyridine moiety linking the pyrazole carboxylic acid to the rest of the molecule. Furthermore the pyridine
nitrogen has another position than the piperidine nitrogen of the compounds according to the present
invention. However these compounds do only show mediocre pharmacokinetic propertics, like e.g.
moderate clearance (CL) and intermediate half-life and mean residence time (MRT) after intraveneous (1v)

administration 1n preclinical pharmacokinetic models.

It 1s therefore an object of the present invention to provide novel sGC activator compounds for the
treatment and / or prophylaxis of diseases, 1in particular cardiovascular and cardiac discases, preferably
heart failure with reduced and preserved ejection fraction (HFrEF, HFmrEF and HFpEF), hypertension
(HTN), peripheral artenial diseases (PAD, PAOD), cardio-renal and kidney diseases, preferably chronic
and diabetic kidney disecase (CKD and DKD), cardiopulmonary and lung diseases, preferable pulmonary
hypertension (PH), and other discases, preferably neurodegencrative diseases and different forms of
dementias, fibrotic discases, systemic sclerosis (SS¢), sickle cell disease (SCD), wound healing disorders
such as diabetic foot ulcer (DFU), m humans and amimals, which compounds show a good
pharmacokinetic behavior with a good pharmacological activity profile as well as beneficial physico

chemical properties (€.g. solubility).

Surprisingly, it has now been found that certain substituted pyrazolo piperidine carboxylic acids as well as
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their corresponding salts represent highly potent sGC activators with good pharmacokinetic behavior with

a good pharmacological activity profile as well as beneficial physico chemical properties (¢.g. solubility).

The invention provides compounds of the formula (1)

RS
2
N R1
R Q R
| F
X1?X2 N’N F
VN
[ OH (),
v
R

in which

R'  represents hydrogen or halogen,

R?  represents hydrogen or halogen,

R’  represents chloro or trifluoromethyl,
R*  represents hydrogen or C;-Cy-alkyl
R>  represents C;-Cs-alkyl

X;  represents nitrogen or carbon

X,  represents nitrogen or carbon
and the salts thereof, the solvates thereof and the solvates of the salts thercot.

The term “‘substituted” means that one or more hydrogen atoms on the designated atom or group are
replaced with a selection from the indicated group, provided that the designated atom's normal valence
under the exasting circumstances 1s not exceeded. Combmations of substituents and/or vanables are

permissible.

As used herein, the term “one or more™, e.g. 1n the definition of the substituents of the compounds of
oeneral formula (1) of the present invention, means 1, 2, 3, 4 or 3, particularly 1, 2, 3 or 4, more particularly

1, 2 or 3, even more particularly 1 or 27
In the context of the present mvention, unless specified otherwise, the substituents are defined as follows:

The term “halogen™ or “halogeno™ like 1 combinations ¢.g. 1n halogenoalkyl means a fluorine, chlorine,
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bromine or 10dine atom, particularly a tfluorine, chlorine or bromine atom, even more particularly fluorine

or chlorine.

The term “C;-Cs-alkyl”, “Ci-Cs-alkyl”™ and “C;-Cs-alkyl” means a lincar or branched, saturated.
monovalent hydrocarbon group having 1, 2, 3, or 4 carbon atoms, 1, 2, 3, 4 or 5 carbon atoms, and 1, 2, 3,
4, 5 or 6 carbon atoms, e.g. amethyl, ethyl, propyl, 1sopropyl, #-butyl, sec-butyl, 1sobutyl, fer#-butyl, pentyl,
1sopentyl,  2-methylbutyl,  1-methylbutyl,  1-cthylpropyl, 1,2-dimethylpropyl,  rneo-pentyl,
1,1-dimethylpropyl, hexyl, 1-methylpentyl, 2-methylpentyl, 3-methylpentyl, 4-methylpentyl, 1-ethylbutyl,
2-cthylbutyl, 1,1-dimethylbutyl,  2.2-dimethylbutyl,  3.3-dimethylbutyl,  2.3-dimethylbutyl,
1,2-dimethylbutyl or 1,3-dimethylbutyl group, or an isomer thereof. Particularly, said group has 1, 2, 3 or
4 carbon atoms (“C;-Cy-alkyl”), e.g. a methyl, ethyl, propyl, 1sopropyl, butyl, sec-butyl 1sobutyl, or fert-
butyl group, more particularly 1, 2 or 3 carbon atoms (“C;-Cs-alkyl™), e.g. a methyl, ethyl, #-propyl or

1sopropyl group.

The term “°C;-Cs-halogenoalkyl™, ““C,-Cs-halogenoalkyl”, ~“Ci-Cys-halogenoalkyl™, ““C,-Cs-halogenoalkyl™,
“C1-Cs-halogenoalkyl™ and “C;-Cs-halogenoalkyl™ represents a linear or branched, saturated, monovalent
hydrocarbon group in which the term “alkyl™ 1s as defined supra, and in which one or more of the hydrogen
atoms are replaced, 1dentically or differently, with a halogen atom. Particularly, said halogen atom 1s a
fluorme atom. Said Ci-Cs-halogenoalkyl group 1s, for example fluoromethyl, difluoromethyl,
trifluoromethyl, 2-fluorocthyl, 2.2-difluorocthyl, 2.2.2-trifluorocthyl, pentatluorocthyl, 3,3,3-tri-
fluoropropan-1-vyl, 1,1, 1-trifluoropropan-2-yl, 1,3-difluoropropan-2-vyl, 3-fluoropropan-1-yl, 1,1, 1-trifluo-
robutan-2-yl, and 3,3.3-trifluoro-1-methyl-propan-1-yl.

The term ~C;-Cs-halogenoalkoxy™ and ““C;-Cs-halogenoalkoxy™ represents a linear or branched, saturated.

monovalent C;-Cs-alkoxy or Ci-Cs-alkoxy group (where alkoxy represents a straight-chain or branched,

saturated, monovalent alkoxy radical having 1 to 4 or 1 to 3 carbon atoms, by way of example and with
preference methoxy, ethoxy, n-propoxy, 1sopropoxy), mm which one or more of the hydrogen atoms 1s
replaced, identically or differently, with a halogen atom. Particularly, said halogen atom 1s a fluorine atom.
Said C,-Cs-halogenoalkoxy group 1s, for example, tfluoromethoxy, difluoromethoxy, trifluoromethoxy,

2.2 2-trifluorocthoxy or pentatluorocthoxy .

The term “Cs-Cs-cycloalkyl™ means a saturated, monovalent, monocyclic hydrocarbon ring which contains
3, 4, 5 or 6 carbon atoms. Said Cs;-Cs-cycloalkyl group 1s for example a cyclopropyl, cyclobutyl,
cyclopentyl or cyclohexyl group.

Compounds according to the imnvention are the compounds of the formula (I) and the salts, solvates and
solvates of the salts thercof, and also the compounds encompassed by formula (1) and specified hereinafter

as working example(s), and the salts, solvates and solvates of the salts thercof, to the extent that the
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compounds encompassed by formula (I) and specified heremafter are not already salts, solvates and

solvates of the salts.

The mventive compounds may, depending on their structure, exist in different stereoisomeric forms, 1.¢.
in the form of configurational 1somers or ¢lse, 1f appropnate, of conformational 1somers (enantiomers
and/or diastereomers, including those 1n the case of rotamers and atropisomers). The present invention
therctore encompasses the enantiomers and diastercomers, and the respective mixtures thercof. The
stercoisomerically uniform constituents can be 1solated from such mixtures of enantiomers and/or
diastercomers 1n a known manner; chromatography processes are preferably used for this, especially

HPLC chromatography on an achiral or chiral phase.

The present mvention includes all possible tautomers of the compounds of the present invention as single

tautomers, or as any mixture of said tautomers, 1n any ratio.

In the context of the present invention, the term “enantiomerically pure™ 1s understood to mean that the
compound 1n question with respect to the absolute configuration of the chiral centre 1s present in an
enantiomeric excess of more than 95%, preferably more than 97%. The enantiomeric excess (e value) 1s
calculated 1n this case by evaluation of the corresponding HPLC chromatogram on a chiral phase with the

aid of the formula below:

ee = [E* (area%) - E® (arca%)| x 100% / [E* (area%) + E° (arca%)]

(E*: enantiomer in excess, E°: enantiomer in deficiency)

The present invention also encompasses all suitable 1sotopic variants of the compounds according to the
invention. An 1sotopic variant of an mventive compound 1s understood here as meaning a compound 1
which at least one atom within the inventive compound has been exchanged for another atom of the same
atomic number, but with a different atomic mass than the atomic mass which usually or predominantly
occurs 1n nature. Examples of 1sotopes which can be mcorporated into a compound according to the
invention are those of hydrogen, carbon, nitrogen, oxygen, phosphorus, sulfur, fluorine, chlorine, bromine
and iodine, such as “H (deuterium), *H (tritium), “C, '*C, PN, 170, 18Q, P, *°P, S, **S, **S, *°S, 18F_ *°Cl],
“Br, 'L, "**1, "I and “'I. Particular isotopic variants of a compound according to the invention, especially
those m which one or more radioactive 1sotopes have been incorporated, may be beneficial, for example,
for the examination of the mechanism of action or of the active ingredient distribution 1n the body; due to
comparatively easy preparability and detectability, especially compounds labelled with °H or "*C isotopes
arc suitable for this purpose. In addition, the mcorporation of 1sotopes, for example of deuterium, may lead
to particular therapeutic benefits as a consequence of greater metabolic stability of the compound, for

example an extension of the half-life in the body or a reduction in the active dose required; such
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modifications of the mventive compounds may therefore in some cases also constitute a preferred
embodiment of the present invention. Isotopic vanants of the compounds according to the mvention can
be prepared by the processes known to those skilled i the art, for example by the methods described
further below and the procedures described 1n the working examples, by using corresponding 1sotopic

modifications of the respective reagents and/or starting compounds.

Preferred salts 1in the context of the present invention are physiologically acceptable salts of the compounds

according to the invention. However, the invention also encompasses salts which themselves are unsuitable
for pharmaceutical applications but which can be used, for example, for the 1solation or punfication of the

compounds according to the invention.

Physiologically acceptable salts of the compounds according to the invention include acid addition salts of
mineral acids, carboxylic acids and sulfonic acids, for example salts of hydrochloric acid, hydrobromic acid,
sulfuric acid, phosphornc acid, methanesulfonic acid, cthanesulfonic acid, toluenesulfonic acid,
benzenesulfonic acid, naphthalenedisulfonic acid, acetic acid, trifluoroacetic acid, propionic acid, lactic acid,

tartaric acid, malic acid, citric acid, fumaric acid, maleic acid and benzoic acid.

Physiologically acceptable salts of the compounds according to the mvention also include salts of
conventional bases, by way of example and with preference alkali metal salts (e.g. sodium and potassium
salts), alkaline carth metal salts (e.g. calcium and magnesium salts) and ammonium salts derived from
ammonia or organic amines having 1 to 16 carbon atoms, by way of example and with preterence
cthylamine, dicthylamine, tricthylamine, ethyldusopropylamine, monocthanolamine, dicthanolamine,
tnethanolamine,  dicyclohexylamine,  dimethylaminoethanol,  procaimne,  dibenzylamine,  N-

methylmorpholine, arginine, lysine, ethylenediamine, N-methylpiperidine and choline.

The present mvention mcludes all possible salts of the compounds according to the mvention as single

salts, or as any mixture of said salts, in any ratio.

Solvates 1 the context of the invention are described as those forms of the mventive compounds which

form a complex m the solid or liquid state by coordmation with solvent molecules. The compounds
according to the mmvention may contain polar solvents, in particular water, methanol or ethanol for example,
as structural element of the crystal lattice of the compounds. Hydrates are a specific form of the solvates in
which the coordination 1s with water. It 1s possible for the amount of polar solvents, mn particular water, to
exist 1n a stoichiometric or non-stoichiometric ratio. In the case of stoichiometric solvates, e.g. a hydrate,
hemi-, (semi-), mono-, sesqui-, di-, tri-, tetra-, penta- efc. solvates or hydrates, respectively, are possible.

The present invention includes all such hydrates or solvates.

Further, the compounds according to the invention can exist as N-oxides, which are defined 1n that at least



10

15

20

25

WO 2022/122914 PCT/EP2021/084987
-] -
on¢ nitrogen of the compounds of the present mvention 1s oxidised in a known manner. The present

invention includes all such possible N-oxides.

The present mnvention additionally also encompasses prodrugs of the mventive compounds. The term
“prodrugs” encompasses compounds which for their part may be biologically active or mactive but are
converted during their residence time 1n the body into compounds according to the mvention (for example
by metabolism or hydrolysis).

Preference 1s given to compounds of the formula (I) in which

R'  represents hydrogen, fluorine

R?  represents hydrogen, fluorine

R’  represents chloro or trifluoromethyl

R*  represents hydrogen or methyl

R>  represents C;-Cs-alkyl

X1  represents nitrogen or carbon

X>  represents nitrogen or carbon

and the salts thereof, the solvates thereof and the solvates of the salts thereof.

Preference 1s also given to compounds of the formula (I) in which

R'  represents hydrogen, fluorine

R*  represents hydrogen, fluorine

R’  represents chloro or trifluoromethyl

R*  represents hydrogen or methyl

R>  represents methyl, ethyl, n-propyl. i-propyl, 2.2 -dimethyl-propyl, isobutyl
X1  represents nitrogen or carbon

X;  represents nitrogen or carbon

and the salts thereof, the solvates thereof and the solvates of the salts thereot.

Preference 1s also given to compounds of the formula (I) 1n which
R'  represents hydrogen

R?  represents hydrogen
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represents chloro or trifluoromethyl

represents hydrogen or methyl

represents methyl, ethyl, n-propyl, 1-propyl, 2.2.-dimethyl-propyl, 1sobutyl
represents carbon or C-F

represents carbon

and the salts thereof, the solvates thereof and the solvates of the salts thereot.

Preference 1s also given to compounds of the formula (I) 1n which

Rl

represents hydrogen

represents hydrogen

represents chloro or trifluoromethyl

represents hydrogen

represents methyl, ethyl, n-propyl, 1-propyl, 2,2.-dimethyl-propyl, 1sobutyl
represents carbon

represents carbon

and the salts thereof, the solvates thereof and the solvates of the salts thereof.

Preference 1s also given to compounds of the formula (I) 1n which

Rl

X0

represents hydrogen
represents hydrogen
represents chloro
represents hydrogen
represents 1sobutyl
represents carbon

represents carbon

and the salts thereot, the solvates thereof and the solvates of the salts thereoft.

Preference 1s also given to compound of the formula

PCT/EP2021/084987
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/N F
N
F
N
[j OH
N O
CH,

N

CHi
and the salts thereot, solvates thereof or solvates of the salts thereof.

Especially preference 1s given to compound of formula

Cl

5Y,
Y
k(CHg

CHj

The invention further provides a process for preparing compounds of the formula (I), or salts thereof, solvates

thercof or solvates of the salts thereof, wheremn

in a first step |B| the compounds of the formula (IV)

in which R'. R, R’, R*and X1 and Xz are defined as above,
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arc reacted with compounds of the formula (11I)
R**-CHO (11D),
in which R> represents C;-Cs-alkyl, preferably isopropyl

in the presence of a reducing agent, a suitable solvent and a base to provide compounds of the formula (1I)

R
R2
N R1
R4
o F
X, X, N F
1\‘/ 2 N( / -
N
Sa
N O \—CHs
|
5 R’ (1)

in which R', R*, R°, R*, R’ and X; and X are defined as above
and
1in a second step |A]

compounds of formula (11) are reacted with a base to provide compounds of the formula (1),

3
R2
N R1
RY §
| F
x1\‘,7X2 N F
N
F
N
[ j OH
\ O
| 5
10 R (D)

in which R', R*, R’, R* , R’ and X, and X; are defined as above
optionally compounds of formula (I) are transferred 1n a third step [A]*

into the corresponding salts of formula (Ia)
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RS
R2
N 1
4 R xHcl
S F
x1\‘,,?x2 _N F
N
F
T\
E j OH
N O
|5
R (la)

in the presence of a suitable acid 1 a suitable solvent
in which R*, R, R’>, R*, R’ and X, and X; are defined as above.

Reaction [A]* (salt formation)

The reaction [A]* 1s generally carried out m mert solvents 1n the presence of an acid preferably 1n a

temperature range from 0°C to 60°C at atmospheric pressure.

Suitable acids for the salt formation arc gencrally sulfuric acid, hydrogen chlonde/hydrochloric acid,
hydrogen bromide/hydrobromic acid, phosphoric acid, acetic acid, trifluoroacetic acid, toluenesulfonic
acid, methanesulfonic acid or trifluoromethanesulfonic acid, or mixtures thereof, optionally with addition
of water. Preference 1s given to hydrogen chlonde, hydrogen bromide, toluenesulfonic acid.

methanesultonic acid or sulfuric acid.

Suitable mert solvents for the salt formation are, for example, ethers such as diethyl ether, dioxane,
tetrahydrofuran, glycol dimethyl cther or diethylene glycol dimethyl ether, or other solvents such as
acctone, cthyl acetate, ethanol, n-propanol, 1sopropanol, acetonitrile, dimethyl sulphoxide, N,N-
dimethylformamide, N ,N-dimethylacetamide, N,N'-dimethylpropylencurea (DMPU) or N-methylpyrroli-
donc (NMP). It 1s also possible to use mixtures of the solvents mentioned. Preference 1s given to diethyl

cther, dioxane, tetrahydrofuran or mixtures of these solvents.

Reaction [A] (ester hvdrolyses)

The hydrolysis of the ester group in compounds of formula II 1s carried out by customary methods, by
treating the esters 1n mert solvents with acids or bases, where 1n the latter variant the salts initially formed
arc converted into the free carboxylic acids by treatment with acid. In the case of the rerr-butyl esters, the

ester hydrolysis 1s preferably effected with acids.

Suitable nert solvents for these reactions are water or the organic solvents customary for ester clcavage.
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These preferably include alcohols such as methanol, ethanol, #-propanol, 1sopropanol, #-butanol or feri-
butanol, cthers such as diethyl cther, tetrahydrofuran, 1,4-dioxane or 1,2-dimethoxycthane, or other
solvents such as dichloromethane, acetone, methyl ethyl ketone, N, N-dimethylformamide or dimethyl
sulphoxide. It 1s equally possible to use mixtures of these solvents. In the case of a basic ester hydrolysis,
preference 1s given to using mixtures of water with dioxane, tetrahydrofuran, methanol, ethanol and/or
dimethylformamide or mixtures of tetrahydrofuran and methanol or ethanol. In the case of the reaction
with trifluoroacetic acid, preference 1s given to using dichloromethane, and 1n the case of the reaction with

hydrogen chloride preference 1s given to using tetrahydrofuran, dicthyl ether, dioxane or water.

Suitable bases are the customary morganic bases. These especially include alkali metal or alkaline earth
metal hydroxides, for example lithium hydroxide, sodium hydroxide, potassium hydroxide or barium
hydroxide, or alkali metal or alkaline earth metal carbonates, such as sodium carbonate, potassium
carbonate or calcium carbonate. Preference 1s given to ithium hydroxide, sodium hydroxide or potassium

hydroxide.

Suitable acids for the ester hydrolysis are generally sulturic acid, hydrogen chloride/

hydrochloric acid, hydrogen bromide/hydrobromic acid, phosphoric acid, acetic acid, trnifluoroacetic acid,
toluenesulfonic acid, methanesulfonic acid or trifluoromethanesulfonic acid, or mixtures thereof,
optionally with addition of water. Preterence 1s given to hydrogen chloride or tntluoroacetic acid 1n the

case of the ferz-butyl esters and to hydrochloric acid 1n the case of the methyl esters.

The ester hydrolysis 1s generally carried out within a temperature range from -20°C to +120°C, preferably
at 0°C to +80°C.

The compounds of the formula (11)

R
2
N R1
4
| N F
X, _ X5 N F
T U
N
SRa
N O \—CHa
| 5
R (1)

in which R', R* | R’, R*, R’ and X, and X are defined as above are novel.
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The compounds of the formula (II) can be synthesized from the corresponding starting compounds of

formula (IV) by

| B| reacting the compounds of the formula (I1V)

(1V),
in which R'. R, R’, R* and X; and X; are defined as above.

with compounds of the formula (111}
R*-CHO (11D,

in which R represents C;-Cs-alkyl, preferably isopropyl,

in the presence of a reducing agent, a suitable base and a suitable solvent to provide compounds of the

formula (1I)

in which R', R*, R’, R*, R’ and X, and X are defined as above.

Reaction [B] (reductive amination)

The reaction of step [B] 1s generally carried out 1 nert solvents in the presence of a reducing agent, 1f
appropriate 1 the presence of a base and or a dehydrating agent, preferably mn a temperature range from

0°C to 60°C at atmospheric pressure.
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Suitable reducing agents for reductive aminations are alkali metal borohydrides customary for such
purposes such as sodium borohydride, sodium cyanoborohydrnide or sodium triacetoxyborohydride:

preference 1s given to using sodium triacetoxyborohydride.

The addition of an acid, such as acetic acid m particular, and/or of a dehydrating agent, for example

molecular sieve or trimethyl orthoformate or tricthyl orthoformate, may be advantageous 1n these reactions.

Bases are, for example organic bases such as tnalkylamines, for example trnicthylamine, N-
methylmorpholine, N-methylpiperidine, 4-dimethylaminopyridine or dusopropylethylamin, or pyridine.
Bases, such as N,N-dusopropylethylamine and tricthylamine i particular, may be advantageous 1n these

reactions.

Suitable solvents for these reactions are especially alcohols such as methanol, ethanol, n-propanol or
1sopropanol, ethers such as duisopropyl ether, methyl ferf-butyl ether, tetrahydrofuran, 1.4-dioxane or 1,2-
dimethoxyethane, polar aprotic solvents such as acetonitrile or N N-dimethylformamide (DMF) or

mixtures of such solvents; preference 1s given to using tetrahydrofuran.
The reactions are generally conducted within a temperature range of 0°C to +60°C.

The aldehydes of formula (111) are commercial available, known or can be synthesized from known starting

matcrials by known processes.

Compounds of the formula (IV)

A x 2 HC|
R2
N R1
R4
2 Q< =
xkfx2 N F
N
F
! \ /
O
H

in which R, R?, R’, R*and Xi and X are defined as above are novel.

The compounds of the formula (IV) can be synthesized from the corresponding compounds of formula

(V) by

|C] reacting the compounds of the formula (V)
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_16_
R3
NS
R
R® § (;(
| F
x1,,,.x2 ,N F

E ) e

)<(33H3

o V).

in which R', R?, R’, R* and X, and X are defined as above,

in the presence of a suitable acid and a suitable solvent.

Reaction [C] (Deprotection)

The reaction |C] 1s generally carried out 1n mert solvents 1n the presence of a suitable acid 1n the presence

of an mert solvent, preferably 1n a temperature range from 0°C to 60°C at atmospheric pressure.

Acids are, for example organic or inorganic acids such as sulfuric acid, hydrogen chloride/hydrochloric
acid, hydrogen bromide/hydrobromic acid, phosphoric acid, acetic acid, trntluoroacetic acid.
toluenesulfonic acid, methanesulfonic acid or trifluoromethanesulfonic acid, or mixtures thereof,

optionally with addition of water. Preference 1s given to hydrogen chloride or trifluoroacetic acid.

Suitable solvents for these reactions are especially alcohols such as methanol, ethanol, n-propanol or
1sopropanol, ethers such as duisopropyl ether, methyl ferf-butyl ether, tetrahydrofuran, 1.4-dioxane or 1,2-
dimethoxyecthane, polar aprotic solvents such as acctonitrile or N N-dimethylformamide (DMF) or

mixtures of such solvents; preference 1s given to using tetrahydrofuran.

The reactions are generally conducted within a temperature range of 0°C to +60°C.
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Compounds of formula (V)
3
( J
X1 X2 N
N
/A
E j \_._CH3
cf’H3

o ® CH3 V)

in which R!, R*, R’, R* and X; and X; are defined as above are novel.

The compounds of the formula (V) can be synthesized from the corresponding compounds of formula
5 (VI) by

|D| reacting the compounds of the formula (VI1II)

R
2
N 1
R
OTf
Q:
N F
N.n""Ir
\ // F
O

in which R', R? and R’ are defined as above.

in the presence of a suitable palladium catalyst, base and a suitable solvent

10  with compounds of the formula (VI)

(VD).
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Reaction [D] (Suzuki coupling)

The reaction |D] 1s generally carried out 1n the presence of a suitable palladium catalyst and a suitable base
in 1mnert solvents, preferably at temperature range from room temperature up to reflux of the solvents at

atmospheric pressure.

Inert solvents for reaction |D] are for example alcohols like methanol, ethanol, n-propanol, 1sopropanol,
n-butanol or tert.-butanol, ether like diethylether, dioxane, tetrahydrofuran, glycoldimethylether or di-
cthylenglycoldimethylether, hydrocarbons like benzene, xylol, toluene, hexane, cyclohexane or petroleum
oil, or other solvents like dimethylformamide (DMF), dimethylsultoxide (DMSO), N,N'-dimethyl-
propylene ureca (DMPU), N-methylpyrrolidone (NMP), pyridine, acetonitrile or also water. It 1s also
possible to utilize mixtures of the atorementioned solvents. Preferred 1s a mixture of dimethylformamide

/ water and toluene / ethanol.

Suitable bases for reaction steps are the customary inorganic bases. These especially include alkali metal
or alkaline carth metal hydroxides, for example lithium hydroxide, sodium hydroxide, potassium
hydroxide or banum hydroxide alkali metal hydrogencarbonates like sodium or potassium -
hydrogencarbonate, or alkali metal or alkaline carth metal carbonates such as lithium, sodium, potassium,
calcium or cesium carbonate, or alkali hydrogenphosphates like disodium or dipotassium hydrogen-

phosphate. Preferably used bases are sodium or potassium carbonate.

Examples of suitable palladium catalysts for reaction steps ["Suzuki-coupling”| are ¢.g. palladium on
charcoal, palladium(Il)-acetate, tetrakis-(triphenylphosphine)-palladium(0), bis-(triphenylphosphine)-
palladium(ll)-chloride, bis-(acctonitrile)-palladium(ll)-chloride and |[1,1'-bis(diphenylphosphino)ferro-
cene |dichloropalladium(ll)-dichlormethane-complex [ct. ¢.g. Hassan J. ¢t al., Chem. Rev. 102, 1359-1469
(2002)].

The reaction steps are generally carried out within a temperature range from +20°C to +150°C, preferably

at +50°C to +100°C.

The compounds of the formula (V1) are novel, commercial available or available via known processes.
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The compounds of the formula (VIII)
=3
R2
N 1
R
OTf
(™
N""l\I y
\ J/ F
O (VIID),
5 \—CH,
in which R', R” and R’ are defined as above are novel.
The compounds of the formula (VIII) can be prepared
|[E] by reacting compounds of the formula (1X)
=3
RZ
N 1
R
OH
(=
N""N i
\ J/ F
S \_——CHj

in which R', R? and R’ are as defined above.

with triflic acid anhydride 1 the presence of base and an mert solvent.

Reaction |E] (tnflatization)

The reaction |E| 1s generally carried out 1in mert solvents, preferably in a temperature range from room

temperature up to reflux of the solvents at atmospheric pressure.

Bases are, for example, organic bases like alkali amines or pyridines or morganic bases such as sodium
hydroxide, lithrum hydroxide or potassium hydroxide, or alkali metal carbonates such as caesium
carbonate, sodium carbonate or potassium carbonate, or alkoxides such as potassium rers-butoxide or
sodium fert-butoxide, or pyridines such as pyridine or 2.6-lutidine, or alkali amines such as tricthylamine

or N,N-dusopropylethylamine; preference 1s given to tricthylamine.

Inert solvents are, for example, ethers such as dicthyl cther, methyl ferz-butyl ether, 1,2-dimethoxyethane,

dioxanec or tetrahydrofuran, or other solvents such as dichloromethane, dimethylformamide,
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dimethylacetamide, acetonitrile or pyndine, or mixtures of solvents; preference 1s given to

dichloromethane.

The compounds of the formula (1X)

R
R2
N 1
R
OH
(=
N F
Nf
\ J/ F
O
3 \_—CHj
(1X),
5 in which R}, R? and R’ are defined as above are novel.
The compounds of the formula (IX) can be prepared
|F] by reacting compounds of the formula (X)
3
2
ng
O
F
N F
Nf
\ /[ F
L (X)),
CH
O__C H . O 3

in which R', R? and R’ are as defined above.

10 with an acid optionally 1n an 1nert solvent.

Reaction [F] (acidic deprotection)

The reaction [F| 1s generally carried out 1 mert solvents or without solvents, preferably in a temperature

range from 0°C up to reflux of the solvents at atmospheric pressure.

Inert solvents are, for example, halogenated hydrocarbons such as dichloromethane, trichloromethane,
15  carbon tetrachlonde or 1,2-dichlorocthane, alcohols such as methanol or ¢thanol, cthers such as dicthyl
cther, methyl rers-butyl ether, 1,2-dimethoxyethane, dioxane or tetrahydrofuran, or other solvents such as
dimethylformamide, dimethoxy ethane, N-methyl-pyrrolidone, dimethylacetamide, acetonitrile, acetone

or pyridine, or mixtures of solvents; preference 1s given to dichloromethane or dioxane.
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Suitable acids for the acidic deprotection are generally sulfuric acid, hydrogen chloride/hydrochloric acid,
hydrogen bromide/hydrobromic acid, phosphoric acid, acetic acid, trifluoroacetic acid, toluenesulfonic
acid, methanesulfonic acid or trifluoromethanesulfonic acid, or mixtures thereof, optionally with addition

of water. Preference 1s given to hydrogen chloride or trifluoroacetic acid.

5  Compounds of the formula (X)

3
N R2
Fox
O
F
N F
NJ"
/A
O (X),
\—CH
O‘"C H, O 3
in which R', R” and R’ are as defined above are novel.
The compounds of the formula (X) can be prepared
|G| by reacting compounds of the formula (XI11)
2
HN 1
R
(=
N'N F
\ [/ F
o (XII),
o/ \—CH;
10
in which R! and R? are as defined above,
with compounds of the formula (XI)
=3
O Br
Q (XD),
CHj

in which
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R’ is as defined above,

in the presence of a palladium source, a suitable ligand and a base.

Reaction [G] (Buchwald Hartwig coupling)

The reaction |G] 1s generally carried out i the presence of a palladium source, a suitable ligand and a basc
in 1nert solvents, preferably m a temperature range from room temperature up to reflux of the solvents at

atmospheric pressure.

The palladium source and a suitable ligand are, for example, palladium on charcoal, palladium(ll)-acetate,
tris(dibenzylhidencacetone)palladium(0), tetrakis-(triphenylphosphine)-palladium(0), bis-
(tnniphenylphosphine)-palladium(ll)  chlonde,  bis-(acetonitrile)-palladium(ll)  chlonde,  |1.1'-
bis(diphenylphosphino)terrocene|dichloro palladium (II) and corresponding dichloromethan-complex,
optionally 1 conjunction with additional phosphane lLigands like for example 2,2'-
Bis(diphenylphosphino)-1,1'-binaphthyl (BINAP), (2-dicyclohexylphosphino-2'.4’6"-triisopropyl-1,1'-
biphenyl)[2-(2'-amino-1,1'-biphenyl)|palladium(Il)  methanesulfonate  (XPhos-Pd-G3, CAS-No:
1445085-55-1), (2-biphenyl)di-fert.-butylphosphine, dicyclohexyl|2',4',6'-tris(1-methylethyl)biphenyl-2-
yl|phosphane (XPhos, CAS-No: CAS-No: 564483-18-7), Bis(2-phenylphosphinophenyl)ether (DPEphos),
or 4,5-bis(diphenylphosphino)-9,9-dimethylxanthene (Xantphos: CAS-No: 161265-03-8) [cf. ¢.g. Hassan
J. et al., Chem. Rev. 2002, 102, 1359-1469], 2-(dicyclohexylphosphine)-3,6-dimethoxy-2'.4",6'-
trusopropyl-1,1'-biphenyl  (BrettPhos, CAS-No: 1070663-78-3), 2-dicyclohexylphosphino-2',6'-
dimethoxybiphenyl (SPhos, CAS-No: 657408-07-6), 2-dicyclohexylphosphino-2',6'-
dusopropoxybiphenyl (RuPhos, CAS-No: 787618-22-8), 2-(di-tert-butylphosphino)-3-methoxy-6-
mcthyl-2'.4' 6'-tr1-1-propyl-1,1'-biphenyl (RockPhos) and 2-di-tert-butylphosphino-2'.4',6'-
trusopropylbiphenyl (zer-ButylXPhos). It 1s also possible to use corresponding precatalysts such as
chloro-[2-(dicyclohexylphosphine)-3,6-dimethoxy-2'.4",6'-trusopropyl-1, 1'-biphenyl ][ 2-(2-aminocthyl)-
phenyl [palladium(1l) (BrettPhos precatalysts) [cf. ¢.g. S. L. Buchwald ¢t al., Chem. Sci. 2013, 4, 916]
optionally be used m conjunction with additional phosphine ligands such as 2-(dicyclohexylphosphine)-
3,6-dimethoxy-2'4".6'-trusopropyl-1,1'-biphenyl (BrettPhos).

Preference 1S glven to 2,2'-Bis(diphenylphosphino)-1,1'-binaphthyl (BINAP),
tris(dibenzylideneacetone)palladium(0), or m combination with 4,5-bis(diphenylphosphino)-9,9-
dimethylxanthen (Xantphos) or dicyclohexyl|2'.4',6'-tris(1-methylethyl)biphenyl-2-yl|phosphane (XPhos).

Bases are, for example, suitable morganic or organic bases like e.g. alkali or earth alkali metal carbonates
such as lithium, sodium , potassium, calcium or cesium carbonate, or sodium bicarbonate or potassium

bicarbonate, alkali metal hydrogencarbonates such as sodium hydrogencarbonate or potassium
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hydrogencarbonate, alkali metal or earth alkali hydroxides such as sodium, barium or potassium
hydroxide; alkali metal or carth alkali phosphates like potassium phosphate; alkali metal alcoholates like
sodium or potassium tert.-butylate and sodium methanolate, alkali metal phenolates like sodium phenolate,
potassium acetate, amides like sodium amide, lithtum-, sodium- or potassium -bis(trimethylsilyl)amide or
lithium dusopropylamide or organic amines like 1,5-diazabicyclo[4.3.0]non-5-ene¢ (DBN), 1,38-
diazabicyclo[5.4.0Jundec-7-en (DBU). Preference 1s given to caesium carbonate, sodium carbonate,

potassium carbonate or sodium hydrogencarbonate .

Inert solvents are, for example, ethers such as dioxane, diethyl cther, tetrahydrofuran, 2-methyl-
tetrahydrofuran, di-n-butylether, cyclopentylmethylether, glycoldimethylether or diethyleneglycol-
dimethylether, alcohols like zert.-butanol or amylalcohols or dimethylformamide, dimethylacetamide,
dimethyl sulphoxide, N-methylpyrrolidone, toluene or acetonitrile, or mixtures of the solvents; preterence

1S given to fert.-butanol, 1.4-dioxane and toluenc.

The compounds of the formula (XI) are known or can be synthesized from the corresponding, commercial

available starting compounds by known processes.

The compounds of the formula (XII) are novel

N"'l\I "
\ // F
0 (X10),
o/ \—CHjg

in which R! and R? are as defined above.

The compounds of the formula (XII) can be prepared

|[H| by reacting compounds of the formula (XIII)

(XIII),

in which R' and R” are as defined above,
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with an acid 1n an 1nert solvent.

Reaction |H] (debocylation)

The reaction [H] 1s generally carrnied out 1n 1nert solvents 1n the presence of a suitable acid, preferably 1 a

temperature range from 0°C to 60°C at atmospheric pressure.

Acids are for example organic or mnorganic acids such as sulfuric acid, hydrogen chloride/hydrochloric
acid, hydrogen bromide/hydrobromic acid, phosphoric acid, acetic acid, trntfluoroacetic acid,
toluenesulfonic acid, methanesulfonic acid or trifluoromethanesulfonic acid, or mixtures thereof,

optionally with addition of water. Preference 1s given to hydrogen chlonide or trifluoroacetic acid

Inert solvents are alcohols such as methanol, ethanol or i1sopropanol, cthers such as diethyl cther,
dusopropyl ether, methyl ferr-butyl cther, tetrahydrofuran or 1.4-dioxane, dichloromethane, polar aprotic

solvents such as acetonitrile or N, N-dimethylformamide (DMF) or mixtures of such solvents; preference

1s given to using 1,4-dioxane.

The compounds of the formula (XIII)

in which
R! and R” are as defined above,

are novel.

The compounds of the formula (XIII) can be prepared

[I] by reacting compounds of the formula (XV)
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in which
R' and R? are as defined above,

with compounds of the formula (XIV)

1n a solvent.

Reaction |1] (pyrazole formation)

(XV),

PCT/EP2021/084987

The reaction [1] 1s generally carried out 1n a solvent at temperatures from room temperature to reflux.

Suitable solvents are alcohols such as methanol, ethanol or 1sopropanol, ethers such as diethyl cther,
dusopropyl ether, methyl ferr-butyl cther, tetrahydrofuran or 1.4-dioxane, dichloromethane, polar aprotic

solvents such as acetonitrile or N, N-dimethylformamide (DMF) or mixtures of such solvents; preference

1S given to using ethanol.

The compound of the formula (XIV) are known, commercial available or can be synthesized from the
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