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Anthelmintic compounds comprising a thienopyridine structure

The present invention relates to new anthelmintic compounds. These compounds can for example
be used 1n the treatment of the kind of worm disease caused by helminths such as Dirofilaria, in

particular Dirofilaria immitis.

Background

Several severe animal diseases are caused by helminths, wherein the helminths can be categorized
in the following groups of a) cestodes: e.g Anaplocephala spp.; Dipylidium spp.,
Diphyllobothrium spp., Echinococcus spp., Moniezia spp.; laenia spp.; b) trematodes e.g.
Dicrocoelium spp.; Fasciola spp., Paramphistomum spp., Schistosoma spp.; or ¢) nematodes, e.g.
Acanthocheilonema spp.; Ancylostoma spp.; Anecator spp., Ascaridia spp.; Ascaris spp.; Brugia
spp.; Bunostomum spp.; Capillaria spp.; Chabertia spp.; Cooperia spp., Cyathostomum spp.;
Cylicocyclus  spp.; Cylicodontophorus spp., Cylicostephanus spp., Craterostomum Sspp.;
Dictyocaulus spp., Dipetalonema spp;, Dirofilaria spp., Dracunculus spp.; Enterobius spp.;
Filaroides spp., Habronema spp., Haemonchus spp., Heterakis spp.; Hyostrongylus spp.;
Metastrongylus spp., Meullerius spp. Necator spp., Nematodirus spp.; Nippostrongylus spp.;
Oesophagostomum spp., Onchocerca spp., Onchocercidae spp; Ostertagia spp., Oxyuris spp.;
Parascaris spp., Stephanurus spp., Strongylus spp., Syngamus spp., 1oxocara spp.; Strongyloides
spp.; 1eladorsagia spp.; 1oxascaris spp.; 1richinella spp.; Trichuris spp.; 1richostrongylus spp.;

I riodontophorous spp.; Uncinaria spp., and/or Wuchereria spp.

The above helminths cause helminthiasis also known as worm infection. These helminths often
live 1n the gastrointestinal tract of their host, but they may also burrow 1nto other organs, where
they 1nduce physiological damage. For example, Ascaridia spp. are reported to cause from
infections of the small intestine to partial or even total obstruction of the gastrointestinal tract of
the affected animal, 1n particular feather animals such as birds. Further, another helminth,
Haemonchus spp. are known to affect animals like sheep and goats, wherein such infestation often
results 1n the attachment in the abomasal mucosa for sucking blood from the host. Thus, the
affected animal can get anaemic and short of breath. Even further, Oesophagostomum spp. are

known to cause a nodule formation in the intestines of its infected hosts, which may result in

dysentery.

Furthermore, heartworm disease, also known as cardiovascular dirofilariasis, 1s a serious and
mostly fatal disease that may affect inner organs such as lung and heart in pets and certain

mammals. The disease 1s caused by parasitic nematodes, Dirofilaria immitis, which in the adult
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state can have a length up to about 30 centimetres and a thickness of about 1 millimetre. These
nematodes live 1n the heart, the lung and associated blood vessels causing severe lung disease,
heart failure and damage to other inner organs such as the liver and kidneys. Thus, heartworm

infection may result in complication for the host, typically culminating in the host’s death.

The heartworm disease 1s known to affect pets, 1n particular dogs, which are considered as the
definitive host. However, also cats, ferrets, wolves, coyotes, jackals, foxes, bears, sea lions and 1n

very rare cases even humans (zoonosis) may be affected by heartworms.

Heartworms have to go through different stages before they become adults residing 1n the host
animal. The mosquito plays an essential role in the heartworm’s life cycle since it 1s required as
an intermediate host. Adult female heartworms living in an infected host give birth to larvae called
microfilaria, which can circulate in the bloodstream for as long as two years and are ingested by
bloodsucking mosquitos. When a mosquito bites and takes up blood from such an infected host, 1t
picks up said microfilaria, which start to develop in the mosquito such that the first and second
larval stages (L1) and (L») of the heartworm development occurs within the body of a mosquito.
Once said larvae have matured into the third larval stage (L3), the infective larval stage, and the
mosquito locates and bites a host, these infective larvae are deposited onto the surface of the host’s
skin and enter the new host through the mosquito’s bite such that they are under the skin at the site
of the bite wound. After a short period of about 2 weeks for further growth, they develop into the
fourth larval stage (Ls) and migrate to the muscles of the chest and abdomen. 45 to 60 days after
infection the larvae become immature adults (fifth larval stage; Ls,) and between 75 and 120 days
after infection (bite of the mosquito), these immature heartworms then enter the bloodstream and
are carried to the heart and the pulmonary system, where they significantly increase in size over
the next about three months. By seven months after the infection (bite of the mosquito) the adult
worms have mated, and the females begin giving birth to the above-mentioned microfilaria. The
matured heartworms can live for up to about 7 years 1n dogs and up to about 3 years in cats. Due
to the longevity of these worms, each mosquito season can lead to an increasing number of

heartworms 1n an infected pet.

Due to the extensive use of anthelmintic compounds, a highly resistant worm population 1s
reported to have occurred. The occurrence of this resistance against known anthelmintics 1s
considered to cause growing problems for a successful treatment of the above-mentioned

disease(s).

WO 2018/087036 A1 and WO 2019/025341 A1 both disclose a compound considered as

anthelmintic, namely a quinoline 3-carboxamide derivative of the following structure

2
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wherein residues R!, R*, R’, R*, R>, R® A and Q are defined correspondingly.

Further, WO 2017/178416 discloses a compound considered as anthelmintic, namely a

pyrazolopyrimidine derivative of the following structure

wherein residues R”, R', R*, R, R*, Q, X and Y as well as variable n are defined correspondingly.

The molecules are considered as modulators of the calcium-activated potassium channel slo-1of
nematodes, wherein slo-1 can be regarded as the helminth’s ortholog of the human KCal.1 channel
(potassium calcium-activated channel subfamily M alpha 1), which 1s encoded by the KCNMA1
gene (KCal.l and KCNMAT1 are often used synonymously). Slo-1 exhibits calcium-activated
potassium channel activity and voltage-gated potassium channel activity. Slo-1 channels play an
important role 1n the neuromuscular system as well as in secretory cells among others. Thus, slo-
1 modulators are reported to be involved 1n several processes including behavioural response to
ethanol, locomotion and pharyngeal pumping. More particularly they disrupt neuromuscular
transmission causing a flaccid paralysis and also affect feeding and egg-laying. Further, they slow

the development of the larvae and the adults of the corresponding helminth.

Nevertheless, especially 1n view of the occurrence of resistance to known anthelmintic compounds
there 1s still an urgent need for new active pharmaceutical ingredients that are able to address

infections by helminths.

Hence, 1t 1s an object of the present invention to overcome one or more of the drawbacks of the

prior art.

It 1s an object to provide new anthelmintic compounds which can be used to address infections in
mammals, 1n particular in pets such as cats and dogs, especially in dogs. In particular, 1t 1s an object

to provide new anthelmintic compounds which can be used to address infections in mammals by
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parasitic helminths such Ostertagia ostertagi, Cooperia oncophora, Cooperia punctaia,

Irichostrongylus axei, Haemonchus placei, Haemonchus contortus, Nematodirus helvetianus,

Nematodirus spathiger, 1richostrongylus colubriformis, 1richostrongylus circumcincia,

Oesophagostomum venulosum, Chabertia ovina, Dictyocaulus viviparous, Dictyocaulus filaria,
Dirofilaria immitis, Dirofilaria repens; b) lrematodes: I'asciola hepatica, Fascioloides magna,
Dicrocoelium dentriticum, Paramphistomum cervi, ¢) Cestodes:Monezia expansa, in particular

infections by Dirofilaria immitis (heartworm).

Another object 1s to provide new anthelmintic compounds which can be used to address infections
1n mammals, wherein these compounds are compatible with standard antiparasitic treatments in
pets, 1n particular 1n cats and dogs, especially in dogs. In particular, 1t 1s an object to provide new
anthelmintic compounds which can be used to address infections in pets such as cats and dogs and

which can be administered orally or topically.

More specifically, i1t 1s an object to provide new anthelmintic compounds which can be used to
address infections 1n mammals by parasitic helminths, 1n particular infections by Dirofilaria

immitis (heartworm), but does not negatively affect the host by undesired side-etfects.

Moreover, 1t 1S an object that said new anthelmintic compounds can be used 1n different treatment

schedules, 1n particular in monthly or longer treatment schedules.
Summary of the invention

Surprisingly 1t was found that at least one of the objects can be met by providing a compound

according to Formula (I)

7
0
R | h
’1?}
Formula (I)

wherein
R'! is independently selected from the group consisting of

hydrogen, Cis-alkyl, Ciys-alkenyl, Cyes-alkynyl, Cs.io-cycloalkyl, 5- to 10- membered
heterocyclyl, Ces.10 aryl, 5- to 10- membered heteroaryl, Cis-alkoxy, Cis-alkylmercapto,
4
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halogen, cyano, nitro, hydroxy, mercapto, NR’R’, COOH, C(=0)OR*, SR*, SOR*, SO,R",
SO;NRR® and C(=0)NR"R®,

wherein each Cis-alkyl, C,s-alkenyl, Cis-alkynyl, Cs.io-cycloalkyl, 5- to 10-
membered heterocyclyl, Ces-10 aryl, 5- to 10- membered heteroaryl, Ci6-alkoxy or
Cis-alkylmercapto, 1s optionally substituted with one or more substituent(s)

independently selected from the group consisting of

Cis-alkyl, Cye-alkenyl, Cy6-alkynyl, Cs.10-cycloalkyl, 5- to 10- membered
heterocyclyl, Ce-10-aryl, 5- to 10- membered heteroaryl, Cis-alkoxy, Ci-
alkylmercapto, halogen, cyano, nitro, hydroxy, mercapto, NR?R?,

C(=0)OR*, SR*, SOR*, SO,R*, SO;NR>R® and C(=0)NR’ R®,
R* and R’ are independently selected from the group consisting of

hydrogen, Cis-alkyl, Cys-alkenyl, Cis-alkynyl, Cs.j0-cycloalkyl, 5- to 10- membered
heterocyclyl, Cs-10-aryl, 5- to 10- membered heteroaryl, C;s-alkoxy-Ci-s-alkyl, Ci-s-alkyl
substituted with Cs.jo-cycloalkyl, Ci-¢-alkyl substituted with 5- to 10- membered
heterocyclyl, Ci-s-alkyl substituted with Ces.10-aryl and Ci-s-alkyl substituted with 5- to 10-

membered heteroaryl, or

R* and R’ together with the N atom to which they are attached form a saturated or unsaturated

heterocyclic ring having 3 to 12 ring atoms, wherein O, 1, 2, or 3 further ring atoms are selected

from N, S and O,

wherein each Cis-alkyl, Cis-alkenyl, Cie-alkynyl, Cs.io-cycloalkyl, 5- to 10-
membered heterocyclyl, Ces.10-aryl, 5- to 10- membered heteroaryl, C;-alkoxy-
Ci-s-alkyl, Ci-¢-alkyl substituted with Cs.10-cycloalkyl, Ci-s-alkyl substituted with
5-to 10- membered heterocyclyl, Ci-s-alkyl substituted with Ces-10-aryl or Ci-s-alkyl
substituted with 5- to 10- membered heteroaryl or the heterocyclic ring formed by
R* and R’ together with the N atom to which they are attached is optionally
substituted with one or more substituent(s) independently selected from the group

consisting of

Cis-alkyl, Cis-alkenyl, Cos-alkynyl, Cs.10-cycloalkyl, 5- to 10- membered
heterocyclyl, Ces-10-aryl, 5- to 10- membered heteroaryl, C;.s-alkoxy,
carbonyl, halogen, cyano, hydroxy, mercapto, NR* R’ | C(=0)OR* , SR* |
SOR?, SO;R* |, SO;NR’ R® and C(=O)NR> R°® |
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R* R’and R°® are independently selected from hydrogen and Ci.s-alkyl,
R?,R’,R* R’ and R® are independently selected from hydrogen and Ci-alkyl,
R? ,R*,R*, R’ and R® are independently selected from hydrogen and Ci.s-alkyl,
R’ is independently selected from the group consisting of

5 hydrogen, Cis-alkyl, Ciys-alkenyl, Cis-alkynyl, Cs.ijo-cycloalkyl, 4- to 10- membered
heterocyclyl, Ce-10 aryl, 5- to 10- membered heteroaryl, Cis-alkoxy, Cis-alkylmercapto,
halogen, cyano, nitro, hydroxy, mercapto, NR°R’, COOH, C(=0)OR", SR' SOR",
SO,R"Y, SO,NR''R'* and C(=O)NR''R'*,

wherein each Cis-alkyl, Cis-alkenyl, Cje-alkynyl, Cs.io-cycloalkyl, 4- to 10-
10 membered heterocyclyl, Ce-10 aryl, 5- to 10- membered heteroaryl, Ci6-alkoxy or
Cis-alkylmercapto, 1s optionally substituted with one or more substituent(s)

independently selected from the group consisting of

Cirs-alkyl, Cis-alkenyl, Cas-alkynyl, Cs.10-cycloalkyl, 5- to 10- membered
heterocyclyl, Ces.10-aryl, 5- to 10- membered heteroaryl, Cis-alkoxy, Ci-6-
15 alkylmercapto, halogen, cyano, nitro, hydroxy, mercapto, oxo, NR*R”

C(=0)OR!, SR’ SOR! SO,R!", SO,NR!'R!* and C(=O)NR!!' R!?
R® and R” are independently selected from the group consisting of

hydrogen, Cis-alkyl, Ciys-alkenyl, Cys-alkynyl, Cs.ijo-cycloalkyl, 5- to 10- membered
heterocyclyl, Ce-10-aryl, 5- to 10- membered heteroaryl, Cis-alkoxy-Ci-s-alkyl, Ci-s-alkyl
20 substituted with Cs.jo-cycloalkyl, Ci-s-alkyl substituted with 5- to 10- membered
heterocyclyl, Ci-s-alkyl substituted with Ces.10-aryl and Ci-s-alkyl substituted with 5- to 10-

membered heteroaryl, or

R® and R’ together with the N atom to which they are attached form a saturated or unsaturated

heterocyclic ring having 3 to 12 ring atoms, wherein O, 1, 2, or 3 further ring atoms are selected

25 from N, S and O,

wherein each Cis-alkyl, Cie-alkenyl, Cis-alkynyl, Cs.io-cycloalkyl, 5- to 10-
membered heterocyclyl, Ces-10-aryl, 5- to 10- membered heteroaryl, C;-¢-alkoxy-Ci-
s-alkyl, Ci-¢-alkyl substituted with Cs.io-cycloalkyl, Ci-s-alkyl substituted with 5-
to 10- membered heterocyclyl, Ci-s-alkyl substituted with Ce.10-aryl or C;-¢-alkyl
30 substituted with 3- to 10- membered heteroaryl or the heterocyclic ring formed by
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R® and R’ together with the N atom to which they are attached is optionally
substituted with one or more substituent(s) independently selected from the group

consisting of

Cirs-alkyl, Cis-alkenyl, Cos-alkynyl, Cs.10-cycloalkyl, 5- to 10- membered
heterocyclyl, Cs.10-aryl, 5- to 10- membered heteroaryl, Cis-alkoxy,
carbonyl, halogen, cyano, hydroxy, mercapto, NR®* R’ | C(=0)OR!" |
SR!Y SOR! SO,R! | SO,NR!! R!* and C(=O)NR!! R!* |

R'" R''and R'* are independently selected from hydrogen and C,.¢-alkyl,

R®, R”,R!Y R! and R'? are independently selected from hydrogen and Ci¢-alkyl,
R® R’ ,R!Y R! and R!? are independently selected from hydrogen and Cs-alkyl,
R" is hydrogen or C;-3 alkyl,

R!* is hydrogen, Ci-3 alkyl, Ci-3 alkoxy, NR"* R | wherein R!* and R!* are independently
Ci3-alkyl or

R" and R'* together with the atoms to which they are attached form a 5 or 6- carbon atoms
containing saturated ring, wherein the saturated ring 1s optionally substituted with one or more C;.

s-alkyl or =0, and/or wherein one or more of the ring-forming carbon atoms are optionally replaced

by -NH-, -O-, -§(O)-, -S(O),- or -S-, or

R" and R'* together with the atoms to which they are attached form a 5 or 6- carbon atoms
containing unsaturated ring, wherein the unsaturated ring 1s optionally substituted with one or more

Ci3-alkyl, and/or wherein one or more of the ring-forming carbon atoms are optionally replaced

by -NH-, -N=, =N-, -O- or -S-,

A1l is N or CR", wherein R" is independently hydrogen, halogen, Ci-; alkyl, Ci-3 alkoxy, or
NR!P"R!  wherein R!> and R!® are independently C;_3-alkyl,

A2 is N or CR'*, wherein R'® is independently hydrogen, halogen, Ci-; alkyl, Ci-3 alkoxy, or
NR!®R!'®  wherein R!® and R'® are independently C;.3-alkyl,

A3 is N or CR"Y, wherein R'’ is independently hydrogen, halogen, Ci-3 alkyl, Ci-3 alkoxy, or
NR!"R!'" wherein R!” and R!” are independently C;.s-alkyl,

A4 is N or CR', wherein R'® is independently hydrogen, halogen Ci-; alkyl, C;-; alkoxy, or
NR!®R!®  wherein R'®* and R!®* are independently C;s-alkyl,
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R' is independently selected from the group consisting of Cs.10-aryl and 5- to 10- membered

heteroaryl,

wherein each Cs.10-aryl or 5- to 10- membered heteroaryl 1s optionally substituted

with one or more substituent(s) independently selected from the group consisting

of

Cie-alkyl, Cis-alkenyl, Cs.10-cycloalkyl, 5- to 10- membered heterocyclyl,
Cs-10-aryl, 5- to 10- membered heteroaryl, Cis-alkoxy, Ci-s-alkylmercapto,
halogen, cyano, nitro, hydroxy, mercapto, NR*’R*!, C(=0)OR**, SR**
SOR*?, SO,R**, SO,NR*R** and C(=O)NR*'R**,

R*Yand R*! are independently selected from the group consisting of

hydrogen, Ci.s-alkyl, Cs.io-cycloalkyl, Cs.10-aryl, 5- to 10- membered heteroaryl, Cie-
alkoxy-Ci-¢-alkyl, Ci1-Ce-alkyl substituted with Cs.10-aryl, Ci-s-alkyl substituted with 5- to

10- membered heteroaryl, or

R*’ and R*! together with the N atom to which they are attached form a saturated or unsaturated

heterocyclic ring having 3 to 12 ring atoms, wherein O, 1, 2, or 3 further ring atoms are selected

from N, S and O,

wherein each Cis-alkyl, Cis-alkenyl, Cs.o-cycloalkyl, 5- to 10- membered
heterocyclyl, Ce.10-aryl, 5- to 10- membered heteroaryl, Cis-alkoxy or Cjs-
alkylmercapto or the heterocyclic ring formed by R*’ and R*' together with the N
atom to which they are attached 1s optionally substituted with one or more

substituents independently selected from the group consisting of

Cirs-alkyl, Cis-alkenyl, Cas-alkynyl, Cs.10-cycloalkyl, 5- to 10- membered
heterocyclyl, Cs.10-aryl, 5- to 10- membered heteroaryl, Cis-alkoxy,
carbonyl, halogen, cyano, hydroxy, mercapto, NR**R*! C(=0)OR*?,
SR?*? | SOR?*?, SO,R*?, SO,NR** R?** | and C(=O)NR?** R**,

R**, R*’ and R** are independently selected from hydrogen and Ci.s-alkyl,
R?" R?' R*? R* and R** are independently selected from hydrogen and Ci-alkyl,
R*is independently selected from hydrogen and Ci.s-alkyl,

or a stereoisomer, physiologically acceptable salt, ester, solvate, polymorph, prodrug and

mixtures thereof.
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In one embodiment of the invention and/or embodiments thereof, R' is independently selected

from the group consisting of

hydrogen, Cis-alkyl, Cis-alkoxy, halogen, cyano, nitro, hydroxy, NR°R’, C(=0)OR" and
C(=0)NR°R®,

wherein each Cis-alkyl or Cie-alkoxy 1s optionally substituted with one or more

substituents independently selected from the group consisting of
Ci6-alkyl, Ci6-alkoxy, halogen, cyano, nitro, hydroxy and NR? R’
R*and R’ are independently selected from the group consisting of
hydrogen, Cis-alkyl, Cs.10-cycloalkyl, Ce.10-aryl and 5 to 10-membered heteroaryl, or

R* and R’ together with the N atom to which they are attached form a saturated or unsaturated
heterocyclic ring having 3 to 12 ring atoms, wherein 1 ring atom 1s N and wherein 0, 1, 2 or 3

further ring atoms are selected from N, S and O,

wherein each Ci.s-alkyl, Cs.10-cycloalkyl, Cs.10-aryl or 5 to 10-membered heteroaryl or
the heterocyclic ring formed by R* and R’ together with the N atom to which they are
attached 1s optionally substituted with one or more substituent(s) independently selected

from the group consisting of
Cis-alkyl, Cs.10-cycloalkyl and Cis-alkoxy,
R* R’and R® are independently selected from hydrogen and Ci6-alkyl,
R? and R’ are independently selected from hydrogen and C.s-alkyl.

In one embodiment of the invention and/or embodiments thereof, R' is independently selected

from the group consisting of
hydrogen, Cis-alkyl, Ci6-alkoxy and halogen,

wherein each Cis-alkyl or Ci.-alkoxy 1s optionally substituted with one or more

substituent(s) independently selected from the group consisting of
Ci-alkyl, Ci6-alkoxy, halogen, cyano, hydroxy and NR* R |
wherein R? and R*’ are independently selected from hydrogen and Cj.s-alkyl.

In one embodiment of the invention and/or embodiments thereof, R' is independently selected

from the group consisting of
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hydrogen, methyl, trifluoromethyl, ethyl, methoxy, ethoxy, fluoride and chloride, 1n
particular hydrogen and methyl.

In one embodiment of the invention and/or embodiments thereof,
R’ is independently selected from the group consisting of

hydrogen, Ci¢-alkyl, Cs-¢-alkenyl, Cs.10-cycloalkyl, 4- to 10 membered heterocyclyl, Cie-
alkoxy, halogen, cyano, hydroxy, NR®R’, C(=0)OR!, SR! SOR!” SO,R! and
C(=0O)NR''R",

wherein each Cis-alkyl, Cj-s-alkenyl, Cs.jo-cycloalkyl, 4- to 10 membered
heterocyclyl or Ci.s-alkoxy 1s optionally substituted with one or more substituent(s)

independently selected from the group consisting of

Cis-alkyl, Cs.10-cycloalkyl, 5- to 10 membered heterocyclyl, Ci-alkoxy,
halogen, cyano, hydroxy, oxo, NR®* R’ |, C(=0)OR!? | and C(=O)NR!!' R!?

R® and R” are independently selected from the group consisting of

hydrogen, Ci.s-alkyl, Cs-10-cycloalkyl, Ce-10-aryl, 5- to 10 membered heterocyclyl and 3- to

10 membered heteroaryl, or

R® and R” together with the N atom to which they are attached form a saturated or unsaturated
heterocyclic ring having 3 to 12 ring atoms, wherein 1 ring atom 1s N and wherein O, 1, 2, or 3

further ring atoms are selected from N, S and O;

wherein each Cie-alkyl, Cs.jo-cycloalkyl, Cs.o-aryl, 5- to 10 membered
heterocyclyl, and 5- to 10 membered heteroaryl or the heterocyclic ring formed by
R® and R’ together with the N atom to which they are attached is optionally
substituted with one or more substituent(s) independently selected from the group

consisting of

Cie-alkyl, Cie-alkoxy, halogen, cyano, hydroxy, NR* R”, C(=0)-OR™"
and C(=O)NR!!' R!* ;

R'" R''and R'* are independently selected from hydrogen and Cj¢-alkyl,
R®, R”, R R and R!* are independently selected from hydrogen and Ci.6-alkyl,
R® R’ ,R!Y R!" and R!? are independently selected from hydrogen and Cs-alkyl.

In one embodiment of the invention and/or embodiments thereof,
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R’ is independently selected from the group consisting of

hydrogen, Cis-alkyl, Cs-¢-alkenyl, 4- to 10 membered heterocyclyl, Cis-alkoxy, hydroxy,
NR°R’, C(=O)OR', SR'", SOR", SO,R" and C(=0)NR''R"*,

wherein each Cis-alkyl, C;-s-alkenyl, 4- to 10 membered heterocyclyl or Ci.6-
alkoxy 1s optionally substituted with one or more substituent(s) independently

selected from the group consisting of

Cis-alkyl, 5- to 10 membered heterocyclyl, Ci¢-alkoxy, halogen, cyano,
hydroxy, oxo, NR®* R’ , C(=0)OR!’ and C(=O)NR!' R!?

R® and R” are independently selected from the group consisting of
hydrogen, Ci-alkyl, Cs.10-cycloalkyl, Ce.10-aryl, and 5- to 10 membered heteroaryl, or

R® and R” together with the N atom to which they are attached form a saturated or unsaturated
heterocyclic ring having 3 to 12 ring atoms, wherein 1 ring atom 1s N and wherein O, 1, 2, or 3

further ring atoms are selected from N, S and O;

wherein the Ci¢-alkyl, Cs.io-cycloalkyl, Ce¢.10-aryl, and 5- to 10 membered
heteroaryl or the heterocyclic ring formed by R® and R” together with the N atom to
which they are attached 1s optionally substituted with one or more substituent(s)

independently selected from the group consisting of
Cis-alkyl, Ci6-alkoxy, hydroxy and NR® R’ |
R' R''and R'* are independently selected from hydrogen or Ci.¢-alkyl,
R®, R”,R!Y R! and R'? are independently selected from hydrogen or Ci.6-alkyl.
R® are R’ are independently selected from hydrogen or Cj.¢-alkyl.

In one embodiment of the invention and/or embodiments thereof, R’ is independently selected

from the group consisting of
hydrogen, C1.¢-alkyl, C;-¢-alkenyl, 4- to 10 membered heterocyclyl, Cis-alkoxy, NR*°R”,

wherein each Cis-alkyl, C;-s-alkenyl, 4- to 10 membered heterocyclyl or Ci.6-
alkoxy 1s optionally substituted with one or more substituent(s) independently

selected from the group consisting of

Ci6-alkyl, Ci6-alkoxy, and halogen,
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R® and R” are independently selected from the group consisting of
hydrogen, Ci.s-alkyl, Css-cycloalkyl,

wherein the Ci.s-alkyl, or Cs.s-cycloalkyl 1s optionally substituted with one or more

substituent(s) independently selected from the group consisting of
C1-6-alky1j C1-6-alkoxy,_, and hydr OXY.

In one embodiment of the invention and/or embodiments thereof, R’ is independently selected

from the group consisting of

methyl, ethyl, 1sopropyl, 1sopropenyl, methoxy, ethoxy, 1sopropoxy, hydroxy, methyl
sulfoxyl, methyl sulfonyl, methylthio, amino, methylamino, ethylamino, 1sopropylamino,
dimethylamino, 1sopropylmethylamino, hydroxyethylamino, 2-hydroxyethylmethylamino
methoxyethylamino, cyclopropylamino, morpholin-4-yl, 4-methylpiperazin-1-yl, 3-
hydroxy-pyrrolidin-1-yl,  3-fluoroazetidin-1-yl,  3,3-difluoroazetidin-1-yl, 4-oxo-1-
piperidyl, azetidin-1-yl, tetrahydro-2H-pyran-4-yl, piperidin-1-yl, and 4,4-
difluoropiperidin-1yl.

In one embodiment of the invention and/or embodiments thereof,

R" and R'* together with the atoms to which they are attached form a 5 or 6- carbon atoms
containing saturated ring, wherein the saturated ring 1s optionally substituted with one or more C;.

s-alkyl or =0, and/or wherein one or more of the ring-forming carbon atoms are optionally replaced

by -NH-, -O-, -S(O)-, -S(O),- or -S-, or

R" and R'* together with the atoms to which they are attached form a 5 or 6- carbon atoms
containing unsaturated ring, wherein the unsaturated ring 1s optionally substituted with one or more

Ci3-alkyl, and/or wherein one or more of the ring-forming carbon atoms are optionally replaced

by -NH-, -N=, =N-, -O- or -S-,

Al is N or CR", wherein R" is independently hydrogen, halogen C;-; alkyl, C;-3 alkoxy or
NR!P" R wherein R! and R are independently C;.s-alkyl,

A2 is N or CR'®, wherein R'° is independently hydrogen, halogen, Ci-3 alkyl, Ci-3 alkoxy or
NR!® R wherein R'® and R'® are independently C;.;3-alkyl,

A3 is N or CR", wherein R'’ is independently hydrogen, halogen, Ci-; alkyl, Ci-; alkoxy or
NR!P"R!"> | wherein R!> and R are independently C;.s-alkyl,
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A4 is N or CR'®,
NRP R? | wherein R and R!® are independently C;.3-alkyl.

wherein R'® is independently hydrogen, halogen, Ci-3 alkyl, Ci-; alkoxy or

In one embodiment of the invention and/or embodiments thereof,

R and R' together with the atoms to which they are attached form a 5 or 6- carbon atoms

containing saturated ring, wherein one or more of the ring-forming carbon atoms are optionally

replaced by -NH-, -O- or -S-, or

R'’ and R'* together with the atoms to which they are attached form a 5 or 6- carbon atoms

containing unsaturated ring, wherein one or more of the ring-forming carbon atoms are optionally

replaced by -NH-, -N=, =N-, -O- or -S-,

A1 is CR? wherein R is independently hydrogen, halogen Ci-3 alkyl, Ci-3 alkoxy or NR>R? |
wherein R'> and R are independently C).3-alkyl,

A2 is CR'® wherein R!® is independently hydrogen, halogen, Ci-; alkyl, C1-3 alkoxy or NRI°R!®
wherein R!'® and R'®  are independently C,.3-alkyl,

A3 is CR'/, wherein R'’ is hydrogen,
A4 is CR'®, wherein R'® is hydrogen.

In one embodiment of the invention and/or embodiments thereof, none, one or two of residues Al,

A2, A3 and A4is N,

In one embodiment of the invention and/or embodiments thereof, R'” is independently selected

from the group consisting of
Cs-10-aryl and 5- to 10- membered heteroaryl,

wherein each Cs.10-aryl or 5- to 10- membered heteroaryl 1s optionally substituted

with one or more substituent(s) independently selected from the group consisting

of

Cis-alkyl, Cs.10-cycloalkyl, 5- to 10- membered heterocyclyl, Ce-10-aryl, 5-
to 10- membered heteroaryl, Ci.s-alkoxy, halogen, cyano, nitro, hydroxy,

NR*'R*!| C(=0)OR?** and C(=O)NR*’R**,
R*’ and R*! are independently selected from the group consisting of

hydrogen, Cis-alkyl, Cs.10-cycloalkyl and Ce.10-aryl or

13



10

15

20

25

WO 2022/122988 PCT/EP2021/085125

R* and R*' together with the N atom to which they are attached form a saturated or unsaturated

heterocyclic ring having 3 to 12 ring atoms, wherein O, 1, 2, or 3 further ring atoms are selected

from N, S and O;

wherein each Cis-alkyl, Cis-alkoxy, Cs.io-cycloalkyl or Cs.10-aryl or the
heterocyclic ring formed by R and R*' together with the N atom to which they are
attached 1s optionally substituted with one or more substituents independently

selected from the group consisting of

Cis-alkyl, Cs.10-cycloalkyl, 5- to 10- membered heterocyclyl, Ce-10-aryl, 5-
to 10- membered heteroaryl, Cis-alkoxy, halogen, cyano, hydroxy,
NR*’R?*! | C(=0)OR** and C(=O)NR?** R**

R**, R* and R** are independently selected from hydrogen and C¢-alkyl,
R?" R?!' R*? R?*and R?* are independently selected from hydrogen and Ci.-alkyl.

In one embodiment of the invention and/or embodiments thereof, R'” is independently selected

from the group consisting of
Cs-10-aryl and 5- to 10- membered heteroaryl

wherein each Ce-10-aryl or 5- to 10- membered heteroaryl 1s optionally substituted

with one or more substituent(s) independently selected from the group consisting

of
Cis-alkyl, Cis-alkoxy, halogen, cyano, nitro and hydroxy,

wherein each Cig-alkyl, Cis-alkoxy, 1s optionally substituted with one or
more substituents independently selected from the group consisting of
halogen, cyano, hydroxy preferably each Cis-alkyl, Ci.¢-alkoxy, 1s

optionally substituted with one or more halogen.
In one embodiment of the invention and/or embodiments thereof, R'” is Cs.10-aryl,

wherein the Ce-10-aryl 1s optionally substituted with one or more substituent(s) independently

selected from the group consisting of

Ci-s-alkyl, halogen, cyano and nitro, wherein each Cis-alkyl, 1s optionally substituted

with one or more halogen.

In one embodiment of the invention and/or embodiments thereof, R'” is Cs.10-aryl,

14



10

15

20

WO 2022/122988 PCT/EP2021/085125

wherein the Cs-10-aryl 1s phenyl substituted with one, two or three substituents independently

selected from the group consisting of
fluonide, chloride bromide, trifluoromethoxy and trifluoromethyl.
In one embodiment of the invention and/or embodiments thereof, R*> is hydrogen.

In one embodiment of the invention and/or embodiments thereof the compound according to

Formula (I) 1s present in form of the (5)-enantiomer.

Further, the present invention provides a process for preparing the compound according to Formula

(I) comprising the step of

reacting a compound of Formula (A)

R
R :
Formula (A)

with a compound of Formula (B)

Formula (B)

wherein R', R’ R"”, R" A1, A2, A3, A4, R"”and R*° are defined as in any one of the embodiments

as described herein,
to obtain the compound according to Formula (I).
Further, the present invention provides a veterinary composition comprising

- compound according to Formula (I) as defined as in any one of the embodiments as

described herein, and
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-one or more physiologically acceptable excipient(s).

In one embodiment of the invention and/or embodiments thereof, the one or more physiologically
acceptable excipient(s) are selected from carriers, fillers, flavours, binders, antioxidants, bufters,
sugar components, lubricants, surfactants, stabilizers, flow agents, disintegration agents and

preservatives and mixtures thereof.

Further, the present invention provides compounds according to Formula (I) as defined as in any
one of the embodiments as described herein or the veterinary composition according to the

invention for use as a medicament.

Further, the present invention provides compounds according to Formula (I) or the veterinary
composition according to the invention for use 1n the treatment of disorders/diseases caused by

helminths.

In one embodiment of the invention and/or embodiments thereof, the disease 1s the heartworm

disease.

In one embodiment of the invention and/or embodiments thereof, the helminths are Dirofilaria

Immitis.
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Detailed description

It was found that compounds according to Formula (I) or a stereoisomer, physiologically
acceptable salt, ester, solvate, polymorph, prodrug and mixtures thereof are usetful 1n the treatment
of helminthiasis such as disorders/diseases caused by helminths such as Ascaridia gall,
Haemonchus contortus, Oesophagostomum dentatum and by Dirofilaria immitis. In particular, the
compounds according to the invention and/or any embodiments thereof are useful in the treatment
of the heartworm disease. Optionally, the compounds according to the invention and/or any
embodiments thereof are useful 1n the treatment of the disorders/diseases caused by nematodes, 1n
particular Dirofilaria immitis, wherein the disorder/disease caused by Dirofilaria immitis 1s the

heartworm disease.

Advantageously the compounds according to the invention and/or any embodiments thereof are
effective against helminth such as Dirofilaria immitis, but not effective against bacteria that are
especially relevant in the mammal’s, in particular the dog’s, health, such as Acinetobacter

baumannii or Staphylococcus spp. or Streptococcius spp.

The inventors found that the compounds of the invention meet such needs and are therefore very
useful 1n the treatment (and prevention) of diseases caused by helminths such as the heartworm

disease.
The following abbreviations and definitions are used throughout this application:

Generally, reference to a certain element 1s meant to include all 1sotopes of that element. For
example, 1f a group 1s defined to include hydrogen or a residue 1s hydrogen, it also includes

deuterium and tritium.

The term "Cie-alkyl" refers to alkyl groups having 1 to 6 carbon atoms that do not contain
heteroatoms. Thus, the term includes straight chain alkyl groups such as methyl, ethyl, propyl,
butyl, pentyl and hexyl. The term also includes branched chain 1somers of straight chain alkyl
groups, 1ncluding but not limited to, the following that are provided by way of
example: -CH(CHj3),, -CH(CH3)(CH>CH3), -CH(CH2CH3),, -C(CH3)3, -CH2CH(CH3)2, -CH2CH(
CH>CH5),, -CH,C(CH3)s, -CH(CH3)CH(CH3)(CH>CH3), -CH,CH,CH(CH3),, -CH>,CH>CH(CHz5
)(CH,CH3), -CH,CH2C(CHs3)s and others. Thus, the term “Cis-alkyl’ includes primary alkyl
agroups having 1 to 6 carbon atoms, secondary alkyl groups having 3 to 6 carbon atoms and tertiary

alkyl groups having 4 to 6 carbon atoms.

Correspondingly, the term "C;.3-alkyl" refers to alkyl groups having 1 to 3 carbon atoms that do

not contain heteroatoms. Thus, the term includes straight chain alkyl groups such as methyl, ethyl,
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and propyl. The term also includes branched chain 1somers of straight chain alkyl groups, namely
CH(CH3). Thus, the term “C;3-alkyl’ includes primary alkyl groups having 1 to 3 carbon atoms,

and a secondary alkyl groups having 3 carbon atoms.

The term "C,¢-alkenyl" refers to straight and branched chain alkenyl groups such as those
described with respect to the “Cs.s-alkyl” defined above, except that at least one double bond exists
between two  carbon  atoms. Examples include, but are not limited
to -CH=CH;, -C(CHj3)=CH,, -CH=CH(CH3), -CH=C(CH3),, -CH=CH(CH3), -C(CH3)=CH(CH3),
-C(CH,CH3)H=CH,, -CH,=CH(CH»CH3), -CH,CH,-CH=CH,, CH,CH»-C(CH3)=CH,, CH2CH;-
CH=C(CHs)H, -CH=CH-(CH;).CH3;, -CH=C(CH3)-CH,CHs, -(CH:);-CH=CH,, -(CH))s-
CH=CH,, -(CH>),-CH=C(CH3),, butadienyl, pentadienyl, and hexadienyl among others.

The term "C,.¢-alkynyl" refers to straight and branched chain alkynyl groups such as those
described with respect to the “C,.¢-alkyl” defined above, except that at least one triple bond exists
between two carbon atoms. Examples include, but are not limited to, - to-C=CH, -C=CCHs3;, -C=C-
CH,CHs;, -CH,-C=CH, -CH(CH3)-C=CH, -C(CHj3),-C=CH, -CH,-C=CCHs3;, -CH(CH3)-C=CCHzs,
-C(CH3),-C=CCH3, -CH,-C=C-CH;CHj5, -CH(CH3)-C=C-CH,CHzs, -C(CHj3)2-C=C-
CH,CH3;, -(CH»),- C=C-CH,CH3, -(CH3)3- C=C-CH3 among others.

The term “Cs.10-cycloalkyl" refers to non-aromatic monocyclic alkyl groups having 3 to 10 carbon
atoms or non-aromatic polycyclic alkyl groups having 3 to 10 carbons atoms, wherein said groups
consist solely of carbon and hydrogen atoms. Cycloalkyl may include fused or bridged ring
systems having 3 to 10 carbon atoms. Non-aromatic monocyclic alkyl groups having 3 to 10
carbon atoms include, but are not limited to, cyclopropyl, cyclobutyl, cyclopentyl, cyclohexyl,
cycloheptyl, cyclooctyl and the like. Non-aromatic polycyclic alkyl groups having 3 to 10 carbon
atoms 1nclude, but are not limited to, adamantine, norbornane, decalinyl, 7 ,7-dimethyl-

bicyclo[2.2.1]heptanyl and the like.

The term "5 to 10-membered heterocyclyl” refers to cyclic groups wherein 5 to 10 members
(atoms) form the skeleton, wherein the skeleton of said cyclic compounds comprises at least one
carbon atom and at least one heteroatom. Examples of heteroatoms include, but are not limited to,
N, O and S. Unless specifically stated otherwise in the specification, the “5 to 10-membered
heterocyclyl” may be a monocyclic, bicyclic or polycyclic group which may include fused or
bridged ring systems, wherein a part of the fused ring system may be aromatic; the nitrogen, carbon
or sulphur atoms 1n the “5 to 10-membered heterocyclyl” may be optionally oxidized; the nitrogen
atom may be optionally quaternized, and the heterocyclyl residue radical may be partially

saturated.
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Examples of heterocyclyl groups include, but are not limited, to pyrrolinyl, 3H-pyrazolyl, 4H-
pyrazolyl dihydropyridyl, pyrrolidinyl, imidazolidinyl, piperidinyl, piperazinyl, homopiperazinyl,
indolinyl, quinuclidinyl, morpholinyl, thiomorpholinyl thiazolodinyl, dihydrodithiinyl,
dihydrodithionyl, tetrahydrothiophene, tetrahydrothiopyran, benzothiazinyl such as 2H-1,4-
benzothiazinyl, dihydrobenzothiazinyl such a 2H-3,4-dihydrobenzothiazinyl, benzodioxolyl such
as 1, 3-benzodioxoyl, dihydrooxathiinyl, 1,4-oxathianyl. Further examples of heterocyclyl groups
include, but are not limited to, those described above 1n which one or more S atoms 1n the ring 1s
double-bonded to one or two oxygen atoms (sulfoxides and sulfones) such as tetrahydrothiophene,
tetrahydrothiophene oxide and tetrahydrothiophene-1,1-dioxid as well as thiomorpholine,

thiomorpholine oxide and thiomorpholine -1,1 dioxide.

The term "Ce-10 aryl" refers to a group with an aromatic skeletal structure, wherein the ring
atoms of the aromatic skeletal structure are carbon atoms. In other words, the"Ce.10 aryl"

does not contain heteroatoms such as N, S, O 1n the aromatic skeletal structure.
Examples for aryl groups include, but are not limited, to phenyl, biphenyl and naphthyl.

The term "5 to 10-membered heteroaryl" refers to an aromatic group wherein 5 to 10 members
(atoms) form the skeleton, wherein the skeleton of said cyclic compound comprises at least one
carbon atom and at least one heteroatom. Examples of heteroatoms include, but are not limited to,
N, O and S. Unless specifically stated otherwise in the specification, the “5 to 10-membered
heterocyclyl” may be a monocyclic or bicyclic or polycyclic group, which may include fused ring

systems.

Examples of 5 to 10-membered heteroaryl groups include, but are not limited to, pyrrolyl,
imidazolyl, pyrazolyl, pyrdyl, pyrimidyl, pyrazinyl, pyridazinyl, triazolyl such as 1H-1,2,3-
triazolyl, 2H-1,2 3-tnnazolyl,1H-1,2 4-triazolyl and 4H-1,2 4-triazlyl, tetrazolyl such as
1H-tetrazolyl, 2H tetrazolyl and S5H-tetrazoyl, indolyl, 1soindolyl, indolinyl, indolizinyl,
benzimidazolyl, quinolyl, 1soquinolyl, indazolyl, naphthyridinyl, benzotriazolyl, oxazolyl,
1soxazolyl, oxadiazolyl such as 1,2,4-oxadiazolyl, 1,3,4-oxadiazolyl, 1,2,5-oxadiazolyl,
benzoxazolyl, benzoxadiazolyl, benzoxazinyl such as 2H-1,4-benzoxazinyl thiazolyl, 1sothiazolyl,
thiadiazolyl such 1,2 3-thiadiazolyl, 1,2,4-thiadiazolyl, 1,3,4-thiadiazolyl, 1,2, 5-thiadiazolyl,
thienyl, benzothiazolyl, benzothiadiazolyl, benzothiazinyl, benzofuranyl, quinolinyl,
1soquinolin, cinnolinyl, quinaxolinyl quinoxalinyl, triazinyl, tetrazinyl, purinyl, pteridinyl,

furyl, benzodioxolyl such as 1, 3-benzodioxoyl, benzothienyl, benzodithiinyl and benzoxathiinyl.
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The term "Ci6-alkoxy" refers to a group which based on an alkyl group having 1 to 6 carbon atoms
bound to an oxygen. The alkyl group having 1 to 6 carbon atoms refers to straight and branched

chains such as those described with respect to the “C;6-alkyl” defined above.

Correspondingly, the term "C,.3-alkoxy" refers to a group which 1s based on an alkyl group having
1 to 3 carbon atoms bound to an oxygen. The alkyl group having 1 to 3 carbon atoms refers to

straight and branched chains such as those described with respect to the “C;.3-alkyl” defined above.

The term "C;.¢-alkylmercapto” refers to a group which 1s based on an alkyl group having 1 to 6
carbon atoms bound to a sulfur The alkyl group having 1 to 6 carbon atoms refers to straight and

branched chains such as those described with respect to the “Cis-alkyl” defined above.

"Optionally substituted" refers to the optional replacement of one or more hydrogen(s) of the group

to be substituted with one or more of the defined substituent(s).

Further amines, hydroxyl and mercapto groups may be protected. The term “protected” with regard
to these groups refers to forms of these functionalities with a protecting group to prevent said
groups from undesirable reaction. Such protecting groups are known to those skilled 1n the art for
example from Protective Groups in Organic Synthesis; Wuts, P. G. M. John Wiley & Sons, New
York, NY, (53" Edition, 2014). The protecting groups can be added or removed using the

procedures set forth therein.

Examples of protected hydroxyl groups include, but are not limited to, silyl ethers such as those
obtained by reaction of a hydroxyl group with a reagent such as, but not limited to, t-butyldimethy!l-
chlorosilane, trimethylchlorosilane, triisopropylchlorosilane, triethylchlorosilane; substituted
methyl and ethyl ethers such as, but not limited to, methoxymethyl ether, methythiomethyl ether,
benzyloxymethyl ether, t-butoxymethyl ether, 2-methoxyethoxymethyl ether, tetrahydropyranyl
ethers, 1-ethoxyethyl ether, allyl ether, benzyl ether; esters such as, but not limited to,

benzoylformate, formate, acetate, trichloroacetate and trifluoracetate.

Examples of protected amine groups include, but are not limited to, amides such as formamide,
acetamide, trifluoroacetamide and benzamide; imides, such as phthalimide and dithiosuccinimide;

carbamate such as tert-butyloxycarbonyl (Boc) and others.

Examples of protected mercapto groups include, but are not limited to, thioether such as S-benzyl
thioether, and S-4-picolyl thioether; substituted S-methyl derivatives such as hemithio, dithio and

aminothio acetals and others.
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Stereoisomers include compounds which are made of the same atoms connected in the same
sequence, but the atoms are positioned differently 1n space. Stereoisomers 1nclude

diastereoisomers and enantiomers.

A "physiologically acceptable salt" it referred to as salt with an inorganic base, organic base,

tnorganic acid, organic acid or basic or acidic amino acid.

Examples of suitable inorganic acids for making (physiologically acceptable) salts include, but are
not limited to, hydrochloric, hydrobromic, hydroiodic, nitric, carbonic, sulfuric and phosphoric

acid.

Examples of suitable organic acids for making (pharmaceutically acceptable) salts include, but are
not limited to, cholic acid, sorbic acid, lauric acid, acetic acid, trifluoroacetic acid, formic acid,
propionic acid, succinic acid, glycolic acid, gluconic acid, digluconic acid, lactic acid, malic acid,
tartaric acid, citric acid, ascorbic acid, glucuronic acid, maleic acid, fumaric acid, pyruvic acid,
aspartic acid, glutamic acid, benzoic acid, anthranilic acid, mesylic acid, stearic acid, salicylic acid,
p-hydroxybenzoic acid, phenylacetic acid, mandelic acid, embonic acid, ethanesulfonic acid,
benzenesulfonic acid, toluene sulfonic acid, pantothenic acid, 2-hydroxyethanesulfonic acid,
sulfanilic acid, cyclohexylaminosulfonic acid, B-hydroxybutyric acid, galactaric acid, galacturonic
acid, adipic acid, alginic acid, butyric acid, camphoric acid, camphorsulfonic acid,
cyclopentanepropionic acid, dodecylsulficacid, glycoheptanoic acid, glycerophosphic acid,
heptanoic acid, hexanoic acid, nicotinic acid, 2-naphthalesulfonic acid, oxalic acid, palmoic acid,
pectinic acid, 3-phenylpropionic acid, picric acid, pivalic acid, thiocyanic acid, tosylic acid,

undecanoic acid and acidic amino acids such as aspartic acid and glutamic acid.
Examples of base addition salts may include, for example, metallic salts and organic salts.

Metallic salts include, but are not limited to, alkali metal (group Ia) salts, alkaline earth metal
(group IIa) salts and other physiologically acceptable metal salts. Examples of such salts may be
made from aluminium, calcium, lithium, magnesium, potassium, sodium, and zinc. For example,

a free acid compound may be mixed with sodium hydroxide to form such a base addition salt.

Organic salts may be made from amines, such as trimethylamine, diethylamine, N ,N'-dibenzyl-
ethylenediamine, chloroprocaine, ethanolamine, diethanolamine, ethylenediamine, N-methyl-

glucamine, procaine and basic amino acids such as arginine, lysine and ornithine.

As used herein, the term "pharmaceutically acceptable ester" refers to esters that hydrolyze in vivo
and include those that break down readily in the human body to leave the parent compound or a

salt thereof. Suitable ester groups include, for example, those derived from pharmaceutically
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acceptable aliphatic carboxylic acids, particularly alkanoic, alkenoic, cycloalkanoic and
alkanedioic acids in which each alkyl or alkenyl moiety advantageously has not more than 6 carbon
atoms. Representative examples of particular esters include, but are not limited to, formates,

acetates, propionates, butyrates, acrylates and ethylsuccinates.

A solvate of a compound can be regarded as a compound 1n which an organic solvent or
water adheres to said compound. Organic solvents refer to the ones which are known by the
skilled person. In case that water 1s adhered to the compound the corresponding compound

1s known as a hydrate.

The term “polymorph™ as used herein and as generally understood by the skilled person refers to
different crystalline forms of the same molecular entity. Therefore, due to their different chemical
compositions, solvates and hydrates as discussed above are not included in the definition of

polymorphism but are rather designated “pseudopolymorphs” instead.

The term "prodrug" refers to compounds that are rapidly transtormed iz vivo to yield the parent
compound of the above Formula ((I), for example by hydrolysis in blood. A thorough discussion
1s provided 1n T. Higuchi and V. Stella, Pro-drugs as Novel Delivery Systems, Vol. 14 of the A.
C. S. Symposium Series, and 1n Edward B. Roche, Bioreversible Carriers in Drug Design,

American Pharmaceutical Association and Pergamon Press, 1987.

The term "pharmaceutically acceptable prodrugs" as used herein refers to those prodrugs of the
compounds of the present invention that are, within the scope of sound medical judgment, suitable
for use 1n contact with the tissues of humans and lower animals without undue toxicity, irritation,
allergic response and the like, commensurate with a reasonable benefit/risk ratio and effective for
their intended use, as well as the zwitterionic forms, where possible, of the compounds of the

invention.

The 1nvention provides a compound according to the invention and/or embodiments thereof,

wherein R! is defined as below.

In an embodiment of the invention and/or embodiments thereof, R' is independently selected from

the group consisting of

hydrogen, Ci-alkyl, Ci-alkoxy, halogen, cyano, nitro, hydroxy, NR*R’, C(=0)OR" and
C(=0)NR’RS,

wherein each Cis-alkyl or Cie-alkoxy 1s optionally substituted with one or more

substituents independently selected from the group consisting of
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Ci6-alkyl, Ci6-alkoxy, halogen, cyano, nitro, hydroxy and NR? R’
R*and R’ are independently selected from the group consisting of
hydrogen, Cis-alkyl, Cs.10-cycloalkyl, Ce.10-aryl and 5 to 10-membered heteroaryl, or

R* and R’ together with the N atom to which they are attached form a saturated or unsaturated
heterocyclic ring having 3 to 12 ring atoms, wherein 1 ring atom 1s N and wherein 0, 1, 2 or 3

further ring atoms are selected from N, S and O;

wherein each Ci.s-alkyl, Cs.10-cycloalkyl, Cs.10-aryl or 5 to 10-membered heteroaryl or
the heterocyclic ring formed by R* and R’ together with the N atom to which they are

attached 1s optionally substituted with one or more substituent(s) independently selected

from the group consisting of
Cis-alkyl, Cs.10-cycloalkyl and Ci6-alkoxy,

R* R’and R® are independently selected from hydrogen and Ci.-alkyl, preferably from hydrogen
and C1-3-alkylj

R? and R’ are independently selected from hydrogen and Cis-alkyl, preferably from hydrogen
and C1-3-alkyl.

Optionally, in an embodiment of the invention and/or embodiments thereof, R' is independently

selected from the group consisting of
hydrogen, Ci-alkyl, Ci1¢-alkoxy, halogen, cyano, nitro and C(=O)NR’R®,

wherein each Ci-s-alkyl or Ci-s-alkoxy 1s optionally substituted with one or more

substituents independently selected from the group consisting of
C1-s-alkyl, C1-s-alkoxy, halogen, cyano, nitro, hydroxy and NR*’R”’,
R> and R® are independently selected from hydrogen and Ci-3-alkyl,
R*’and R”’ are independently selected from hydrogen and C;-3-alkyl.

Optionally, in an embodiment of the invention and/or embodiments thereof, R' is independently

selected from the group consisting of
hydrogen, Ci-s-alkyl, Cis-alkoxy and halogen,

wherein Ci-¢-alkyl and Ci-¢-alkoxy 1s optionally substituted with one or more

substituent(s) independently selected from the group consisting of
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Ci-¢-alkyl, Ci-¢-alkoxy, halogen, cyano, hydroxy and NR*”’R”’,

wherein R*” and R’’ are independently selected from hydrogen and Ci-3-alkyl, more preferably

from hydrogen and methyl.

In one embodiment of the invention and/or embodiments thereof, R' is independently selected

from the group consisting of

hydrogen, methyl, trifluoromethyl, ethyl, methoxy, ethoxy, fluoride and chloride, 1n
particular hydrogen and methyl.

In an embodiment of the invention and/or embodiments thereof, the compounds are according to

Formula (Ia1), (Ia11), (Iai1) or (Iaiv)

Formula (Iai1)

R7

Formula (Ia111)
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Formula (Iaiv)
or a stereoisomer, physiologically acceptable salt, ester, solvate, polymorph, prodrug and mixtures

thereof, wherein R’, R, R Al, A2, A3, A4, R"” and R* are defined as in any of the

embodiments described herein.

In an embodiment of the invention and/or embodiments thereof, the compounds are according to
Formula (Ia1), preferably in form of the ($)-enantiomer. In an embodiment of the invention and/or
embodiments thereof, the compounds are according to Formula (Iai1), preferably in form of the
(S)-enantiomer. In an embodiment of the invention and/or embodiments thereof, the compounds
are according to Formula (Iai), preferably 1in form of the (5)-enantiomer. In an embodiment of
the invention and/or embodiments thereof, the compounds are according to Formula (Iaiv),

preferably in form of the (§)-enantiomer.

The 1nvention provides a compound according to the invention and/or embodiments thereof,

wherein R’ is defined as below.

In an embodiment of the invention and/or embodiments thereof, R’ is independently selected from

the group consisting of

hydrogen, Cie-alkyl, Cs-s-alkenyl, Cs.10-cycloalkyl, 4 to 10-membered heterocyclyl, Cie-
alkoxy, halogen, cyano, hydroxy, NR°R’, C(=0)OR!, SR', SOR', SO,R'" and
C(=0)NR''R",

wherein each Cig-alkyl, Cs-s-alkenyl, Cs.10-cycloalkyl, 4 to 10-membered heterocyclyl
or Cis-alkoxy 1s optionally substituted with one or more substituent(s) independently

selected from the group consisting of

Cis-alkyl, Cs.10-cycloalkyl, 5 to 10-membered heterocyclyl, Ci.¢-alkoxy, halogen,
cyano, hydroxy, oxo, NR®*R” | C(=0)OR" and C(=O)NR'' R'*

R® and R’ are independently selected from the group consisting of

25



10

15

20

25

WO 2022/122988 PCT/EP2021/085125

hydrogen, Cie-alkyl, Cs.10-cycloalkyl, Ce.10-aryl, 5 to 10-membered heterocyclyl and 5 to

10-membered heteroaryl, or

R® and R’ together with the N atom to which they are attached form a saturated or unsaturated
heterocyclic ring having 3 to 12 ring atoms, wherein 1 ring atom 1s N and wherein O, 1, 2, or 3

further ring atoms are selected from N, S and O;

wherein the Ci.¢-alkyl, Cs.10-cycloalkyl, Ces.10-aryl, 5 to 10-membered heterocyclyl or 5
to 10-membered heteroaryl or the heterocyclic ring formed by R® and R” together with the
N atom to which they are attached 1s optionally substituted with one or more substituent(s)

independently selected from the group consisting of

Cis-alkyl, Cis-alkoxy, halogen, cyano, hydroxy, NR® R’ | C(=0)OR!" and
C(=O)NR!! R!*":

R'" R''and R'* are independently selected from hydrogen and C¢-alkyl,
R® R’,R!Y R! and R'? are independently selected from hydrogen and Ci¢-alkyl,
R® R’ ,R!Y R! and R!? areindependently selected from hydrogen and Cs-alkyl.

In an embodiment of the invention and/or embodiments thereof, wherein R’ is independently

selected from the group consisting of

hydrogen, Cis-alkyl, Cs-s-alkenyl, 4 to 10-membered heterocyclyl, Ci.s-alkoxy, hydroxy,
NR°R’, C(=0)OR', SRY SOR', SO,R" and C(=0)NR''R'*,

wherein each C;-alkyl, Cs-s-alkenyl, 4- to 10-membered heterocyclyl or Ci.s-alkoxy 1s
optionally substituted with one or more substituent(s) independently selected from the

group consisting of

Cis-alkyl, 5 to 10-membered heterocyclyl, Cis-alkoxy, halogen, cyano, hydroxy,
oxo, NR®*R”, C(=0)OR! and C(=O)NR!!' R!?

R® and R” are independently selected from the group consisting of
hydrogen, Ci¢-alkyl, Cs.10-cycloalkyl, Ce.10-aryl and 5 to 10-membered heteroaryl, or

R® and R’ together with the N atom to which they are attached form a saturated or unsaturated
heterocyclic ring having 3 to 12 ring atoms, wherein 1 ring atom 1s N and wherein O, 1, 2, or 3

further ring atoms are selected from N, S and O;
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wherein the Ci¢-alkyl, Cs.10-cycloalkyl, Ces.10-aryl or 5 to 10-membered heteroaryl or the
heterocyclic ring formed by R® and R” together with the N atom to which they are attached
1S optionally substituted with one or more substituent(s) independently selected from the

agroup consisting of
C1-6-alkyl, C1-6-a1koxy, hydroxy and N_RBHRQH;

R' R''and R'* are independently selected from hydrogen or Ci-alkyl, preferably from hydrogen
or Ci3-alkyl,

R® R7,R!" R'" and R'* are independently selected from hydrogen or Ci¢-alkyl, preferably from
hydrogen or C;3-alkyl,

R® and R’ are independently selected from hydrogen or Ci.-alkyl, preferably from hydrogen or
Ci3-alkyl.

In an embodiment of the invention and/or embodiments thereof, R’ is independently selected from

the group consisting of

hydrogen, Ci¢-alkyl, Cs-¢-alkenyl, 4 to 10-membered heterocyclyl, C;-3-alkoxy, hydroxy,
NR°R’, SR', SOR'’and SO,R",

wherein each Cis-alkyl, C;-s-alkenyl, 4 to 10-membered heterocyclyl or Ci3-alkoxy 1s
optionally substituted with one or more substituent(s) independently selected from the

group consisting of

Cis-alkyl, 5 to 10-membered heterocyclyl, Cis-alkoxy, halogen, cyano, hydroxy,
oxo, NR®*R”, C(=0)OR! and C(=O)NR!' R!?

R® and R’ are independently selected from the group consisting of
hydrogen, Ci¢-alkyl, Cs6-cycloalkyl, Ce.10-aryl and 5 to 10-membered heteroaryl, or

R® and R’ together with the N atom to which they are attached form a saturated or unsaturated
heterocyclic ring having 3 to 12 ring atoms, wherein 1 ring atom 1s N and wherein O, 1, 2, or 3

further ring atoms are selected from N, S and O;

wherein the Cis-alkyl, Cse-cycloalkyl, Ces.10-aryl or 5 to 10-membered heteroaryl or the
heterocyclic ring formed by R® and R” together with the N atom to which they are attached
1S optionally substituted with one or more substituent(s) independently selected from the

agroup consisting of
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Ci6-alkyl, Ci6-alkoxy, hydroxy and NR® R’ ;

R' is independently selected from hydrogen or Ci-alkyl, preferably from hydrogen, methyl or
ethyl,

R®* R7,R!" R'" and R!* are independently selected from hydrogen or C;.s-alkyl, preferably from
hydrogen, methyl or ethyl,

R® and R’ are independently selected from hydrogen or Cis-alkyl, preferably from hydrogen,
methyl or ethyl.

In an embodiment of the invention and/or embodiments thereof, R’ is independently selected from

the group consisting of
hydrogen, Ci.¢-alkyl, C;-¢-alkenyl, 4- to 10 membered heterocyclyl, Cis-alkoxy, NR*R”,

wherein each Cis-alkyl, Cy-s-alkenyl, 4- to 10 membered heterocyclyl or Ci.6-
alkoxy 1s optionally substituted with one or more substituent(s) independently

selected from the group consisting of
Cis-alkyl, Ci6-alkoxy, and halogen,
R® and R’ are independently selected from the group consisting of
hydrogen, Ci6-alkyl, Cs.s-cycloalkyl,

wherein the Ci.s-alkyl, or Cs;.s-cycloalkyl 1s optionally substituted with one or more

substituent(s) independently selected from the group consisting of
C1-6-a1kyl, C1-6-alkoxy, and hydl‘ OXY.

In an embodiment of the invention and/or embodiments thereof, R’ is independently selected from

the group consisting of

methyl, ethyl, 1sopropyl, 1sopropenyl, methoxy, ethoxy, 1sopropoxy, hydroxy, methyl
sulfoxyl, methyl sulfonyl, methylthio, amino, methylamino, ethylamino, 1sopropylamino,
dimethylamino, 1sopropylmethylamino, hydroxyethylamino, 2-hydroxyethylmethylamino,
methoxyethylamino, cyclopropylamino, morpholin-4-yl, 4-methylpiperazin-1-yl, 3-
hydroxy-pyrrolidin-1-yl, 3-fluoroazetidin-1-yl 3,3-difluoroazetidin-1-yl, 4-oxo-1-piperidyl,

azetidin-1-yl, tetrahydro-2H-pyran-4-yl, piperidin-1-yl, and 4,4-difluoropiperidin-lyl, in

particular dimethylamino and morphilin-4-yl.
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In an embodiment of the invention and/or embodiments thereof, the compounds are according to

Formula (Ib1), (Ibi1), (Ib111), (Ib1v), (Ibv) or (Ibvi)

™~ (J

L3145

Formula (Ib1)

Formula (Ibi1)

‘\/”

;'
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Formula (Ibiv)

Formula (Ibv)

% %

Formula (Ibv1)

or a stereoisomer, physiologically acceptable salt, ester, solvate, polymorph, prodrug and mixtures
thereof, wherein R!, R’ R Al, A2 A3, A4, R" and R* are defined as in any of the

embodiments described herein.

In an embodiment of the invention and/or embodiments thereof, the compounds are according to
Formula (Ib1), preferably in form of the (5)-enantiomer. In an embodiment of the invention and/or
embodiments thereof, the compounds are according to Formula (Ibi1), preferably in form of the
(S)-enantiomer. In an embodiment of the invention and/or embodiments thereof, the compounds
are according to Formula (Ibi11), preferably in form of the (5)-enantiomer. In an embodiment of
the invention and/or embodiments thereof, the compounds are according to Formula (Ib1v),
preferably in form of the (§)-enantiomer. In an embodiment of the invention and/or embodiments
thereof, the compounds are according to Formula (Ibv), preferably 1in form of the (5)-enantiomer.
In an embodiment of the invention and/or embodiments thereof, the compounds are according to

Formula (Ibvi), preferably in form of the (§)-enantiomer.
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The invention provides a compound according to the invention and/or embodiments thereof,

wherein R and R'* as well as A1, A2. A3 and A4 are defined as below.
In an embodiment of the invention and/or embodiments thereof,

R"’ is hydrogen or C;-3 alkyl and

R'* is hydrogen, C1-; alkyl or C;-3 alkoxy,

A1l is N or CR", wherein R" is independently hydrogen, halogen, Ci-3 alkyl, Ci-; alkoxy,
NR!PR!">"  wherein R'> and R!” are independently C;_3-alkyl,

A2 is N or CR'®, wherein R'® is independently hydrogen, halogen, Ci-; alkyl, Ci-; alkoxy,
NR!R!'®  wherein R!® and R'® are independently C;.3-alkyl,

A3 is N or CR"Y, wherein R' is independently hydrogen, halogen, Ci-3 alkyl, Ci-3 alkoxy,
NR!R!'" wherein R!” and R!” are independently C;.s-alkyl,

A4 is N or CR'®,
NR!¥* R wherein R'® and R!® are independently Ci.3-alkyl.

wherein R'® is independently hydrogen, halogen Ci-; alkyl, Ci-3 alkoxy,

More suitably, in an embodiment of the invention and/or embodiments thereof,
R" is hydrogen or C;-3 alkyl and

R'* is hydrogen or C;-; alkyl

A1l is N or CR", wherein R" is independently hydrogen, C;-3 alkyl, Ci-3 alkoxy,
A2 is N or CR', wherein R'® is independently hydrogen, C;-3 alkyl, Ci-3 alkoxy,
A3 is N or CR'’, wherein R'’ is independently hydrogen, C;-; alkyl, Ci-; alkoxy,
A4 1is N or CR'®, wherein R'® is independently hydrogen, C;-; alkyl, Ci-; alkoxy,
whereln none, one or two of residues Al, A2, A3 and A4 1s N.

More suitably, in an embodiment of the invention and/or embodiments thereof,
R% is hydrogen, methyl or ethyl, preferably hydrogen or methyl and

R'* is hydrogen or methyl, preferably hydrogen

A1l is N or CR", wherein R" is independently hydrogen or C;-3 alkyl,

A2 is N or CR'®, wherein R'° is independently hydrogen or Ci-3 alkyl,
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A3 is N or CR'/, wherein R' is independently hydrogen or C;-3 alkyl,
A4 is N or CR'®?, wherein R'® is independently hydrogen or C;-3 alkyl,
wherein none, one or two of residues Al, A2, A3 and A4 1s N.

In an embodiment of the invention and/or embodiments thereof, the compounds are according to

Formula (Ic1).

Formula (Ic1)

or a stereoisomer, physiologically acceptable salt, ester, solvate, polymorph, prodrug and mixtures

thereof, wherein R', R’, R"” and R*° are defined as in any of the embodiments described herein.

In an embodiment of the invention and/or embodiments thereof, the compounds are according to

Formula (Ic1), preferably 1in form of the (§)-enantiomer.
In one embodiment of the invention and/or embodiments thereof,

R and R'* together with the atoms to which they are attached form a 5 or 6- carbon atoms
containing saturated ring, wherein the saturated ring 1s optionally substituted with one or more C;.

s-alkyl or =0, and/or wherein one or more of the ring-forming carbon atoms are optionally replaced

by -NH-, -O-, -S(O)-, -S(O),- or -S-, or

R and R'* together with the atoms to which they are attached form a 5 or 6- carbon atoms
containing unsaturated ring, wherein the unsaturated ring 1s optionally substituted with one or more

Ci3-alkyl, and/or wherein one or more of the ring-forming carbon atoms are optionally replaced

by -NH-, -N=, =N-, -O- or -S-.

Examples of the 5 or 6 carbon atoms containing saturated or unsaturated rings, wherein the 5 or 6-
carbon atoms containing saturated ring 1s optionally substituted with one or more C;.3-alkyl or =0,
and wherein one or more of the saturated ring forming carbon atoms are optionally replaced by -
NH-, -N=, N-, -O-, -S(0)-, -S(O),- or -S-,- and examples of the 5 or 6- carbon atoms containing
unsaturated or unsaturated rings, wherein the 5 or 6- carbon atoms containing saturated ring 1s

optionally substituted with one or more C;3-alkyl, and wherein one or more of the unsaturated
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ring forming carbon atoms are optionally replaced by -NH-, -N=, N-, -O-, - or -S- - include, but

are not limited to, the residues which are represented by the below structures

s M W M W ek

wherein
denotes the bond to the amide group; and

—— ——— denotes the bond with which the above ring system 1s fused with the aromatic ring

inter alia comprising Al, A2, A3 and A4.

In one embodiment of the invention and/or embodiments thereof,
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R and R'* together with the atoms to which they are attached form a 5 or 6- carbon atoms
containing saturated ring, wherein the saturated ring 1s optionally substituted with one or more C;-

s-alkyl or =0, and/or wherein one or more of the ring-forming carbon atoms are optionally replaced

by -NH-, -O-, -S(O)-, -S(O);- or -S-,

A1l is N or CR", wherein R is independently hydrogen, halogen, Ci-; alkyl, Ci-3 alkoxy, or
NR!PR!">"  wherein R'> and R!” are independently C;_3-alkyl,

A2 is N or CR'®, wherein R'° is independently hydrogen, halogen, Ci-3 alkyl, Ci-3 alkoxy, or
NR!R!'®  wherein R!® and R'® are independently C;.3-alkyl,

A3 is N or CR'/, wherein R'’ is independently hydrogen, halogen, Ci-; alkyl, Ci-3 alkoxy, or
NR!R!'" wherein R!” and R!” are independently C;.s-alkyl,

A4 is N or CR'®, wherein R'® is independently hydrogen, halogen, Ci-; alkyl, Ci-3 alkoxy, or
NR!®R!®  wherein R!®* and R!®* are independently C,.s-alkyl.

In one embodiment of the invention and/or embodiments thereof,

R and R'* together with the atoms to which they are attached form a 5 or 6- carbon atoms

containing saturated ring, wherein one or more of the ring-forming carbon atoms are optionally

replaced by -NH-, -O- or -S-,

A1 is N or CR", wherein R" is independently hydrogen, Ci-3 alkyl or C;-3 alkoxy,
A2 is N or CR', wherein R'® is independently hydrogen, C;-; alkyl or C;-3 alkoxy,
A3 is N or CR'", wherein R'’ is independently hydrogen, C;-; alkyl or C;-3 alkoxy,
A4 1is N or CR'®, wherein R'® is independently hydrogen, C;-; alkyl or C;-3 alkoxy,
wherein none, one or two of A1, A2, A3 and A4 are N.

In one embodiment of the invention and/or embodiments thereof,

R and R'* together with the atoms to which they are attached form a 5 or 6- carbon atoms

containing saturated ring, wherein one or more of the ring-forming carbon atoms are optionally

replaced by -NH- or -O-,
A1 is N or CR", wherein R" is independently hydrogen or Ci-3 alkoxy,
A2 is N or CR'®, wherein R'® is independently hydrogen or Ci-3 alkoxy,

A3 is N or CR', wherein R'’ is independently hydrogen or Ci-3 alkoxy,
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A4 is N or CR'®, wherein R'® is independently hydrogen or Ci-3 alkoxy,
wherein none, one or two of Al, A2, A3 and A4 are N.

In an embodiment of the invention and/or embodiments thereof, the compounds are according to

Formula (Icu1), (Ici1), (Iciv) or (Icv)

Formula (Iciv)

’i‘?ﬁ

Formula (Icv)
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or a stereoisomer, physiologically acceptable salt, ester, solvate, polymorph, prodrug and mixtures

thereof, wherein R', R/, R"” and R*" are defined as in any of the embodiments described herein.

In an embodiment of the invention and/or embodiments thereof, the compounds are according to
Formula (Ic11), preferably in form of the ($)-enantiomer. In an embodiment of the invention and/or
embodiments thereof, the compounds are according to Formula (Icii1), preferably in form of the
(S)-enantiomer. In an embodiment of the invention and/or embodiments thereof, the compounds
are according to Formula (Iciv), preferably in form of the (§)-enantiomer. In an embodiment of
the 1invention and/or embodiments thereof, the compounds are according to Formula (Icv),

preferably in form of the (5)-enantiomer.
In one embodiment of the invention and/or embodiments thereof,

R" and R'* together with the atoms to which they are attached form a 5 or 6- carbon atoms
containing unsaturated ring, wherein the unsaturated ring 1s optionally substituted with one or more

Ci3-alkyl, and/or wherein one or more of the ring-forming carbon atoms are optionally replaced

by -NH-, -N=, =N-, -O- or -S-,

A1l is N or CR", wherein R" is independently hydrogen, halogen, Ci-3 alkyl, Ci-3 alkoxy, or
NRP" R!" | wherein R!> and R!> are independently C;.s-alkyl,

A2 is N or CR'*, wherein R'® is independently hydrogen, halogen, Ci-; alkyl, Ci-3 alkoxy, or
NR!R!'"  wherein R'® and R'® are independently C;.3-alkyl,

A3 is N or CR'’, wherein R'’ is independently hydrogen, halogen, Ci-; alkyl, Ci-3 alkoxy, or
NR!R!'"  wherein R!” and R!” are independently C;_3-alkyl,

A4 is N or CR'®, wherein R'® is independently hydrogen, halogen, Ci-3 alkyl, Ci-3 alkoxy, or
NR!*R!® wherein R!®* and R!®* are independently C.s-alkyl.

In an embodiment of the invention and/or embodiments thereof

R'’ and R'* together with the atoms to which they are attached form a 5 or 6- carbon atoms

containing unsaturated ring, wherein one or more of the ring-forming carbon atoms are optionally

replaced by -NH-, -N=, =N-, -O- or -S-,

A1l is N or CR", wherein R" is independently hydrogen, Ci-3 alkyl or Ci-3 alkoxy,
A2 is N or CR'®, wherein R'® is independently hydrogen, Ci-3 alkyl or Ci-3 alkoxy,

A3 is N or CR', wherein R'’ is independently hydrogen, Ci-3 alkyl or C;-3 alkoxy,
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A4 is N or CR'®, wherein R'® is independently hydrogen, Ci-3 alkyl or C;-3 alkoxy,
wherein none, one or two of A1, A2, A3 and A4 are N.

R'’ and R'* together with the atoms to which they are attached form a 5 or 6- carbon atoms

containing unsaturated ring, wherein one or more of the ring-forming carbon atoms are optionally

replaced by -NH-, -N=, =N- or -S-,

A1 is N or CR", wherein R" is independently hydrogen or Ci-3 alkoxy,
A2 is N or CR'®, wherein R'°® is independently hydrogen or C;-3 alkoxy,
A3 is N or CR"Y wherein R'’ is independently hydrogen or C;-3 alkoxy,
A4 is N or CR'®, wherein R'® is independently hydrogen or Ci-3 alkoxy,
wherein none, one or two of Al, A2, A3 and A4 are N.

In an embodiment of the invention and/or embodiments thereof, the compounds are according to

Formula (Icvi), (Icvii) or (Icvii)
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Formula (Icviii)

or a stereoisomer, physiologically acceptable salt, ester, solvate, polymorph, prodrug and mixtures

thereof, wherein R', R/, R"” and R*" are defined as in any of the embodiments described herein.

In an embodiment of the invention and/or embodiments thereof, the compounds are according to
Formula (Icvi), preferably in form of the (§)-enantiomer. In an embodiment of the invention and/or
embodiments thereof, the compounds are according to Formula (Icvii), preferably in form of the
(S)-enantiomer. In an embodiment of the invention and/or embodiments thereof, the compounds

are according to Formula (Icvii), preferably in form of the ($)-enantiomer.

The invention provides a compound according to the invention and/or embodiments thereof,

wherein R is defined as below.

In one embodiment of the invention and/or embodiments thereof,

R' is independently selected from the group consisting of
Cs-10-aryl and 5 to 10-membered heteroaryl,

wherein each Ce-10-aryl or 5 to 10-membered heteroaryl 1s optionally substituted with one

or more substituent(s) independently selected from the group consisting of

Cis-alkyl, Cs.10-cycloalkyl, Ci.s-alkoxy,5 to 10-membered heterocyclyl, Ces-10-aryl,
5 to 10-membered heteroaryl, halogen, cyano, nitro, hydroxy, NR*’R*, C(=0)OR*
and C(=O)NR*’R**,

R*Y and R*! are independently selected from the group consisting of
hydrogen, Ci.s-alkyl, Cs.10-cycloalkyl and Ce.10-aryl or

R*’ and R*' together with the N atom to which they are attached form a saturated or unsaturated

heterocyclic ring having 3 to 12 ring atoms, wherein O, 1, 2, or 3 further ring atoms are selected

from N, S and O;

wherein each Ci-alkyl, Cs.10-cycloalkyl Cis-alkoxy, or Ce.10-aryl or the heterocyclic ring
formed by R* and R*! together with the N atom to which they are attached is optionally

substituted with one or more substituents independently selected from the group consisting

of

Cis-alkyl, Cs.10-cycloalkyl, Ci6-alkoxy, 5 to 10-membered heterocyclyl, Ces-10-aryl,
5 to 10-membered heteroaryl, halogen, cyano, hydroxy, NR?’ R?! C(=0)OR?** and
C(=O)NR* R**,
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R** R*? and R** are independently selected from hydrogen and C,.s-alkyl,
R?" R?!' R?** R* and R** are independently selected from hydrogen and Ci.s-alkyl.
In an embodiment of the invention and/or embodiments thereof,
R' is independently selected from the group consisting of
Cs-10-aryl and 5 to 10-membered heteroaryl,

wherein each Cs.10-aryl or 5 to 10-membered heteroaryl 1s optionally substituted with one

or more substituent(s) independently selected from the group consisting of

Cirs-alkyl, Cis-alkoxy, halogen, cyano, nitro, hydroxy, C(=0)OR*), SO,R*’
SO, NR*R** and C(=O)NR**R**, wherein each C;¢-alkyl, Ci.¢-alkoxy, is optionally
substituted with one or more substituents independently selected from the group
consisting of halogen, cyano, hydroxy, preferably each Ci¢-alkyl, Cis-alkoxy, 1s

optionally substituted with one or more halogen,
R** R and R** are independently selected from hydrogen and Cis-alkyl.
In an embodiment of the invention and/or embodiments thereof,

R" is independently selected from the group consisting of Ce.jp-aryl and 5 to 10-membered

heteroaryl,

wherein each Cs.10-aryl or 5 to 10-membered heteroaryl 1s optionally substituted with one

or more substituent(s) independently selected from the group consisting of

Cis-alkyl, Cis-alkoxy, halogen, cyano, nitro, C(=0)OR** and C(=O)NR*'R**,
wherein each Cis-alkyl, Cie-alkoxy, 1s optionally substituted with one or more
substituents independently selected from the group consisting of halogen, cyano,
hydroxy, preferably each C;.¢-alkyl, Ci.s-alkoxy, 1s optionally substituted with one or

more halogen

R** R* and R** are independently selected from hydrogen and Cis-alkyl, preferably from
hydrogen and C;.3-alkyl.

In an embodiment of the invention and/or embodiments thereof,
R" is independently selected from the group consisting of

Cs-10-aryl and 5 to 10-membered heteroaryl
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wherein each Cs.10-aryl or 5 to 10-membered heteroaryl 1s optionally substituted with one

or more substituent(s) independently selected from the group consisting of

Ci6-alkyl, Ci6-alkoxy, halogen, cyano, nitro and hydroxy, wherein each C;¢-alkyl,
Cis-alkoxy, 1s optionally substituted with one or more substituents independently
selected from the group consisting of halogen, cyano, hydroxy, preferably each C.s-alkyl,

Ci-s-alkoxy, 1s optionally substituted with one or more halogen.

In an embodiment of the invention and/or embodiments thereof, R is a 5 to 10-membered

heteroaryl

wherein the 5 to 10-membered heteroaryl 1s optionally substituted with one or more

substituent(s) independently selected from the group consisting of

Cis-alkyl, Cis-alkoxy, halogen, cyano and nitro and hydroxy, wherein each Cj.6-
alkyl, Cis-alkoxy, 1s optionally substituted with one or more substituents independently
selected from the group consisting of halogen, cyano, hydroxy, preferably each C;.s-alkyl,

Cis-alkoxy, 1s optionally substituted with one or more halogen.

In an embodiment of the invention and/or embodiments thereof, R is a 5 to 10-membered

heteroaryl

wherein the 5 to 10-membered heteroaryl 1s optionally substituted with one or more

substituent(s) independently selected from the group consisting of

Cis-alkyl optionally substituted with one or more halogen and halogen, preferably

halogen.

Examples of 5 to 10-membered heteroaryl groups include, but are not limited to, pyrrolyl,
imidazolyl, pyrazolyl, pyndin-2-yl, pyridin-3-yl, pyridin-4-yl, pyrimidin-2-yl, pyrimidin-3-yl,
pyrimidin-4-yl, pyrazinyl, pyridazinyl, triazolyl such as 1H-1,2 3-triazolyl, 2H-1,2,3-triazolyl, 1 H-
1,2,4-trtazolyl and 4H-1,2 4-triazlyl, tetrazolyl such as 1H-tetrazolyl, 2H tetrazolyl and SH-
tetrazoyl, indolyl, 1soindolyl, indolinyl, indolizinyl, benzimidazolyl, quinoline 4-yl, quinoline-8-
yl, 1soquinolyl, indazolyl, naphthyridinyl, benzotriazolyl, oxazolyl, 1soxazolyl, oxadiazolyl such
as 1,2,4-oxadiazolyl, 1,3 4-oxadiazolyl and 1,2 5-oxadiazolyl, benzoxazolyl, benzoxadiazolyl,
benzoxazinyl such as 2H-1,4-benzoxazinyl, thiazolyl, i1sothiazolyl, thiadiazolyl such 1,2,3-
thiadiazolyl, 1,2,4-thiadiazolyl, 1,3,4-thiadiazolyl and 1,2,5-thiadiazolyl, thien-2-yl, thien-3-yl
benzothiazolyl, benzothiadiazolyl, benzothiazinyl, benzofuranyl, quinolinyl, 1soquinolinyl,

cinnolinyl, quinaxolinyl, quinoxalinyl, triazinyl, tetrazinyl, purinyl, pteridinyl, furyl,
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benzodioxolyl such as 1, 3-benzodioxoyl, benzothienyl, benzodithiinyl and benzoxathiinyl.
Preferred are pyridin-2-yl, pyridin-3-yl, pyridin-4-yl, pyrimidin-2-yl, pyrimidin-3-yl, pyrimidin-
4-y1, quinoline-8-yl, thien-2-yl and thien-3-yl.

In an embodiment of the invention and/or embodiments thereof, R is a 5 to 10-membered

heteroaryl,

wherein the 5 to 10-membered heteroaryl 1s substituted with one or more substituent(s)

independently selected from the group consisting of

Ci-s-alkyl optionally substituted with one or more halogen and halogen, preferably

halogen.

In an embodiment of the invention and/or embodiments thereof, R' is selected from the group

consisting of

2,5-dichloropyridin-4-yl, 2 6-dichloropyridn-4-yl, 5-chlorothien-2-yl, 5-chlorothien-3-yl
and 2,6-difluoropyridin-yl.

In an embodiment of the invention and/or embodiments thereof, R" is selected from the group

consisting of

3,5-dichlorophenyl, 2,3-dichlorophenyl, 2,3,5-trifluorophenyl, 3-trifluoromethylphenyl, 3-
methoxyphenyl, 2 3-dimethylphenyl, 3-chlorophenyl, 3-trifluoromethoxyphenyl, 3-
dimethylaminophenyl, 3,5-difluorophenyl, 2 3-difluorophenyl, 3,4 5-trifluorophenyl, 2-
fluoro-3-chlorophenyl,  2-fluoro-3-trifluoromethylphenyl, = naphth-1-yl,  2-fluoro-3-
chlorophenyl, 3-fluoro-5-trifluoromethylphenyl, and 2,3, 5-trichlorophenyl.

In an embodiment of the invention and/or embodiments thereof, wherein R'” is Ce.10-aryl,

wherein the Ce.10 aryl 1s optionally substituted with one or more substituent(s)

independently selected from the group consisting of

Cis-alkyl, Cis-alkoxy, halogen, cyano and nitro wherein each Ci.¢-alkyl, C;%-
alkoxy, 1s optionally substituted with one or more substituents independently selected
from the group consisting of halogen, cyano, hydroxy, preterably each Ci.s-alkyl, Ci--

alkoxy, 1s optionally substituted with one or more halogen.
In an embodiment of the invention and/or embodiments thereof, wherein R'” is Ce.10-aryl,

wherein Ce.10 aryl 1s phenyl substituted with one, two or three substituents independently selected

from the group consisting of
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fluoride, chloride, bromide, methyl, methoxy, dimethylamine, trnifluoromethyl and
trifluoromethoxy include, but are not limited to, 2-fluorophenyl, 3-fluourophenyl, 4-
fluorophenyl, 2-chlorophenyl, 3-chlorophenyl, 4-chlorophenyl, 2-bromophenyl, 3-
bromophenyl, 4-bromophenyl, 2,3-difluorophenyl, 2,4-difluorophenyl, 2,5-difluorophenyl,
3,4-difluorophenyl, 3,5-difluorophenyl, 2,6-difluorophenyl, 2 ,3-dichlorophenyl, 2.4-
dichlorophenyl, 2 ,5-dichlorophenyl, 3,4-dichlorophenyl, 3,5-dichlorophenyl, 2, 3-
dibromophenyl, 2 4-dibromophenyl, 2,5-dibromophenyl, 3,4-dibromophenyl, 3,5-
dibromophenyl, 2,3 4-trifluorophenyl, 2,3 S-trifluorophenyl, 3.4 5-trifluorophenyl, 2.3.4-
trichlorophenyl, 2,3 5-trichlorophenyl, 3,4 5-trichlorophenyl, 2,3,4-tribromophenyl, 2,3,5-
tribromophenyl, 3,4 ,5-tribromophenyl, 2-chloro-3-fluorophenyl, 2-chloro-4-tfluorophenyl,
2-chloro-3-fluorophenyl, 3-chloro-2-fluorophenyl, 3-chloro-4-fluorophenyl, 3-chloro-5-
fluorophenyl, 3-chloro-6-fluorophenyl, 4-chloro-2-fluorophenyl, 4-chloro-3-fluorophenyl,
4-chloro-3-fluorophenyl, 5-chloro-2-fluorophenyl, 5-chloro-3-fluorophenyl, 3-chloro-4-
fluorophenyl, 3-bromo-2-fluorophenyl, 3-bromo-5S-fluorophenyl, 3-bromo-6-fluorophenyl,
4-bromo-2-chlorophenyl, 4-bromo-3-chlorophenyl, 3,4-dichloro-2-fluoro-phenyl, 3,5-
dichloro-2-fluorophenyl, 3,5-dichloro-4-fluorophenyl, 4,5-dichloro-3-flurorophenyl, 3.4-
dibromo-2-fluoro-phenyl, 3,5-dibromo-2-fluorophenyl, 4,5-dibromo-3-flurophenyl, 2-
chloro-3,4-difluorophenyl, 2-chloro-3,5-difluorophenyl, 3-chloro-4,5-difluorophenyl, 3-
chloro-5-6-difluorophenyl, 3,4-dibromo-2-chlorophenyl, 3,5-dibromo-2-chlorophenyl, 4,5-
dibromo-3-chlorophenyl, 2-bromo-3,4-difluorophenyl, 2-bromo-3,5-difluorophenyl, 3-
bromo-4,5-difluorophenyl, 2-bromo-3,4-dichlorophenyl, 2-bromo-3,5-dichlorophenyl, 3-
bromo-4,5-dichlorophenyl, 4-bromo-3-chloro-2-fluorophenyl, 4-bromo-2-chloro-3-
fluorophenyl, 2-bromo-3-chloro-4-fluorophenyl, 5-bromo-3-chloro-2-fluorophenyl, 5-
bromo-2-chloro-3-fluorophenyl, 2-bromo-3-chloro-3-fluourophenyl, 5-bromo-4-chloro-3-
fluorophenyl, S5-bromo-3-chloro-4-fluorophenyl, 3-bromo-4-chloro-5-fluorophenyl, 2-
fluoro-3-chlorophenyl,2-fluoro-5-trifluoromethylphenyl,  2-trifluoromethylphenyl,  3-
trifluoromethylphenyl, 3-methoxyphenyl, 2,3-dimethylphenyl, 2-fluoro-5-chlorophenyl, 2-
trifluoromethoxyphenyl, 3-trifluoromethoxyphenyl, 3-dimethylaminophenyl, 3-fluoro-5-

trifluoromethylphenyl, 2-chloro-5-trifluoromethylphenyl, 2-chloro-3-
trifluoromethylphenyl, 3-chloro-5-trifluoromethylphenyl, 3-fluoro-5-
trifluoromethylphenyl,.
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In an embodiment of the invention and/or embodiments thereof, R'” is independently selected from
3,5-dichlorophenyl, 2 3-dichlorophenyl, 2 3,5-trifluorophenyl, 3-trifluoromethylphenyl, 3-
methoxyphenyl, 2 3-dimethylphenyl, = 3-chlorophenyl,  3-trifluoromethoxyphenyl,  3-
dimethylaminophenyl, 3,5-difluorophenyl, 2,3-difluorophenyl, 3,4,5-trifluorophenyl, 2-fluoro-3-
chlorophenyl, 2-fluoro-3-trifluoromethylphenyl, naphth-1-yl, 2-fluoro-3-chlorophenyl, 3-fluoro-
S-trifluoromethylphenyl, 2,3 5-trichlorophenyl, preferably 3-flurorophenyl, 3-chlorophenyl, 2,3-
diflurorophenyl 3,5-difluorophenyl, 2,6-difluorophenyl, 2,3-dichlorophenyl, 3,5-dichlorophenyl,
2-chloro-3-fluorophenyl,  3-chloro-2-fluorophenyl,  3-chloro-5-fluorophenyl,  3-chloro-6-
fluorophenyl, 3.4,5-trifluorophenyl, 2,3 5-trifluorophenyl, 3,5-dichloro-4-fluorphenyl, 2-fluoro-3-
chlorophenyl, and 2,3,5-trichlorophenyl, more preferably 3-chlorophenyl, 2 3-dichlorophenyl,
3,5-dichlorophenyl, 3,5-difluorophenyl, 2, 6-difluorophenyl, 2 3, 5-trifluorophenyl, 3,4,5-
trifluorophenyl, 3-chloro-2-fluorophenyl, 3-chloro-5-fluorophenyl, 2-fluoro-3-chlorophenyl,
2,3,5-trichlorophenyl, and 3,5-dichloro-4-fluorophenyl, in particular 2,3,5-trifluorophenyl, 2,3-
dichlorophenyl and 3,5-dichlorophenyl.

In an embodiment of the invention and/or embodiments thereof, the compounds are according to

Formula (Idi), (Idii), (Idiii), (Idiv), (Idv), (Idvi), (Idvii) or (Idviii)

Formula (Id1)
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Formula (Idi1)

Formula (Idi11)

=N

Formula (Idiv)
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Formula (Idv)

Formula (Idvi)
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Formula (Idvi1i1)

or a stereoisomer, physiologically acceptable salt, ester, solvate, polymorph, prodrug and mixtures
thereof, wherein R', R/, R R!* A1, A2, A3, A4 and R*° are defined as in any of the embodiments

described herein.

In an embodiment of the invention and/or embodiments thereof, the compounds are according to
Formula (Id1), preterably 1n form of the (5)-enantiomer. In an embodiment of the invention and/or
embodiments thereof, the compounds are according to Formula (Idi1), preferably in form of the
(S)-enantiomer. In an embodiment of the invention and/or embodiments thereof, the compounds
are according to Formula (Idii1), preferably in form of the ($)-enantiomer. In an embodiment of
the invention and/or embodiments thereof, the compounds are according to Formula (Idiv),
preferably in form of the (§)-enantiomer. In an embodiment of the invention and/or embodiments
thereof, the compounds are according to Formula (Idv), preferably in form of the (5)-enantiomer.
In an embodiment of the invention and/or embodiments thereof, the compounds are according to
Formula (Idv1), preferably in form of the (5)-enantiomer. In an embodiment of the invention and/or
embodiments thereof, the compounds are according to Formula (Idvi1), preferably in form of the
(S)-enantiomer. In an embodiment of the invention and/or embodiments thereof, the compounds

are according to Formula (Idvii1), preferably in form of the (5)-enantiomer.

The 1nvention provides a compound according to the invention and/or embodiments thereof,

wherein R?° is defined as below.

In an embodiment of the invention and/or embodiments thereof, R*> is hydrogen or methyl, more

preferably hydrogen.

In an embodiment of the invention and/or embodiments thereof, the compounds are according to

Formula (Ie1) or (Iei1)
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Formula (Ie11)

or a stereoisomer, physiologically acceptable salt, ester, solvate, polymorph, prodrug and mixtures
thereof, wherein R', R, R"”, R'* A1, A2, A3, A4 and R" are defined as in any of the embodiments

described herein.

In an embodiment of the invention and/or embodiments thereof, the compounds are according to
Formula (Ie1), preferably in form of the ($)-enantiomer. In an embodiment of the invention and/or
embodiments thereof, the compounds are according to Formula (Ien1), preferably in form of the

(S)-enantiomer.

The 1nvention provides a compound according to the invention and/or embodiments thereof,

wherein R' and R’ are defined as below.
In an embodiment of the invention and/or embodiments thereof,
R'! is independently selected from the group consisting of

hydrogen, Ci¢-alkyl, Ci.s-alkoxy, halogen, cyano, nitro, hydroxy, NR*R’, C(=0)OR" and
C(=O)NR"R®,

wherein each Cis-alkyl or Cie-alkoxy 1s optionally substituted with one or more

substituents independently selected from the group consisting of
Ci.6-alkyl, C1.¢-alkoxy, halogen, cyano, nitro, hydroxy and NR* R’
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R*and R’ are independently selected from the group consisting of
hydrogen, Cis-alkyl, Cs.10-cycloalkyl, Ce.10-aryl and 5 to 10-membered heteroaryl, or

R* and R’ together with the N atom to which they are attached form a saturated or unsaturated
heterocyclic ring having 3 to 12 ring atoms, wherein 1 ring atom 1s N and wherein O, 1, 2 or 3

further ring atoms are selected from N, S and O;

wherein each Cis-alkyl, Cs.i0-cycloalkyl, Ces.10-aryl or 5 to 10-membered heteroaryl or
the heterocyclic ring formed by R* and R’ together with the N atom to which they are
attached 1s optionally substituted with one or more substituent(s) independently selected

from the group consisting of
Cis-alkyl, Cs.10-cycloalkyl and Cis-alkoxy,

R* R’and R® are independently selected from hydrogen and Ci-alkyl, preferably from hydrogen
and C1-3-alkylj

R? and R’ are independently selected from hydrogen and Cis-alkyl, preferably from hydrogen
and Ci3-alkyl,

and
R’ is independently selected from the group consisting of

hydrogen, Ci.s-alkyl, Cs-s-alkenyl, Cs.ijo-cycloalkyl, 4 to 10-membered heterocyclyl, Cie-
alkoxy, halogen, cyano, hydroxy, NR®*R’, C(=0)OR!, SR!, SOR!, SO;R! and
C(=0O)NR''R",

wherein each Cig-alkyl, Cs-s-alkenyl, Cs.10-cycloalkyl, 4 to 10-membered heterocyclyl
or Cis-alkoxy 1s optionally substituted with one or more substituent(s) independently

selected from the group consisting of

Cis-alkyl, Cs.10-cycloalkyl, 5 to 10-membered heterocyclyl, Ci¢-alkoxy, halogen,
cyano, hydroxy, oxo, NR*R”, C(=0)OR"” and C(=O)NR'' R'?,

R® and R’ are independently selected from the group consisting of

hydrogen, Cie-alkyl, Cs.10-cycloalkyl, Ces.10-aryl, 5 to 10-membered heterocyclyl and 5 to

10-membered heteroaryl, or
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R® and R’ together with the N atom to which they are attached form a saturated or unsaturated
heterocyclic ring having 3 to 12 ring atoms, wherein 1 ring atom 1s N and wherein O, 1, 2, or 3

further ring atoms are selected from N, S and O;

wherein the Cis-alkyl, Cs.10-cycloalkyl, Ces-10-aryl, 5 to 10-membered heterocyclyl or 5
to 10-membered heteroaryl or the heterocyclic ring formed by R® and R’ together with the
N atom to which they are attached 1s optionally substituted with one or more substituent(s)

independently selected from the group consisting of

Cis-alkyl, Cis-alkoxy, halogen, cyano, hydroxy, NR® R’ | C(=0)OR!" and
C(=O)NR!! R"? ;

R'" R''and R'* are independently selected from hydrogen and Ci.¢-alkyl,
R®, R’,R!Y R! and R' are independently selected from hydrogen and Ci-alkyl,
R® R’ ,R!Y R! and R!? are independently selected from hydrogen and Cs-alkyl.
In an embodiment of the invention and/or embodiments thereof,
R'! is independently selected from the group consisting of

hydrogen, C1.¢-alkyl, Ci.6-alkoxy, halogen, cyano, nitro and C(=0)NR°R®,

wherein each Ci-s-alkyl or Ci-s-alkoxy 1s optionally substituted with one or more

substituents independently selected from the group consisting of
C1-¢-alkyl, Ci-¢-alkoxy, halogen, cyano, nitro, hydroxy and NR*R”’,
R> and R® are independently selected from hydrogen and C;-3-alkyl,
R*’and R’’ are independently selected from hydrogen and C;-3-alkyl.
and
R’ is independently selected from the group consisting of

hydrogen, Ci¢-alkyl, Cs-¢-alkenyl, 4 to 10-membered heterocyclyl, Ci-3-alkoxy, hydroxy,
NR®R’, SR", SOR"and SO,R",

wherein each Ci¢-alkyl, Cy-s-alkenyl, 4 to 10-membered heterocyclyl or Ci-3-alkoxy 1s
optionally substituted with one or more substituent(s) independently selected from the

group consisting of
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Cis-alkyl, 5 to 10-membered heterocyclyl, Cis-alkoxy, halogen, cyano,
hydroxy, oxo, NR®*R”, C(=0)OR!’ and C(=O)NR!' R!?

R® and R” are independently selected from the group consisting of
hydrogen, Cis-alkyl, Cs6-cycloalkyl, Ce-10-aryl and 5 to 10-membered heteroaryl, or

R® and R” together with the N atom to which they are attached form a saturated or unsaturated
heterocyclic ring having 3 to 12 ring atoms, wherein 1 ring atom 1s N and wherein O, 1, 2, or 3

further ring atoms are selected from N, S and O;

wherein the C;.s-alkyl, Ce-10-aryl or 5 to 10-membered heteroaryl or the heterocyclic ring
formed by R® and R” together with the N atom to which they are attached is optionally
substituted with one or more substituent(s) independently selected from the group

consisting of
Ci6-alkyl, Ci6-alkoxy, hydroxy and NR® R’ ;

R' is independently selected from hydrogen or Ci-alkyl, preferably from hydrogen, methyl or
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