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Arylsulphonamide compounds
Cross reference

This application claims priority to Australian provisional application no. 2021904206, filed on

22 December 2021, the entire contents of which are incorporated herein by reference.
Field

The present disclosure relates to compounds which treat necroptosis and/or inhibit MLKL,

and methods for their use.

Background

In many diseases, cell death is mediated through apoptotic and/or necrotic pathways. While
much is known about the mechanisms of action that control apoptosis, control of necrosis is
not as well understood. Understanding the mechanisms in respect of both necrosis and
apoptosis in cells is essential to being able to treat conditions, such as neurodegenerative
diseases, stroke- coronary heart disease, kidney disease, liver disease, AIDS and the

conditions associated with AIDS.

Cell death has traditionally been categorized as either apoptotic or necrotic based on
morphological characteristics (Wyllie et al., Int. Rev. Cytol. 68: 251 (1980)). These two
modes of cell death were also initially thought to occur via regulated (caspase-dependent)
and non-regulated processes, respectively. More recent studies, however, demonstrate that
the underlying cell death mechanisms resulting in these two phenotypes are much more
complicated and under some circumstances interrelated. Furthermore, conditions that lead

to necrosis can occur by either regulated caspase-independent or non-regulated processes.

One regulated caspase-independent cell death pathway with morphological features
resembling necrosis, called necroptosis, has been described (Degterev ef al., Nat. Chem.
Biol. 1:112, 2005). This cell death modality can be initiated with various stimuli (e.g., TNF-
[alpha] and Fas ligand) and in an array of cell types (e.g., monocytes, fibroblasts,
lymphocytes, macrophages, epithelial cells and neurons). Necroptosis may represent a
significant contributor to and in some cases predominant mode of cellular demise under
pathological conditions involving excessive cell stress, rapid energy loss and massive
oxidative species generation, where the highly energy-dependent apoptosis process is not

operative.
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In WO2015/172203, we reported that particular compounds described in US2005/0085637
have been found to be suitable for inhibiting necroptosis. We also discussed particularly

suitable compounds for inhibiting necroptosis in W02016/127213.

All publications, patents and patent applications that may be cited herein are hereby

incorporated by reference in their entirety.

Any discussion of documents, acts, materials, devices, articles or the like which has been
included in the present specification is not to be taken as an admission that any or all of
these matters form part of the prior art base or were common general knowledge in the field
relevant to the present disclosure as it existed before the priority date of each claim of this

application.
Summary

As discussed above, certain compounds described in WO2016/127213, US2005/0085637
and WO2015/172203 have been found to be suitable for inhibiting necroptosis. Surprisingly,
the inventors of this invention have now discovered that other types of compounds are also
suitable for inhibiting necroptosis. Further, and equally surprising, the compounds described
herein target a key effector of the necroptotic pathway, namely mixed lineage kinase
domain-like protein (MLKL). In addition, the compounds described herein are potent
inhibitors of different MLKL homologues, including human MLKL and murine MLKL. The

cross-homologue MLKL potency may provide useful pre-clinical safety and efficacy data.

In one aspect, there is provided a compound according to Formula (1)

X\é(');o
|

N

7

R3
Y J

U]
wherein

J is selected from the following moieties J1 and J2:
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‘ NH,
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Al j/) R5J\\A6 ﬁ

R2
J1 J2

A' and A* are independently selected from N and C;

A? and A® are independently selected from N, NR', CH, O and S;

wherein at least one of A', A2, A® and A* is selected from N, NR', O and S;

ASis CHorN;

Afis N or CR?;

R' and R® are independently selected from H and an optionally substituted C.s-alkyl;

R? is selected from:

@ H,

(i) optionally substituted C1.4alkylamido,

(i) optionally substituted C1.4alkylaryl,

(iv) optionally substituted C;.4alkynyl,

(v) optionally substituted aryl,

(vi) optionally substituted 5- or 6-membered heterocyclyl,

(vii) cyano;

X is selected from optionally substituted Cisalkyl, optionally substituted haloCisalkyl,
optionally substituted C..salkynyl, optionally substituted cycloalkyl, optionally substituted
halocycloalkyl, optionally substituted aryl,

optionally substituted alkylaryl, optionally

substituted Cq.salkylcycloalkyl and optionally substituted amino;
Y and Z are independently selected from H, R* and —OR*;

wherein at least one of Y and Z is H and the remaining one of Y and Z is selected from R* and
—-OR*;

R* is selected from optionally substituted Ciealkyl, optionally substituted aryl, optionally

substituted Cisalkylaryl, optionally substituted heterocyclyl, optionally substituted

PCT/AU2022/051568
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Ciealkylheterocyclyl, optionally substituted cycloalkyl, optionally substituted
CiealkylCs.ocycloalkyl, optionally substituted Cas.iocycloalkylaryl, optionally substituted
Cs.iocycloalkylheterocyclyl, optionally substituted Cs.qocycloalkylCas.qgcycloalkyl, optionally
substituted 3-6 membered non-aromatic heterocyclyl-aryl, optionally substituted 3-6
membered non-aromatic heterocyclylCs.iocycloalkyl and optionally substituted 3-6 membered

non-aromatic heterocyclyl-3-10 membered heterocyclyl; and

R® is selected from H, optionally substituted Calkyl, optionally substituted Cs.1ocycloalkyl and

optionally substituted aryl.

In any aspect or embodiment described herein, the compound of the invention may be
provided in the form of a pharmaceutically acceptable salt, solvate, tautomer, N-oxide,

stereoisomer and/or prodrug thereof.
The inventors have found that compounds of Formula (I) are selective inhibitors of MLKL.
In some embodiments, when Y is —OR*, Z is H.

In some embodiments, R? is selected from:

M H,

(i) optionally substituted C1.4alkylamido,
(iii) optionally substituted C1.4alkylaryl,
(iv) optionally substituted C;.4alkynyl,

(v) optionally substituted aryl,

(vi) optionally substituted 5- or 6-membered heterocyclyl.

In some embodiments, the compound of the invention is selected from any of compounds 1-

173 described herein.

In some embodiments, the compound of the invention is selected from any of compounds 7,
9,12,13,14,15,16, 18,19, 20 and 72.

In some embodiments, the compound of the invention is selected from any of compounds 1,
7,9,12-16, 18-21, 23-32, 35-46, 48, 50-52, 55-62, 72-89, 92-109, 111, 113, 115-117, and
119-123, preferably any of compounds 19, 29-31, 36, 38, 40-41. 75-77, 81, 100-101, 103-
104, 109, 120 and 123.

In some embodiments, the compound of the invention is selected from any of compounds 1,
5,7-9,11-16, 18-21, 23-32, 35-46, 48, 50-52, 55-62, 66, 69, 70, 72-89, 92-109, 111, 113,
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115-117, and 119-123, preferably any of compounds 5, 7-9, 11-13, 15, 18-20, 60, 61, 66, 69,
70 and 72.

In some embodiments, the compound of the invention is selected from from any of
compounds 3, 11, 13, 19, 29, 30, 46, 79, 80, 81, 97, 98, 99, 103, 104, 109, 113, 116, 120,
121 and 122.

In another aspect, there is provided a medicament comprising a compound of the invention.

In another aspect, there is provided a pharmaceutical composition comprising a compound

of the invention and a pharmaceutically acceptable excipient.

In another aspect, there is provided a method of treating necroptosis, comprising
administering to a subject in need thereof an effective amount of a compound of the

invention.

In another aspect, there is provided a method of inhibiting MLKL, comprising contacting a

cell with a compound of the invention.

Any embodiment herein shall be taken to apply mutatis mutandis to any other embodiment

unless specifically stated otherwise.

The present disclosure is not to be limited in scope by the specific embodiments described
herein, which are intended for the purpose of exemplification only. Functionally-equivalent
products, compositions and methods are clearly within the scope of the invention, as

described herein.

Throughout this specification, unless specifically stated otherwise or the context requires
otherwise, reference to a single step, composition of matter, group of steps or group of
compositions of matter shall be taken to encompass one and a plurality (i.e. one or more) of

those steps, compositions of matter, groups of steps or group of compositions of matter.

Definitions
Unless otherwise herein defined, the following terms will be understood to have the general

meanings which follow.

The term “Cqsalkyl” refers to optionally substituted straight chain or branched chain
hydrocarbon groups having from 1 to 6 carbon atoms. Examples include methyl (Me), ethyl
(EY), propyl (Pr), isopropyl (i-Pr), butyl (Bu), isobutyl (i-Bu), sec-butyl (s-Bu), tert-butyl (t-Bu),

pentyl, neopentyl, hexyl and the like. Unless the context requires otherwise, the term
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“Cisalkyl” also encompasses alkyl groups containing one less hydrogen atom such that the
group is attached via two positions i.e. divalent. “Cqsalkyl” and “Cq.zalkyl” including methyl,
ethyl, propyl, isopropyl, n-butyl, iso-butyl, sec-butyl and tert-butyl are preferred with methyl

being particularly preferred.

The term “C..salkenyl” refers to optionally substituted straight chain or branched chain
hydrocarbon groups having at least one double bond of either E or Z stereochemistry where
applicable and 2 to 6 carbon atoms. Examples include vinyl, 1-propenyl, 1- and 2-butenyl
and 2-methyl-2-propenyl. Unless the context requires otherwise, the term “C..salkenyl” also
encompasses alkenyl groups containing one less hydrogen atom such that the group is
attached via two positions i.e. divalent. “C,.;alkenyl” and “Cz;alkenyl” including ethenyl,

propenyl and butenyl are preferred with ethenyl being particularly preferred.

The term “C.salkynyl” refers to optionally substituted straight chain or branched chain
hydrocarbon groups having at least one triple bond and 2 to 6 carbon atoms. Examples
include ethynyl, 1-propynyl, 1- and 2-butynyl, 2-methyl-2-propynyl, 2-pentynyl, 3-pentynyl,
4-pentynyl, 2-hexynyl, 3-hexynyl, 4-hexynyl and 5-hexynyl and the like. Unless the context
indicates otherwise, the term “Czsalkynyl” also encompasses alkynyl groups containing one
less hydrogen atom such that the group is attached via two positions i.e. divalent. Cz4alkynyl

or Casalkynyl are preferred.

The term “Cs.qocycloalkyl” refers to non-aromatic cyclic groups having from 3 to 10 carbon
atoms, including cyclopropyl, cyclobutyl, cyclopentyl, cyclohexyl, cycloheptyl, cyclooctyl,
cyclononyl and cyclodecyl. It will be understood that cycloalkyl groups may be saturated
such as cyclohexyl or unsaturated such as cyclohexenyl. Csscycloalkyl such as cyclopropyl,
cyclobutyl, cyclopentyl and cyclohexyl are preferred. Cycloalkyl groups also include

polycyclic carbocycles and include fused, bridged and spirocyclic systems.

The terms “hydroxy” and “hydroxyl” refer to the group -OH.

The term “oxo” refers to the group =0O.

The term “Cq.salkoxy” refers to an alkyl group as defined above covalently bound via an O
linkage containing 1 to 6 carbon atoms, such as methoxy, ethoxy, propoxy, isoproxy, butoxy,
tert-butoxy and pentoxy. “Ci4alkoxy” and “Cisalkoxy” including methoxy, ethoxy, propoxy

and butoxy are preferred with methoxy being particularly preferred.
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The terms “haloC1.salkyl” and “Cisalkylhalo” refer to a Ci.salkyl which is substituted with one
or more halogens. HaloC1.alkyl groups are preferred, such as for example, -CH,CF3, and -
CFa.

The terms “haloCi.salkoxy” and “Ci.salkoxyhalo” refer to a Ci.salkoxy which is substituted
with one or more halogens. Ci.;alkoxyhalo groups are preferred, such as for example, -
OCFs.

The term “carboxylate” or “carboxyl” refers to the group -COO- or -COOH.

The term “ester” refers to a carboxyl group having the hydrogen replaced with, for example a
Ciealkyl group (“carboxylCqealkyl” or “alkylester”), an aryl or aralkyl group (“arylester” or
“aralkylester”) and so on. CO,C.salkyl groups are preferred, such as for example,
methylester (CO;Me), ethylester (CO2Et) and propylester (CO2Pr) and includes reverse
esters thereof (e.g. —OC(O)Me, -OC(O)Et and —OC(O)Pr).

The terms “cyano” and “nitrile” refer to the group -CN.

The term “nitro” refers to the group -NO..

The term “amino” refers to the group -NH..

The term “substituted amino” refers to an amino group having at least one hydrogen
replaced with, for example a Cisalkyl group (“Cisalkylamino”), an aryl or aralkyl group
(“arylamino”, “aralkylamino”) and so on. Substituted amino groups include “monosubstituted
amino” (or “secondary amino”) groups, which refer to an amino group having a single
hydrogen replaced with, for example a Ci.salkyl group, an aryl or aralkyl group and so on.
Preferred secondary amino groups include C1;alkylamino groups, such as for example,
methylamino (NHMe), ethylamino (NHEt) and propylamino (NHPr). Substituted amino
groups also include “disubstituted amino” (or “tertiary amino”) groups, which refer to amino
groups having both hydrogens replaced with, for example C1salkyl groups, which may be the
same or different (“dialkylamino”), aryl and alkyl groups (“aryl(alkylyamino™) and so on.
Preferred tertiary amino groups include di(Csalkyl)amino groups, such as for example,
dimethylamino (NMe,), diethylamino (NEt.), dipropylamino (NPr2) and variations thereof (e.g.

N(Me)(Et) and so on).

The term “aldehyde” refers to the group -C(=O)H.

The terms “acyl” and “acetyl” refers to the group —C(O)CHea.
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The term “ketone” refers to a carbonyl group which may be represented by —-C(O)-.

The term “substituted ketone” refers to a ketone group covalently linked to at least one
further group, for example, a Ci.salkyl group (“Cisalkylacyl” or “alkylketone” or “ketoalkyl”),
an aryl group (“arylketone™), an aralkyl group (“aralkylketone) and so on. Ci.salkylacyl groups
are preferred.

The term “amido” or “amide” refers to the group -C(O)NH-.

The term “substituted amido” or “substituted amide” refers to an amido group having a
hydrogen replaced with, for example a Ci.salkyl group (“Cisalkylamido” or “Cq.salkylamide™),
an aryl (“arylamido”), aralkyl group (“aralkylamido”) and so on. Cisalkylamide groups are
preferred, such as for example, methylamide (-C(O)NHMe), ethylamide (-C(O)NHEt) and
propylamide (-C(O)NHPr) and includes reverse amides thereof (e.g. -NHMeC(O)-, -
NHEtC(O)- and -NHPrC(O)-).

The term “disubstituted amido” or “disubstituted amide” refers to an amido group having the
two hydrogens replaced with, for example a Cisalkyl group (“di(Cqealkyl)amido” or “di(C1-
salkyl)amide”), an aralkyl and alkyl group (“alkyl(aralkyl)amido™ and so on.
Di(C1-salkyl)amide groups are preferred, such as for example, dimethylamide (-C(O)NMe>),
diethylamide (-C(O)NEtz) and dipropylamide ((-C(O)NPr.) and variations thereof

(e.g. -C(O)N(Me)Et and so on) and includes reverse amides thereof.
The term “thiol” refers to the group -SH.

The term “C1salkylthio” refers to a thiol group having the hydrogen replaced with a C.salkyl
group. Cqsalkylthio groups are preferred, such as for example, thiolmethyl, thiolethyl and
thiolpropyl.

The terms “thioxo” refer to the group =S.
The term “sulfinyl” refers to the group -S(=0O)H.

The term “substituted sulfinyl” or “sulfoxide” refers to a sulfinyl group having the hydrogen
replaced with, for example a Cisalkyl group (“Ciealkylsulfinyl” or “C_salkylsulfoxide”), an aryl
(“arylsulfinyl™), an aralkyl (“aralkyl sulfinyl”) and so on. Ci.aalkylsulfinyl groups are preferred,

such as for example, -SOmethyl, -SOethyl and -SOpropyl.

The term “sulfonyl” refers to the group -SOzH.
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The term “substituted sulfonyl” refers to a sulfonyl group having the hydrogen replaced with,
for example a Cisalkyl group (“sulfonylCq.salkyl™), an aryl (“arylsulfonyl™), an aralkyl
(“aralkylsulfonyl™ and so on. SulfonylCq.salkyl groups are preferred, such as for example, -
SO:Me, -SOzEt and -SOzPr.

The term “sulfonylamido” or “sulfonamide” refers to the group -SO.NH..

The term “substituted sulfonamido” or “substituted sulphonamide” refers to an sulfonylamido
group having a hydrogen replaced with, for example a Cisalkyl group (“sulfonylamidoC.
salkyl™), an aryl (“arylsulfonamide”), aralkyl (“aralkylsulfonamide”) and so on.
SulfonylamidoC1.salkyl groups are preferred, such as for example, -SO;NHMe, -SO,NHEt
and -SO2NHPr and includes reverse sulfonamides thereof (e.g. -NHSO:Me, -NHSOEt and -
NHSO;Pr).

The term “disubstituted sufonamido” or “disubstituted sulphonamide” refers to an
sulfonylamido group having the two hydrogens replaced with, for example a Cysalkyl group,
which may be the same or different (“sulfonylamidodi(C.salkyl)”), an aralkyl and alkyl group
(“sulfonamido(aralkylalkyl”) and so on. Sulfonylamidodi(C+.;alkyl) groups are preferred, such
as for example, -SO;NMe;, -SO>NEt; and -SO:NPr; and variations thereof

(e.g. -SO2N(Me)Et and so on) and includes reserve sulfonamides thereof (e.g. —
N(Me)SO.Me and so on).

The term “sulfate” refers to the group OS(0O).OH and includes groups having the hydrogen
replaced with, for example a Cisalkyl group (“alkylsulfates”, an aryl (“arylsulfate™), an aralkyl
(“aralkylsulfate™ and so on. Cissulfates are preferred, such as for example, OS(O),OMe,
0S(0),0Et and OS(0O),O0Pr.

The term “sulfonate” refers to the group SOz;H and includes groups having the hydrogen
replaced with, for example a Cisalkyl group (“alkylsulfonate™), an aryl (“arylsulfonate™), an
aralkyl (“aralkylsulfonate”) and so on. Ci.ssulfonates are preferred, such as for example,
SOsMe, SOsEt and SOsPr.

The term “aryl” refers to a carbocyclic (non-heterocyclic) aromatic ring or mono-, bi- or tri-
cyclic ring system. Poly-cyclic ring systems may be referred to as “aryl” provided at least 1 of
the rings within the system is aromatic. The aromatic ring or ring system is generally
composed of 6 to 10 carbon atoms. Examples of aryl groups include but are not limited to
phenyl, biphenyl, naphthyl and tetrahydronaphthyl. 6-membered aryls such as phenyl are

preferred. The term “alkylaryl” refers to Cisalkylaryl such as benzyl.
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The term “alkoxyaryl” refers to Cealkyloxyaryl such as benzyloxy.

The term “heterocyclyl” refers to a moiety obtained by removing a hydrogen atom from a ring
atom of a heterocyclic compound which moiety has from 3 to 10 ring atoms (unless
otherwise specified), of which 1, 2, 3 or 4 are ring heteroatoms each heteroatom being
independently selected from O, S and N. Heterocyclyl groups include monocyclic and
polycyclic (such as bicyclic) ring systems, such as fused, bridged and spirocyclic systems,

provided at least one of the rings of the ring systm contains at least one heteroatom.

In this context, the prefixs 3-, 4-, 5-, 6-, 7-, 8-, 9- and 10- membered denote the number of
ring atoms, or range of ring atoms, whether carbon atoms or heteroatoms. For example, the
term “3-10 membered heterocylyl”, as used herein, pertains to a heterocyclyl group having 3,
4,5,6,7,8,90r10 ring atoms. Examples of heterocylyl groups include 5-6-membered

monocyclic heterocyclyls and 9-10 membered fused bicyclic heterocyclyls.

Examples of monocyclic heterocyclyl groups include, but are not limited to, those containing
one nitrogen atom such as aziridine (3-membered ring), azetidine (4-membered ring),
pyrrolidine (tetrahydropyrrole), pyrroline (e.g., 3-pyrroline, 2,5-dihydropyrrole), 2H-pyrrole or
3H-pyrrole (isopyrrole, isoazole) or pyrrolidinone (5-membered rings) , piperidine,
dihydropyridine, tetrahydropyridine (6-membered rings), and azepine (7-membered ring);
those containing two nitrogen atoms such as imidazoline, pyrazolidine (diazolidine),
imidazoline, pyrazoline (dihydropyrazole) (5-membered rings), piperazine (6-membered
ring); those containing one oxygen atom such as oxirane (3-membered ring), oxetane (4-
membered ring), oxolane (tetrahydrofuran), oxole (dihydrofuran) (5-membered rings), oxane
(tetrahydropyran), dihydropyran, pyran (6-membered rings), oxepin (7-membered ring);
those containing two oxygen atoms such as dioxolane (5-membered ring), dioxane (6-
membered ring), and dioxepane (7-membered ring); those containing three oxygen atoms
such as trioxane (6-membered ring); those containing one sulfur atom such as thiirane (3-
membered ring), thietane (4-membered ring), thiolane (tetrahydrothiophene) (5-membered
ring), thiane (tetrahydrothiopyran) (6-membered ring), thiepane (7-membered ring); those
containing one nitrogen and one oxygen atom such as tetrahydrooxazole, dihydrooxazole,
tetrahydroisoxazole, dihydroisoxazole (5-membered rings), morpholine, tetrahydrooxazine,
dihydrooxazine, oxazine (6-membered rings); those containing one nitrogen and one sulfur
atom such as thiazoline, thiazolidine (5-membered rings), thiomorpholine (6-membered ring);
those containing two nitrogen and one oxygen atom such as oxadiazine (6-membered ring);
those containing one oxygen and one sulfur such as: oxathiole (5-membered ring) and
oxathiane (thioxane) (6-membered ring); and those containing one nitrogen, one oxygen and

one sulfur atom such as oxathiazine (6-membered ring).
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Heterocyclyls encompass aromatic heterocyclyls and non-aromatic heterocyclyls. Such

groups may be substituted or unsubstituted.

The term “aromatic heterocyclyl” may be used interchangeably with the term
“heteroaromatic” or the term “heteroaryl” or “hetaryl”. The heteroatoms in the aromatic
heterocyclyl group may be independently selected from N, S and O. The aromatic
heterocyclyl groups may comprise 1, 2, 3, 4 or more ring heteroatoms. In the case of fused
aromatic heterocyclyl groups, only one of the rings may contain a heteroatom and not all

rings must be aromatic.

“Heteroaryl” is used herein to denote a heterocyclic group having aromatic character and
embraces aromatic monocyclic ring systems and polycyclic (e.g. bicyclic) ring systems
containing one or more aromatic rings. The term aromatic heterocyclyl also encompasses
pseudoaromatic heterocyclyls. The term “pseudoaromatic” refers to a ring system which is
not strictly aromatic, but which is stabilized by means of delocalization of electrons and
behaves in a similar manner to aromatic rings. The term aromatic heterocyclyl therefore
covers polycyclic ring systems in which all of the fused rings are aromatic as well as ring
systems where one or more rings are non-aromatic, provided that at least one ring is
aromatic. In polycyclic systems containing both aromatic and non-aromatic rings fused
together, the group may be attached to another moiety by the aromatic ring or by a non-

aromatic ring.

Examples of heteroaryl groups are monocyclic and bicyclic groups containing from five to ten
ring members. The heteroaryl group can be, for example, a five membered or six membered
monocyclic ring or a bicyclic structure formed from fused five and six membered rings or two
fused six membered rings or two fused five membered rings. Each ring may contain up to
about four heteroatoms typically selected from nitrogen, sulphur and oxygen. The heteroaryl
ring will contain up to 4 heteroatoms, more typically up to 3 heteroatoms, more usually up to
2, for example a single heteroatom. In one embodiment, the heteroaryl ring contains at least
one ring nitrogen atom. The nitrogen atoms in the heteroaryl rings can be basic, as in the
case of an imidazole or pyridine, or essentially non-basic as in the case of an indole or
pyrrole nitrogen. In general the number of basic nitrogen atoms present in the heteroaryl

group, including any amino group substituents of the ring, will be less than five.

Aromatic heterocyclyl groups may be 5-membered or 6-membered mono-cyclic aromatic

ring systems.
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Examples of 5-membered monocyclic heteroaryl groups include but are not limited to
furanyl, thienyl, pyrrolyl, oxazolyl, oxadiazolyl (including 1,2,3 and 1,2,4 oxadiazolyls and
furazanyl i.e. 1,2,5-oxadiazolyl), thiazolyl, isoxazolyl, isothiazolyl, pyrazolyl, imidazolyl,
triazolyl (including 1,2,3, 1,2,4 and 1,3,4 triazolyls), oxatriazolyl, tetrazolyl, thiadiazolyl
(including 1,2,3 and 1,3,4 thiadiazolyls) and the like.

Examples of 6-membered monocyclic heteroaryl groups include but are not limited to
pyridinyl, pyrimidinyl, pyridazinyl, pyrazinyl, triazinyl, pyranyl, oxazinyl, dioxinyl, thiazinyl,
thiadiazinyl and the like. Examples of 6-membered aromatic heterocyclyls containing

nitrogen include pyridyl (1 nitrogen), pyrazinyl, pyrimidinyl and pyridazinyl (2 nitrogens).

Aromatic heterocyclyl groups may also be bicyclic or polycyclic heteroaromatic ring systems
such as fused ring systems (including purine, pteridinyl, napthyridinyl, 1H thieno[2,3-
c]pyrazolyl, thieno[2,3-b]furyl and the like) or linked ring systems (such as oligothiophene,
polypyrrole and the like). Fused ring systems may also include aromatic 5-membered or 6-
membered heterocyclyls fused to carbocyclic aromatic rings such as phenyl, naphtyl,
indenyl, azulenyl, fluorenyl, anthracenyl and the like, such as 5-membered aromatic
heterocyclyls containing nitrogen fused to phenyl rings, 5-membered aromatic heterocyclyls

containing 1 or 2 nitrogens fused to phenyl ring.

A bicyclic heteroaryl group may be, for example, a group selected from: a) a benzene ring
fused to a 5- or 6-membered ring containing 1, 2 or 3 ring heteroatoms; b) a pyridine ring
fused to a 5- or 6-membered ring containing 1, 2 or 3 ring heteroatoms; c¢) a pyrimidine ring
fused to a 5- or 6-membered ring containing 1 or 2 ring heteroatoms; d) a pyrrole ring fused
to a 5- or 6-membered ring containing 1, 2 or 3 ring heteroatoms; €) a pyrazole ring fused to
a 5- or 6-membered ring containing 1 or 2 ring heteroatoms; f) an imidazole ring fused to a
5- or 6-membered ring containing 1 or 2 ring heteroatoms; g) an oxazole ring fused to a 5- or
6-membered ring containing 1 or 2 ring heteroatoms; h) an isoxazole ring fused to a 5- or 6-
membered ring containing 1 or 2 ring heteroatoms; i) a thiazole ring fused to a 5- or 6-
membered ring containing 1 or 2 ring heteroatoms; j) an isothiazole ring fused to a 5- or 6-
membered ring containing 1 or 2 ring heteroatoms; k) a thiophene ring fused to a 5- or 6-
membered ring containing 1, 2 or 3 ring heteroatoms; 1) a furan ring fused to a 5- or
6-membered ring containing 1, 2 or 3 ring heteroatoms; m) a cyclohexyl ring fused to a 5- or
6-membered ring containing 1, 2 or 3 ring heteroatoms; and n) a cyclopentyl ring fused to a

5- or 6-membered ring containing 1, 2 or 3 ring heteroatoms.
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Particular examples of bicyclic heteroaryl groups containing a five membered ring fused to
another five membered ring include but are not limited to imidazothiazole (e.g. imidazo[2,1-

blthiazole) and imidazoimidazole (e.g. imidazo[1,2-a]imidazole).

Particular examples of bicyclic heteroaryl groups containing a six membered ring fused to a
five membered ring include but are not limited to benzofuran, benzothiophene,
benzimidazole, benzoxazole, isobenzoxazole, benzisoxazole, benzothiazole,
benzisothiazole, isobenzofuran, indole, isoindole, indolizine, indoline, isoindoline, purine
(e.g., adenine, guanine), indazole, pyrazolopyrimidine (e.g. pyrazolo[1 ,5-a]pyrimidine),
benzodioxole and pyrazolopyridine (e.g. pyrazolo[1,5-a]pyridine) groups. A further example
of a six membered ring fused to a five membered ring is a pyrrolopyridine group such as a

pyrrolo[2,3-b]pyridine group.

Particular examples of bicyclic heteroaryl groups containing two fused six membered rings
include but are not limited to quinoline, isoquinoline, chroman, thiochroman, chromene,
isochromene, isochroman, benzodioxan, quinolizine, benzoxazine, benzodiazine,
pyridopyridine, quinoxaline, quinazoline, cinnoline, phthalazine, naphthyridine and pteridine

groups.

Examples of heteroaryl groups containing an aromatic ring and a non-aromatic ring include
tetrahydronaphthalene, tetrahydroisoquinoline, tetrahydroquinoline, dihydrobenzothiophene,
dihydrobenzofuran, 2,3-dihydro- benzo[1,4]dioxine, benzo[1,3]dioxole, 4,5,6,7-

tetrahydrobenzofuran, indoiine, isoindoline and indane groups.

Examples of aromatic heterocyclyls fused to carbocyclic aromatic rings may therefore
include but are not limited to benzothiophenyl, indolyl, isoindolyl, benzofuranyl,
isobenzofuranyl, benzimidazolyl, indazolyl, benzoxazolyl, benzisoxazolyl, isobenzoxazoyl,
benzothiazolyl, benzisothiazolyl, quinolinyl, isoquinolinyl, quinoxalinyl, quinazolinyl,

cinnolinyl, benzotriazinyl, phthalazinyl, carbolinyl and the like.

The term “non-aromatic heterocyclyl” encompasses optionally substituted saturated and
unsaturated rings which contain at least one heteroatom selected from the group consisting
of N, S and O. The ring may contain 1, 2 or 3 heteroatoms. The ring may be a monocyclic
ring or part of a polycyclic ring system. Polycyclic ring systems include fused rings and
spirocycles. Not every ring in a non-aromatic heterocyclic polycyclic ring system must

contain a heteroatom, provided at least one ring contains one or more heteroatoms.

Non-aromatic heterocyclyls may be 3-7 membered mono-cyclic rings.
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Examples of 5-membered non-aromatic heterocyclyl rings include 2H-pyrrolyl, 1-pyrrolinyl, 2-
pyrrolinyl, 3-pyrrolinyl, pyrrolidinyl, 1-pyrrolidinyl, 2-pyrrolidinyl, 3-pyrrolidinyl,
tetrahydrofuranyl, tetrahydrothiophenyl, pyrazolinyl, 2-pyrazolinyl, 3-pyrazolinyl,

pyrazolidinyl, 2-pyrazolidinyl, 3-pyrazolidinyl, imidazolidinyl, 3-dioxalanyl, thiazolidinyl,

isoxazolidinyl, 2-imidazolinyl and the like.

Examples of 6-membered non-aromatic heterocyclyls include piperidinyl, piperidinonyl,
pyranyl, dihyrdopyranyl, tetrahydropyranyl, 2H pyranyl, 4H pyranyl, thianyl, thianyl oxide,
thianyl dioxide, piperazinyl, diozanyl, 1,4-dioxinyl, 1,4-dithianyl, 1,3,5-triozalanyl, 1,3,5-
trithianyl, 1,4-morpholinyl, thiomorpholinyl, 1,4-oxathianyl, triazinyl, 1,4-thiazinyl and the like.

Examples of 7-membered non-aromatic heterocyclyls include azepanyl, oxepanyl, thiepanyl
and the like.

Non-aromatic heterocyclyl rings may also be bicyclic heterocyclyl rings such as linked ring
systems (for example uridinyl and the like) or fused ring systems. Fused ring systems
include non-aromatic 5-membered, 6-membered or 7-membered heterocyclyls fused to
carbocyclic aromatic rings such as phenyl, napthyl, indenyl, azulenyl, fluorenyl, anthracenyl
and the like. Examples of non-aromatic 5-membered, 6-membered or 7-membered
heterocyclyls fused to carbocyclic aromatic rings include indolinyl, benzodiazepinyl,

benzazepinyl, dihnydrobenzofuranyl and the like.
The term “halo” refers to fluoro, chloro, bromo or iodo.

Unless otherwise defined, the term “optionally substituted” or “optional substituent” as used
herein refers to a group which may or may not be further substituted with 1, 2, 3, 4 or more
groups, preferably 1, 2 or 3, more preferably 1 or 2 groups selected from the group
consisting of Cysalkyl, Cosalkenyl, Cosalkynyl, Cs.scycloalkyl, hydroxyl, oxo, Ciesalkoxy,
aryloxy, Ci.salkoxyaryl, halo, Ci.salkylhalo (such as CF3), Cisalkoxyhalo (such as OCF3),
carboxyl, esters, cyano, nitro, amino, substituted amino, disubstituted amino, acyl, ketones,
substituted ketones, amides, aminoacyl, substituted amides, disubstituted amides, thiol,
alkylthio, thioxo, sulfates, sulfonates, sulfinyl, substituted sulfinyl, sulfonyl, substituted
sulfonyl, sulfonylamides, substituted sulfonamides, disubstituted sulfonamides, aryl,
arCq.salkyl, heterocyclyl and heteroaryl wherein each alkyl, alkenyl, alkynyl, cycloalkyl, aryl
and heterocyclyl and groups containing them may be further optionally substituted. Optional
substituents in the case of heterocycles containing N may also include but are not limited to

Ciealkyl i.e. N-Cqzalkyl, more preferably methyl particularly N-methyl.
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For optionally substituted “Cq.salkyl”, “C,salkenyl” and “Caealkynyl”, the optional substituent
or substituents are preferably selected from halo, aryl, heterocyclyl, Csscycloalkyl, C+.
salkoxy, hydroxyl, oxo, aryloxy, haloC1salkyl, haloC+salkoxyl and carboxyl. Each of these
optional substituents may also be optionally substituted with any of the optional substituents
referred to above, where nitro, amino, substituted amino, cyano, heterocyclyl (including non-
aromatic heterocyclyl and heteroaryl), Cisalkyl, Cosakenyl, C,salkynyl, Cisalkoxyl, haloC+.
salkyl, haloC.salkoxy, halo, hydroxyl and carboxyl are preferred.

It will be understood that suitable derivatives of aromatic heterocyclyls containing nitrogen

include N-oxides thereof.

In the case of hybrid naming of substituent radicals describing two moieties that may both
form a bond attaching the radical to the rest of the compound, such as alkylamino and
alkylaryl, no direction in the order of groups is intended, so the point of attachment may be to
any of the moieties included in the hybrid radical. For example, the terms “alkylaryl” and
“arylalkyl”, are intended to refer to the same group and the point of attachment may be via
the alkyl or the aryl moiety (or both in the case of diradical species). The direction of
attachment of such a hybrid radical may be denoted by inclusion of a bond, for example,
“-alkylaryl” or “arylalkyl-“ denotes that the point of attachment of the radical to the rest of the
compound is via the alkyl moiety, and “alkylaryl-“ or “-arylalkyl” denotes that the point of

attachment is via the aryl moiety.

It will be appreciated that == denotes a single or a double bond, depending on the required
valency. Unless specifically stated otherwise, where all bonds in a ring are denoted by —=

the ring is intended to be aromatic.

As used herein, except where the context requires otherwise, the term "comprise" and
variations of the term, such as "comprising", "comprises" and "comprised", are not intended

to exclude further additives, components, integers or steps.

It must be noted that as used herein and in the appended claims, the singular forms “a”, “an”
and “the” include plural reference unless the context clearly dictates otherwise. Thus, for
example, a reference to “a salt” may include a plurality of salts and a reference to “at least

one heteroatom” may include one or more heteroatoms, and so forth.
The term “and/or” can mean “and” or “or”.

The term “(s)” following a noun contemplates the singular or plural form, or both.
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Various features of the invention are described with reference to a certain value, or range of
values. These values are intended to relate to the results of the various appropriate
measurement techniques, and therefore should be interpreted as including a margin of error
inherent in any particular measurement technique. Some of the values referred to herein are

5 denoted by the term “about” to at least in part account for this variability. The term “about”,
when used to describe a value, may mean an amount within £10%, 5%, £1% or £0.1% of
that value.

Further aspects of the present invention and further embodiments of the aspects described
in the preceding paragraphs will become apparent from the following description, given by

10  way of example and with reference to the accompanying drawings.
Detailed description of embodiments

The invention provides a compound of Formula (1)

U]
15  wherein

J is selected from the following moieties J1 and J2:

e NH,
AST N
I N
RS J\\AG N,
RE
J1 J2

A', and A4 are independently selected from N and C;

A2 and A?® are independently selected from N, NR', CH, O and S;
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wherein at least one of A", A%, A% and A is selected from N, NR', O and S;
ASisCHorN;

Afis N or CR?;

R' and R® are independently selected from H and an optionally substituted C1.s-alkyl;

R? is selected from:

@ H,

(i) optionally substituted C1.4alkylamido,

(iii) optionally substituted C1.4alkylaryl,

(iv) optionally substituted C;.4alkynyl,

(v) optionally substituted aryl,

(vi) optionally substituted 5- or 6-membered heterocyclyl,

(vii) cyano;

X is selected from optionally substituted Ciealkyl, optionally substituted haloCi.salkyl,
optionally substituted C.salkynyl, optionally substituted cycloalkyl, optionally substituted
halocycloalkyl, optionally substituted aryl, optionally substituted alkylaryl, optionally

substituted Cq.salkylcycloalkyl and optionally substituted amino;
Y and Z are independently selected from H, R* and —OR*;

wherein at least one of Y and Z is H and the remaining one of Y and Z is selected from R* and
—OR*;

R* is selected from optionally substituted Ciealkyl, optionally substituted aryl, optionally
substituted Cisalkylaryl, optionally substituted heterocyclyl, optionally substituted
Ci.salkylheterocyclyl, optionally substituted cycloalkyl, optionally substituted
CiealkylCs.ocycloalkyl, optionally substituted Cs.iocycloalkylaryl, optionally substituted
Cs.iocycloalkylheterocyclyl, optionally substituted Cs.qocycloalkylCas.qgcycloalkyl, optionally
substituted 3-6 membered non-aromatic heterocyclyl-aryl, optionally substituted 3-6
membered non-aromatic heterocyclylCs.iocycloalkyl and optionally substituted 3-6 membered

non-aromatic heterocyclyl-3-10 membered heterocyclyl; and

R® is selected from H, optionally substituted Calkyl, optionally substituted Cs.1ocycloalkyl and

optionally substituted aryl.

X
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In some embodiments, X is selected from Cqealkyl, C2salkynyl, Csscycloalkyl,
aryl, -(CHa)naryl, -(CH2)ncycloalkyl, and -N(C1.salkyl)z;

wherein
nis1or2, and

each alkyl and alkynyl is optionally substituted with one or more groups selected from halo,
nitrile, -OR®, -N(R")R&;

R®, R” and R® are independently selected from H, Cssalkyl and haloCsalkyl, and

wherein each aryl and cycloalkyl is optionally substituted with one or more groups that are
independently selected from halo, nitrile, C1.salkyl, Ci.salkoxy, haloC1.salkyl and haloCs.

salkoxy.

In some embodiments, X is selected from optionally substituted Cq.salkyl, optionally
substituted Cz.4alkynyl, optionally substituted Cq_salkylnitrile, optionally substituted
haloC.salkyl, optionally substituted Csecycloalkyl, optionally substituted
CialkylCa.scycloalkyl, optionally substituted aryl, optionally substituted haloaryl, optionally
substituted Cqalkylaryl, optionally substituted haloC+alkylaryl, optionally substituted
haloCalkoxyaryl, optionally substituted benzyl, optionally substituted halobenzyl, optionally
substituted Cialkylbenzyl, optionally substituted Cialkoybenzyl and optionally substituted
haloCialkoybenzyl.

In some embodiments, X is selected from an optionally substituted Ci.salkyl, an optionally

substituted haloCi.salkyl and a Csecycloalkyl.

In some embodiments, X is selected from an optionally substituted C1;alkyl, an optionally

substituted haloC1.;alkyl and a Cascycloalkyl.

In some embodiments, X is an optionally substituted haloC1.salkyl selected from
-CHFz, -CF3, -CH2CF3, -CH2CHF2 and -CH2CH2CF3.

In some embodiments, X is an optionally substituted haloC1.,alkyl.

In some embodiments, X is an optionally substituted amino preferably disubstituted amino,

such as -N(C1.4alkyl)2. In some embodiments, X is =N(CHx)a.

In some embodiments, X is selected from any one of the following groups:
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methyl, ethyl, isopropyl, tert-butyl, -CHF2, -CFs, -CH2CF3, -CH;CHF2, -CH.CH,CFs,
-CH,CH2OCHs, -CH2CHzNH;, -CH2CH2N(CH)2, cyclohexyl, cyclopropyl, -N(CHs)z

oL O

i

oy Cx o
NP
CF . C CI, ’ c ¢ . CFs. OCFs,H\ii,

CH3 |

3

>

>

2 O

S

In some embodiments, X is selected from any one of the following groups: ethyl,

difluoromethyl, trifluoroethyl and cyclopropyl.
In some embodiments, X is difluoromethyl.

In some embodiments, X is a group that has a longest linear chain extending from the sulfur
10  atom depicted in formula (I) by not more than 6, 5, 4, 3 or 2 atoms, preferably 3-6 atoms. By
“longest linear chain” it is meant the number of atoms from the point of attachment not
including any branching or rings. For example, when X is benzyl, the longest linear chain is 6
atoms which includes the methylene carbon atom, four ring atoms and the hydrogen atom
attached to the carbon at the 4-position of the benzyl, and when X is —CH>CF3, the longest
15 linear chain is 3. The longest linear chain in each of these exemplary X-substituents is

numbered in the partial formulas shown below:

Y and Z

In some embodiments, when Y is —OR*, Z is H. In these embodiments, the compound of

20  formula (1) may be provided as a compound of formula (la):
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(la)

wherein J, A, A2, A3 A% A5 A® n, R', R% R® R* R®and X are as defined for formula () or
any embodiment thereof.

In some embodiments, when Z is —OR*, Y is H. In these embodiments, the compound of

formula (I) may be provided as a compound of formula (Ib):

X\S'('):o
|

N

(Ib)

wherein J, A", A%, A%, A% A% A® n, R', R? R3 R* R®and X are as defined for formula (I) or
any embodiment thereof.

In some embodiments, when Y is —R*, Z is H.
In some embodiments, when Z is —-R?, Y is H.
R4

In some embodiments, R* is selected from Cisealkyl, aryl, cycloalkyl, heterocyclyl,
Cisalkylcycloalkyl, Cisalkylaryl and Cisalkylheterocyclyl,

wherein each alkyl (including when present as an optional substituent) is optionally substituted
with one or more groups independently selected from halo, Cq.salkoxy, hydroxy, nitrile, amino,

Cisalkylamino, (Ci.4alkyl)2amino, aryl, cycloalkyl and heterocyclyl;
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wherein each aryl (including when present as an optional substituent) is optionally substituted
with one or more groups independently selected from halo, hydroxy, nitrile, amino, Ci.
salkylamino and (Ci.alkyl):amino, Ciaalkyl, Cisalkoxy, haloCi.salkyl, haloCqsalkoxy, aryl,

cycloalkyl and heterocyclyl;

wherein each cycloalkyl (including when present as an optional substituent) is optionally
substituted with one or more groups independently selected from halo, hydroxy, nitrile, amino,
Ci4alkylamino and (Ci.salkyl).amino, Ci.asalkyl, Cisalkoxy, haloCi.salkyl, haloCq.salkoxy, aryl,
cycloalkyl and heterocyclyl; and

wherein each heterocyclyl (including when present as an optional substituent) is optionally
substituted with one or more groups independently selected from halo, hydroxy, nitrile, amino,
Cisalkylamino and (Cisalkyl);amino, Ciaalkyl, Cisalkoxy, haloCiaalkyl, haloCqsalkoxy,
cycloalkyl, heterocyclyl and aryl.

In some embodiments, R* is selected from Ciealkyl, aryl, cycloalkyl, heterocyclyl, Cs.
salkylcycloalkyl, Ciealkylaryl, Cisalkylheterocyclyl, Cs.1ocycloalkylaryl,
Cs.rocycloalkylheterocyclyl, Cs.igcycloalkylCsqocycloalkyl, 3-6 membered non-aromatic
heterocyclyl-aryl, 3-6 membered non-aromatic heterocyclyl-Cs.1ocycloalkyl and 3-6 membered
non-aromatic heterocyclyl-3-10 membered heterocyclyl and wherein each cycloalkyl, aryl and
heterocyclyl are optionally substituted with one or more groups independently selected from
halo, hydroxy, nitrile, amino, Ci.salkylamino and (Ci.ialkyl);amino, Ciaalkyl, Cisalkoxy,
haloC1-salkyl and haloC1.salkoxy.

In some embodiments, R* is selected from Cisealkyl, aryl, cycloalkyl, heterocyclyl
and -(CH2)mR®,

R?® is selected from Cs.iocycloalkyl, aryl, heterocyclyl, and
m is an integer selected from 1 to 6;

wherein each cycloalkyl, aryl and heterocyclyl are optionally substituted with one or more
groups independently selected from halo, Cisalkyl, Cisalkoxy, haloCisalkyl and

haloC1.salkoxy.

In some embodiments, R* is selected from Ci4alkyl, cycloalkyl, haloaryl, -C1zalkylaryl, -C4.
calkylarylhalo, -CiralkylCsscycloalkyl, -Cialkylheterocyclyl, -Ci»alkylarylC,alkylhalo,
-CizalkylarylhaloCqalkyl, -Cialkylaralkylhalo, -Ci.;alkylarylhaloalkoxy, cycloalkylaryl,

cycloalkylheterocyclyl, cycloalkylcycloalkyl, 3-6 membered non-aromatic heterocyclyl-aryl, 3-
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6 membered non-aromatic heterocyclylcycloalkyl and 3-6 membered non-aromatic

heterocyclyl-3-10 membered heterocyclyl

wherein each alkyl, cycloalkyl, aryl, aralkyl, heterocyclyl and alkoxyl is optionally substituted
with a group selected from halo, hydroxy, nitrile, amino, C.4alkylamino and (C+.salkyl)2amino,

Ci.4alkyl, Cq4alkoxy, haloCq.salkyl, haloCq.salkoxy and acyl.

In some embodiments, R* is an optionally substituted CalkylCsaryl. In some embodiments,
the Cialkyl moiety is substituted. In some embodiments, the aryl moiety is substituted. In

some embodiments, the CialkylCsaryl moiety may be represented by the following partial

formula:
Ra
RO\ %
=z
|
(re
m
wherein

R? and R® are independently selected from H, optionally substituted C1.salkyl, optionally
substituted Cq.4alkoxy, optionally substituted Cq.salkylhydroxy, optionally substituted C.
salkylnitrile, optionally substituted amino, optionally substituted Ci.salkylamino and optionally
substituted (C1.salkyl)2amino, or

R? and R” together with the carbon atom to which they are attached form an optionally

substituted Csscycloalkyl or a 3-6 membered non-aromatic heterocyclyl;
Re¢ is selected from halo and an optionally substituted C1.4alkyl; and
mis 0,1 or2.

In some embodiments, R? and R® are independently selected from H, optionally substituted
Ci.salkyl, optionally substituted Ci.salkoxy, optionally substituted Ci.salkylhydroxy, optionally
substituted Cq_4alkylnitrile, optionally substituted Ci.salkylamino and optionally substituted

(C14alkyl2amino. When R? and/or R are an optionally substituted C44alkylamino, either the

Ci.4alkyl or amino moiety may be optionally substituted.

In some embodiments, R? and R® together with the carbon atom to which they are attached

form an optionally substituted Csecycloalkyl or a 3-6 membered non-aromatic heterocyclyl
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selected from an optionally substituted cyclopropyl, an optionally substituted cyclobutyl, an
optionally substituted cyclopentyl, an optionally substituted cyclohexyl, an optionally

substituted oxetane and an optionally substituted azetidine.

In some embodiments, R? and R® together with the carbon atom to which they are attached
form a 3-6 membered non-aromatic heterocyclyl comprising 1 or 2, preferably 1 heteroatom,

preferably selected from O and N.

In some embodiments, R® is selected from H, Cisalkyl, Csscycloalkyl and aryl. In some
embodiments, R® is selected from H and optionally substituted Cisalkyl. In some
embodiments, R® is selected from H and optionally substituted aryl. In some embodiments, R®
is selected from H, optionally substituted methyl and optionally substituted phenyl. In some
embodiments, R%is H.

In some embodiments, mis 0 or 1.
In some embodiments, mis 1 or 2.

In some embodiments, at least one R¢is in the para position relative to the benzyl carbon

atom.
In some embodiments, R is selected from methyl, fluoro and chloro.
In some embodiments, R? is selected from H and methyl, and R® is H.

In some embodiments, R? and R® together with the carbon atom to which they are attached

are cyclopropyl.
In some embodiments, R* has partial structure (A):
Rd\r“‘l,{
R®
(A)
wherein

RYis selected from H, optionally substituted Cq4alkyl, optionally substituted Cy.4alkoxy,
optionally substituted C1.salkoxyCi.4alkyl, optionally substituted Cq4alkylhydroxy, optionally

substituted Cq.4alkylnitrile, optionally substituted Ci.salkylamino and optionally substituted
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(Ci4alkyl)2amino, optionally substituted cycloalkyl and optionally substituted C1.
salkylcycloalkyl; and

R® is selected from optionally substituted aryl, optionally substituted C.salkylaryl, optionally
substituted heterocyclyl, optionally substituted C1.salkylheterocyclyl, optionally substituted
cycloalkyl, and optionally substituted Cq.salkylCs.1ocycloalkyl.

In these embodiments, the compound of formula () may be provided as a compound of
formula (IV):

N

R "R® V)
wherein X, R® RY, R¢, and J are as defined for any compound herein.

In some embodiments, RY is methyl.

In some embodiments, R® is selected from optionally substituted aryl, optionally substituted
Cisalkylaryl, optionally substituted heterocyclyl, optionally substituted Ci_4alkylheterocyclyl,
optionally substituted cycloalkyl, and optionally substituted Ci.salkylCs.1ocycloalkyl.

In some embodiments, R® is selected from optionally substituted aryl, optionally substituted

cycloalkyl and optionally substituted heterocyclyl.

In some embodiments, R¢ is selected from optionally substituted aryl and optionally

substituted heteroaryl.

In some embodiments, RY is selected from optionally substituted C+.salkyl, optionally
substituted cycloalkyl and optionally substituted C1.salkylcycloalkyl. In these embodiments,
where R? and R® are not the same group, the partial structure (A) may contain a chiral centre
at the carbon to which RY and R¢ are attached. Therefore, the carbon atom to which R and
R¢ are attached may be enantiomerically enriched. In some embodiments, the carbon atom
to which RY and R¢ is attached is enriched as the (S) stereoisomer, for example when R® has
a higher ranking than R in the Cahn-Ingold-Prelog rules for stereochemical assignment. In

some embodiments, the carbon atom to which R and R¢ is attached is enriched as the (R)
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stereoisomer, for example when R® has a lower ranking than RY the Cahn-Ingold-Prelog
rules for stereochemical assignment. In some embodiments, R? is selected from optionally
substituted Cq4alkyl, and the carbon atom to which R and R® are attached is enriched in the

(S) stereoisomer.

5 In some embodiments, partial structure (A) may have the stereochemical configuration

shown in by partial structure (A1):
RY %
&
Re
(A1)

wherein R® has a higher ranking than R? in the Cahn-Ingold-Prelog rules for stereochemical
10  assignment. The inventors have surprisingly found that compounds with this configuration at
this position possess greater MLKL activity than those with other configuration(s). In some
cases, when R® has a higher ranking than R® in the Cahn-Ingold-Prelog rules for
stereochemical assignment MLKL activity may be greater than 2-fold more active than the
other corresponding stereoisomer, and in some embodiments, may be at least about 5-fold

15  or about 10-fold more active than other corresponding stereoisomer(s) for MLKL inhibition.

In some embodiments, the compound is provided as a compound of formula (S):

©)

wherein X, J and R? are as defined for formula (I) and R® and R? are as defined for partial
20  formula (A).

In some embodiments, R* is selected from any one of the following groups:
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HiCl %  HC X .

f«z %
ke SN
O, O, "NF T NP g 5L

In some embodiments, R* is selected from any one of the following groups:

cz&Hso,,,a;
6 ééééb
¥ '”“156%%7
E&%%% @ 5 ;
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In some embodiments, R* is selected from any one of the following groups:

HoC % HaCr % HoCul% HiC % HeCny  HiC X%

F F Cl Cl ,and

In some embodiments, R* is selected from any one of the following groups:

HaC % HiC. % HaCo %

, F ,and

In some embodiments, R* is:

HaCo, %
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R'and R®

In some embodiments, R' and R® are H. In some embodiments, R® is H and R' is selected

from H, methyl and isopropyl, preferably methyl.

In some embodiments, R' is selected from H, methyl and isopropyl. In some embodiments,
5 R'is methyl.

J1

In some embodiments, J is J1. In these embodiments, the compound of formula (I) may be

provided as a compound of formula (ll)

(D

10  wherein X, R% R® R* A', A2, A® and A* are as defined for formula () or any embodiment

thereof.

In embodiments where J is J1, the compound of formula (I) may also be provided as a

compound of formula (lle)

X\S’(');o
|

N HoN

RS fN
'A|\|1 -‘\\A4,J

O A%f3 R?
R? (lle)

15  wherein X, R?, R?, R*, A', A2, A® and A* are as defined for formula (I) or any embodiment

thereof.

The J1 structure, as shown below (and equivalent structures within other formulas), indicates

a conjugated fused aromatic ring system:
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\ NH,
J\,\N‘
NN
N\/ l
N S
/
R2

. NH,»
JRTS
\
R2

In compounds wherein J is J1, at least one of A', A2, A% and A? is selected from N, NR', O and

S. In some embodiments, A% is selected from N, NR', O and S.
In some embodiments, A' is C or N.

In some embodiments, A' is C.

In some embodiments, A? is selected from N and CH.

In some embodiments, A* is selected from C and N.

In some embodiments, A, A%, A® and A* are selected from the following embodiments:

No. A A? A3 A4
1 Cc CH 0O Cc
2 Cc N NMe Cc
3 c CH N N
4 c N N'Pr c
5 c N CH N
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6 Cc N S Cc
7 Cc CH S Cc
8 N CH N Cc

In some embodiments, any one of embodiment nos. 1-4 are preferred.
In some embodiments, embodiment no. 2 is preferred.

RZ

In some embodiments, R? is selected from:

@ H

(i) optionally substituted C1.4alkylamido,
(iii) optionally substituted C1.4alkylaryl,
(iv) optionally substituted C;.4alkynyl,

(v) optionally substituted aryl,

(vi) optionally substituted 5- or 6-membered heterocyclyl.
In some embodiments, R? is selected from:

(i)  optionally substituted C1.salkylamido,
(i)  optionally substituted C1.salkylaryl,
(i)  optionally substituted C;.4alkynyl,

(iv) optionally substituted aryl,

(v) optionally substituted 5- or 6-membered heterocyclyl.

In some embodiments, R? is optionally substituted with one or more group(s) (preferably 1-3
groups) selected from: halo, an optionally substituted C-salkyl, an optionally substituted Cs.
scycloalkyl, an optionally substituted Cq-salkyl-N(R'")2, -N(R'"),, an optionally substituted (C+-
salkyl).amino, an optionally substituted aryl, an optionally substituted heterocyclyl, an
optionally substituted haloheterocyclyl, an optionally substituted Cisalkylheterocyclyl, an
optionally  substituted  haloCqsalkylheterocyclyl, an  optionally substituted Ci.
salkoxyheterocyclyl, an optionally substituted acylheterocyclyl, an optionally substituted C+-
salkoxy, an optionally substituted Cq-salkyl-OH, an optionally substituted Ci-s;alkylhalo, an
optionally substituted Ci-salkylheterocyclyl, an optionally substituted Cs-salkylCs.scycloalkyl,
an optionally substituted Ci-4alkylaryl, wherein each R'" is independently selected from H,
optionally substituted C1.4alkyl and optionally substituted C1.salkylhalo, or 2 R'! together with

the nitrogen atom to which they are attached form a 3-8 membered heterocyclyl.
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In some embodiments, R? is a 5- or 6-membered heterocyclyl optionally substituted with one
or more group(s) selected from: halo, an optionally substituted Ci-galkyl, an optionally
substituted Cs.scycloalkyl, an optionally substituted Ci-salkyl-N(R'")2, -N(R'")2, an optionally
substituted (Ci-salkyl)2amino, an optionally substituted aryl, an optionally substituted
heterocyclyl, an optionally substituted haloheterocyclyl, an optionally substituted Ci.
salkylheterocyclyl, an optionally substituted haloC1.salkylheterocyclyl, an optionally substituted
Ci.salkoxyheterocyclyl, an optionally substituted acylheterocyclyl, an optionally substituted C-
salkoxy, an optionally substituted Cq-salkyl-OH, an optionally substituted Ci-s;alkylhalo, an
optionally substituted Ci-salkylheterocyclyl, an optionally substituted Cs-salkylCs.scycloalkyl,
an optionally substituted Cs-salkylaryl, wherein each R'! is independently selected from H,
optionally substituted C1.4alkyl and optionally substituted Ci.alkylhalo, or 2 R together with
the nitrogen atom to which they are attached form a 3-8 membered heterocyclyl.

In some embodiments, R? is a 5- or 6-membered heterocyclyl optionally substituted with one
or more group(s) selected from: halo, an optionally substituted Ci-galkyl, an optionally
substituted Cs.scycloalkyl, an optionally substituted aryl, an optionally substituted heterocyclyl,
an optionally substituted Ci-s;alkoxy, an optionally substituted Ci-salkyl-OH, an optionally
substituted Ci-salkylhalo, an optionally substituted Ci-salkylheterocyclyl, an optionally
substituted Ci-salkylCsscycloalkyl, an optionally substituted Ci-salkylaryl;

In some embodiments, R? is H.
In some embodiments, R? is cyano.
In some embodiments, R? is H or cyano.

In some embodiments, R? is optionally substituted C+.salkylamido or optionally substituted C,.

salkynyl.

In some embodiments, R? is selected from optionally substituted Ciqalkylaryl, optionally

substituted aryl, and optionally substituted 5- or 6-membered heterocyclyl.
In some embodiments, R? is selected from:

(i) optionally substituted aryl,

(i) a 5- or 6-membered heterocyclyl optionally substituted with one or more group(s)
selected from: halo, an optionally substituted Ci-salkyl, an optionally substituted Cs.
scycloalkyl, an optionally substituted aryl, an optionally substituted heterocyclyl, an

optionally substituted C1-salkoxy, an optionally substituted C-salkyl-OH, an optionally
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substituted Cq-salkylhalo, an optionally substituted Cs-4alkylheterocyclyl, an optionally
substituted C1-salkylCa.scycloalkyl, an optionally substituted C+-4alkylaryl.

In some embodiments, R? is a 5- or 6-membered heterocylyl selected from: pyrazolyl, pyridyl,

tetrahydropyridyl, isozazolyl, pyrimidinyl, piperidinyl and tetrahydropyranvyl,

and wherein the 5- or 6-membered heterocyclyl is optionally substituted with one
or more group(s) selected from: halo, an optionally substituted Ci-salkyl, an optionally
substituted Csscycloalkyl, an optionally substituted Ci-salkyl-N(R'")z, -N(R™),, an optionally
substituted (Ci-salkyl)2amino, an optionally substituted aryl, an optionally substituted
heterocyclyl, an optionally substituted haloheterocyclyl, an optionally substituted Ci.
salkylheterocyclyl, an optionally substituted haloC1.salkylheterocyclyl, an optionally substituted
Ci.salkoxyheterocyclyl, an optionally substituted acylheterocyclyl, an optionally substituted C+-
salkoxy, an optionally substituted Cq-salkyl-OH, an optionally substituted Ci-s;alkylhalo, an
optionally substituted Ci-salkylheterocyclyl, an optionally substituted Cs-salkylCs.scycloalkyl,
an optionally substituted Cs-salkylaryl, wherein each R'! is independently selected from H,
optionally substituted C1.4alkyl and optionally substituted C1.salkylhalo, or 2 R'! together with

the nitrogen atom to which they are attached form a 3-8 membered heterocyclyl.

In some embodiments, R? is a 5- or 6-membered heterocyclyl optionally substituted with one
or more substituent(s) selected from: halo, optionally substituted Cisalkyl, optionally
substituted Cisalkylamido, optionally substituted Ca.scycloalkyl, optionally substituted Ci.
salkylCs.scycloalkyl, optionally substituted haloCi.salkylCs.scycloalkyl, optionally substituted
aryl, optionally substituted heterocyclyl, optionally substituted C4.salkylheterocyclyl, optionally
substituted Cisalkoxy, optionally substituted Ciealkyl-OH and optionally substituted Ci.
salkylhalo. In some embodiments, the optionally substituted Cisalkylamido is provided by —C1.
salkylC(O)NRR’', wherein R* and R” are independently selected from H and optionally
substituted Cisalkyl. In some embodiments, any heterocyclyl group of these optional
substituents may be a 4-7 membered heterocyclyl (including nonaromatic heterocyclyl and

heteroaryl groups).

In some embodiments, R? is a 5- or 6-membered heterocyclyl optionally substituted with one,

two or three of any of the optional substituent(s) of R? described herein.

In some embodiments, R? is a 5- or 6-membered heterocyclyl optionally substituted with one,
two or three groups, preferably one or two groups, selected from: methyl, methoxy,

methoxyethyl, trifluoromethyl, difluoromethyl, trifluoroethyl, isopropyl, tert-butyl,
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2-hydroxyethyl, dimethylamino, cyclopentyl, oxetanyl, tetrahydrofuranyl, piperidinyl,
N-methyl-piperidinyl, tetrahydropyranyl and N-methyl-piperazinyl-2-ethyl.

In some embodiments, R? is an optionally substituted 5- or 6-membered heterocyclyl selected
from 4-pyridyl, 3-pyridyl, 4-piperidinyl, 1,4-piperazinyl, 4-tetrahydropyranyl, 2H,4H,5H-3-
piperidinyl, 3,4-pyrazolyl, 3H,5H,6 H-4-tetrahydropyranyl, 2,4-pyrimidinyl and 3,4-isoxazolyl.

In some embodiments, R? is an optionally substituted pyrazolyl, preferably a substituted
pyrazolyl, more preferably a mono-substituted pyrazolyl. Preferably, the mono-substituted

pyrazolyl is substituted at N.

In some embodiments, R? is a 5- or 6-membered heterocyclyl optionally substituted with one
or more group(s) selected from: optionally substituted Ci-4alkylhalo, optionally substituted
heterocyclyl, optionally substituted Ci.salkylheterocyclyl and optionally substituted haloCi.
salkylheterocyclyl. In these embodiments, the 5- or 6-membered heterocyclyl is preferably
selected from pyrazolyl, pyridyl, tetrahydropyridyl, isozazolyl, pyrimidinyl, piperidinyl and
tetrahydropyranyl, more preferably pyrazolyl, most preferably N-substituted-pyrazolyl.

In some embodiments, R? is a 5- or 6-membered heterocyclyl optionally substituted with one
or more group(s) selected from: optionally substituted Ci-4alkylhalo, optionally substituted
heterocyclyl, optionally substituted Ci.salkylheterocyclyl and optionally substituted haloCi.
salkylheterocyclyl,

wherein the optionally substituted Ci-salkylhalo, optionally substituted
heterocyclyl, optionally substituted Ci.salkylheterocyclyl and optionally substituted haloCi.
salkylheterocyclyl; are optionally substituted with one or more substituent(s) selected from C;-
salkyl and Csscycloalkyl. In these embodiments, the 5- or 6-membered heterocyclyl is
preferably selected from pyrazolyl, pyridyl, tetrahydropyridyl, isozazolyl, pyrimidinyl, piperidinyl

and tetrahydropyranyl, more preferably pyrazolyl, most preferably N-substituted-pyrazolyl.
In some embodiments, R? is an optionally substituted 6-membered non-aromatic heterocyclyl.

In some embodiments, R? is a 5- or 8-membered heterocyclyl comprising at least 1 nitrogen
heteroatom. In some embodiments, R? is a 5- or 6-membered heterocyclyl comprising at least
1 oxygen heteroatom. In some embodiments, R? is a 5- or 6-membered heterocyclyl
comprising at least 1 nitrogen and at least 1 oxygen heteroatom. In some embodiments, R?

is a 5- or 6-membered heterocyclyl comprising 2 nitrogen heteroatoms.

In some embodiments, R? is an optionally substituted fused heterocyclyl.
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In some embodiments, R? is an optionally substituted 5- or 6-membered heteroaryl.
In some embodiments, R? is an optionally substituted pyridyl.

In some embodiments, R? is an optionally substituted isoxazolyl.

In some embodiments, R? is an optionally substituted morpholinyl.

In some embodiments, R? is an optionally substituted pyrimidiny!.

In some embodiments, R? is an optionally substituted pyrrolyl.

In some embodiments, R? is an optionally substituted 1,3-dihydro-2H-benzo[d]imidazol-2-one,

preferably including methyl substitution.
In some embodiments, R? is an optionally substituted 1-methylindolinyl-2-one.
In some embodiments, R? is an optionally substituted 1-methyl-1H-indazolyl.

In some embodiments, R? is enriched with one or more of the following minor isotopes: 2H, °H,
13C, 1C, N and/or 7O, preferably 2H.

In some embodiments, R? is an optionally substituted Cz.alkynyl. The Cz.ialkynyl may
optionally be substituted with one or more groups (preferably 1 group) selected from optionally
substituted Cs.scycloalkyl, optionally substituted haloCs.scycloalkyl, optionally substituted (C.
salkyl)1.3Ca.scycloalkyl, optionally substituted heterocyclyl, optionally substituted halo
heterocyclyl, optionally substituted (Cisalkyl)isheterocyclyl and optionally substituted (Ci.
salkylhalo)s.sheterocyclyl.

In some embodiments, R? is an optionally substituted Casalkynyl. The Casalkynyl may
optionally be substituted with one or more groups (preferably 1 group) selected from optionally
substituted Cs.scycloalkyl, optionally substituted haloCs.scycloalkyl, optionally substituted (C.
salkyl)1.3Ca.scycloalkyl, optionally substituted heterocyclyl, optionally substituted halo
heterocyclyl and optionally substituted (C1.salkyl)s.sheterocyclyl.

In some embodiments, R? is selected from: H, cyano, methyl, 3-pyridyl, 4-pyridyl, benzyl,
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In some embodiments, R? is selected from: H, methyl, 3-pyridyl, 4-pyridyl, benzyl,
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In some embodiments, R? comprises a basic moiety (such as an optionally substituted

amine including an optionally substituted cyclic amine).

In some embodiments, R? comprises a nitrogen-containing heterocyclyl and the nitrogen
atom of these cyclic amines may be optionally substituted with a group selected from C;.

10  salkyl and a substituted ketone (such as acyl).
In some embodiments, R? is represented by the following partial formula:

-G-(R)w
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wherein
G is selected from:

(i) Cisalkylamido,
(i) Ciaalkylaryl,
5 (i) Casalkynyl,
(iv) aryl,
(v) 5- or 6-membered heterocyclyl

each R'% is independently selected from: halo, an optionally substituted C1-salkyl, an optionally
substituted Cs.scycloalkyl, an optionally substituted aryl, an optionally substituted heterocyclyl,

10  an optionally substituted Ci-4alkoxy, an optionally substituted Ci-salkyl-OH, an optionally
substituted Ci-salkylhalo, an optionally substituted Ci-salkylheterocyclyl, an optionally
substituted C+-4alkylCs.scycloalkyl, an optionally substituted C+-salkylaryl; and

w is an integer from 0-3.

Accordingly, in some embodiments, the compound is provided as a compound of formula
15 (lIA) or (IIB):

2
dz0

X\

RY “R® (IIB)
wherein A", A2, A%, A4 R3 R* RY Re, G, wand R0 are as defined herein.

In some embodiments, G is a Czisalkynyl. In some embodiments, G is ethynyl and w is 1.
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In some embodiments, G is a 6-membered heterocyclyl. In these embodiments, G may be a
6-membered non-aromatic heterocyclyl or a 6-membered heteroaryl. In these embodiments,
each R'® may be independently selected from halo, an optionally substituted C-salkyl, an
optionally substituted Ci-salkoxy, an optionally substituted C1-salkylhalo and an optionally

substituted (C1salkyl).amine. Typically, in these embodiments, w is 1.

In some embodiments, G is a 6-membered non-aromatic heterocyclyl comprising a
heteroatom selected from N and O. When the heteroatom is N, R'® is preferably bonded to

an N ring atom.

In some embodiments, G is a 5-membered heterocyclyl. In these embodiments, G may be a
5-membered non-aromatic heterocyclyl or a 5-membered heteroaryl. In some embodiments,

the 5-membered heterocyclyl may comprise heteroatom(s) selected from N and O.

In some embodiments, G is a 5- or 6-membered heterocyclyl comprising at least 1 oxygen
heteroatom. In some embodiments, G is a 5- or 6-membered heterocyclyl comprising at least
1 nitrogen and at least 1 oxygen heteroatom. In some embodiments, G is a 5- or 6-membered

heterocyclyl comprising 2 nitrogen heteroatoms.
In some embodiments, G is an optionally substituted fused heterocyclyl

In some embodiments, G is selected from morpholinyl, pyrimidinyl, pyrrolyl, 1,3-dihydro-2H-
benzo[d]imidazol-2-one, 1-methylindolinyl-2-one, 1-methyl-1H-indazolyl, pyrazolyl and

isoxazolyl.
In some embodiments, G is selected from pyrazolyl and isoxazolyl.

In some embodiments, G is pyrazolyl. In these embodiments, R'® may be bonded to a
nitrogen ring atom. In these embodiments, R? may be represented by the following partial

formula:

In these embodiments, the compound may be provided as a compound of formula (lIC) or
(IID):



WO 2023/115142 PCT/AU2022/051568
41

(D)
wherein A", A%, A%, A4 R% R* RY Re¢and R are as defined herein.

In some embodiments, R is selected from Cqsalkyl, heterocyclyl, Csalkyl-OH, C1salkyl-

5 NH,, CisalkoxyCisalkyl, Csscycloalkyl, wherein the heterocyclyl and Cs.scycloalkyl may be
further substituted with one or more groups (preferably 1-3 groups, most preferably 1 group)
selected from Cqsalkyl, haloCq.salkyl, Cisalkoxy, Cisalkyl-OH, CisalkoxyCisalkyl, halo,
Cisalkyl-NH2, Cisalkylketone (eg acyl) and -NH..

In some embodiments, R'° is heterocyclyl or alkylheterocyclyl optionally substituted with one

10  or more groups (preferably 1-3 groups, most preferably 1 group) selected from Cqsalkyl,
haloC1.salkyl, Ci.salkoxy, Cisalkyl-OH, Cq.salkoxyCi.salkyl, halo, Cisalkyl-NHa, C1.
salkylketone (eg acyl) and -NH..

When R'% is a group comprising a heterocyclyl moiety, the heterocyclyl may preferably be a
4-8 membered heterocyclyl, preferably comprising one heteroatom selected from N and O,
15  preferably N.

In some embodiments, R'? is an optionally substituted heterocyclyl selected from an
optionally substituted spirocyclic heterocyclyl, optionally substituted fused heterocyclyl or an
optionally substituted bridged heterocyclyl. In some embodiments, R is an optionally

substituted heterocyclyl selected from an optionally substituted spirocyclic heterocyclyl or an
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optionally substituted bridged heterocyclyl. Preferred optional substituents of the spirocyclic,

fused and bridged heterocyclyl groups include Cq.salkyl and haloCqsalkyl.

In some embodiments, R'? is enriched with one or more of the following minor isotopes: 2H,
%H, 13C, '*C, *N and/or 7O, preferably ?H

In some embodiments, R'° is selected from: methyl, difluoromethyl, trifluoromethyl, methoxy,
tert-butyl, phenyl, acyl, dimethylamino, tetrahydropyranyl, tetrahydrofuranyl, oxetanyl,
hydroxyethyl, methoxyethyl, isopropyl, cyclopentyl, difluorocyclopenyl, piperidinyl, N-
methylpiperidinyl, N-acetylpiperidine, azetidinyl,

3

dw§ ﬁd\v‘“{/mz '3
S
IRl e e ey

N N
N /" CH N ( N N N N
/ £/ CF, / / / /
“,
Q
CF3

Fa_nun—/ H

and /N

In some embodiments, R'° is selected from: methyl, difluoromethyl, trifluoromethyl, methoxy,
tert-butyl, phenyl, acyl, dimethylamino, tetrahydropyranyl, tetrahydrofuranyl, oxetanyl,
hydroxyethyl, methoxyethyl, isopropyl, cyclopentyl, difluorocyclopenyl, piperidinyl, N-
methylpiperidinyl, N-acetylpiperidine, azetidinyl,
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In some embodiments, R' is selected from Csscycloalkyl, aryl and 4-8 membered

, and CH3

heterocyclyl, each of which may be optionally substituted with 1-3 groups selected from Ci.
5  alkyl, Ciaalkyl-OH, Ci4alkyl-NR'R”, wherein R’ and R” are independently selected from H
and Cq.4alkyl, haloC1.salkyl, halo, Ci.salkoxy, and Cq.salkoxyCq.salkyl.

In some embodiments, w is 0 or 1.
In some embodiments, w is selected from 0, 1 and 3.

In these embodiments, the compound may be provided as a compound of formula (IIF) or
10 (IG):

X\S’go
N

(IIF); or
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(G)
wherein A", A2, A3, A*, R®, R* RYand R® are as defined herein;

R'2is one or more groups independently selected from H, C1salkyl, C.salkenyl, C2salkynyl,
Csscycloalkyl, hydroxyl, oxo, Ci.salkoxy, aryloxy, Ci.salkoxyaryl, halo, Csealkylhalo, Ci.
salkoxyhalo and amino; and

R is selected from H, C1.salkyl and haloC1salkyl.

In some embodiments, R'? is one or more groups independently selected from H, Cqsalkyl
and Csscycloalkyl. In some embodiments, R'? is one or more groups independently selected
from H, Csalkyl and Cs.scycloalkyl; preferably Calkyl and Cscycloalkyl.

In some embodiments, R'2 substitutes the carbon alpha to the piperidyl nitrogen.

In some embodiments, R'® is selected from H, Cqsalkyl and haloCq.salkyl; preferably
Ci-salkyl; more preferably Cqalkyl.

J2

In some embodiments, J is J2. In these embodiments, the compound of formula (I) may be
provided as a compound of formula (l11)
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i

N H2N
R3” =N

NH
0 E ~
R4 AS _ AS
R® (1)

wherein X, R®, R*, R®, A% and A® are as defined for formula (I) and any embodiment thereof
described herein.

In some embodiments, A is CH.

In some embodiments, A% is N.

In some embodiments, A% is N.

In some embodiments, A® is CR2.

In some embodiments, A®is N and A® is N.

In some embodiments, A% is CH and Afis N.

In some embodiments, A%is N and A® is CR2.

In some embodiments, at least one of A% and A®is N.

In some embodiments, R%is H.

In some embodiments, the compound is selected from compounds 1-173 described herein.
In some embodiments, the compound is selected from compounds 1-125 described herein.

In some embodiments, the compound is selected from compounds 113, 116, 145, 154, 155,
170 and 171 described herein.

Typically, the compounds of the invention may be prepared by techniques known in the art.

In another aspect, there is also provided a process for preparing a compound of formula (1)
or a salt, solvate, tautomer, N-oxide, sterecisomer and/or prodrug thereof. In some

embodiments, the process comprises any of the following 4 steps:
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¢ reacting a compound of formula (V) with a compound of formula (VI)
HoN

\ /7

R0 ; X LG

\Y \
wherein X, J and R* are as defined for formula (I) and
LG is a leaving group, such as halo. The leaving group may be any that is capable of
activating the sulphonyl moiety of the compound of formula (VI) as an electrophile
5 capable of reacting under appropriate conditions with the free aniline nitrogen of the
compound of formula (V).

¢ reacting a compound of formula (V1) with a compound of formula (VIII)

X\é(');o
N
R3 E2—J
O E’
R4
VII Wl

wherein X, R®, R* and J are as defined for formula (I) or any embodiment thereof;
E' and E? are an electrophilic pair suitable to direct a palladium catalysed cross-

10 coupling reaction. In some embodiments, E' and E? are selected from halo, a boronic
acid, a boronic ester and triflate, or a group capable of conversion to any of these
moieties, such as hydroxyl, a mixed anhydride, tetrafluorophenyl ether, etc. In some
embodiments, E' is halo, and E? is selected from a boronic acid, a boronic ester and
triflate. In some embodiments, E? is halo, and E' is selected from a boronic acid, a

15 boronic ester and triflate;

¢ reacting a compound of formula (IX) with a compound of formula (X)

E4_R2
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wherein X, R%, R®, R*, A", A2, A® and A* are as defined for formula (I) or any
embodiment thereof;

E? and E* are an electrophilic pair suitable to direct a palladium catalysed cross-
coupling reaction. In some embodiments, E2 and E* are selected from halo, a boronic
acid, a boronic ester and triflate, or a group capable of conversion to any of these
moieties, such as hydroxyl, a mixed anhydride, tetrafluorophenyl ether, etc. In some
embodiments, E? is halo, and E? is selected from a boronic acid, a boronic ester and
triflate. In some embodiments, E* is halo, and E® is selected from a boronic acid, a
boronic ester and triflate;

¢ converting a compound of formula (I) into one of its salts.

In some embodiments of the above process, reactive moieties in the compounds of formulas

(V)-(X) are functionalised with an appropriate protecting group.
Embodiments of these steps are shown in the General Schemes below.

The specific reagents and conditions for effecting each of these steps will depend on the
specific substituents selected for each reaction partner. The skilled person would readily
appreciate how to determine and/or optimise these reagents and conditions. Similarly, where
a starting material is not commercially available, the skilled person would be able to design
and implement its preparation based on techniques and reactions previously described.
Embodiments of these steps are provided in the Examples with reference to specific

compounds described herein.
Methods

In another aspect, there is provided a method for inhibiting necroptosis in a subject in need
thereof, the method comprising administering a therapeutically effective amount of a
compound according to Formula (l) or a pharmaceutically acceptable salt, solvate, tautomer,

N-oxide, stereoisomer and/or prodrug thereof.

Without wishing to be bound by theory, it is believed that the compounds of the invention
treat necroptosis by binding to the ATP-binding site of the pseudokinase domain of Mixed

Lineage Kinase Domain-like (MLKL) protein.

As used herein, the term "effective amount" means that amount of a drug or pharmaceutical
agent that will elicit the biological or medical response of a tissue, system, animal or human
that is being sought, for instance, by a researcher or clinician. Furthermore, the term

"therapeutically effective amount" means any amount which, as compared to a
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corresponding subject who has not received such amount, results in improved treatment,
healing, prevention, or amelioration of a disease, disorder, or side effect, or a decrease in
the rate of advancement of a disease or disorder. The term also includes within its scope

amounts effective to enhance normal physiological function.

In one embodiment of the present disclosure, administration of a compound according to
Formula (I) inhibits a conformational change of MLKL. In another embodiment, the
conformational change of MLKL involves release of the four-helix bundle (4HB) domain of
MLKL. In another embodiment, administration of the compound inhibits oligomerisation of
MLKL. In yet another embodiment, administration of the compound inhibits translocation of
MLKL to the cell membrane. In a further embodiment, administration of the compound
inhibits a conformational change of MLKL, inhibits oligomerisation of MLKL and inhibits

translocation of MLKL to the cell membrane.

It is envisaged that some compounds of the present disclosure can bind to MLKL in various

species and inhibit necroptosis.

As used herein, the term “pseudokinase domain” as understood by a person skilled in the
art, means a protein containing a catalytically-inactive or catalytically-defective kinase
domain. “Pseudokinase domains” are often referred to as “protein kinase-like domains” as
these domains lack conserved residues known to catalyse phosphoryl transfer. It would be
understood by a person sKkilled in the art that although pseudokinase domains are predicted
to function principally as catalysis independent protein-interaction modules, several
pseudokinase domains have been attributed unexpected catalytic functions. Accordingly, in
the present disclosure the term “pseudokinase domain” includes “pseudokinase domains”

which lack kinase activity and “pseudokinase domains” which possess weak kinase activity.

As used herein, the term “ATP-binding site” as understood by a person skilled in the art,
means a specific sequence of protein subunits that promotes the attachment of ATP to a
target protein. An ATP binding site is a protein micro-environment where ATP is captured
and hydrolyzed to ADP, thereby releasing energy that is utilized by the protein to work by
changing the protein shape and/or making the enzyme catalytically active. In pseudokinase
domains, the “ATP-binding site” is often referred to as the “pseudoactive site”. The term
“*ATP-binding site” may also be referred to as a “nucleotide-binding site” as binding at this
site includes the binding of nucleotides other than ATP. It would be understood by a person
skilled in the art that the term “nucleotide” includes any nucleotide. Exemplary nucleotides
include, but are not limited to, AMP, ADP, ATP, AMPPNP, GTP, CTP and UTP.
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As described herein, inhibition of necroptosis includes both complete and partial inhibition of
necroptosis. In one embodiment, inhibition of necroptosis is complete inhibition. In another

embodiment, inhibition of necroptosis is partial inhibition.

Binding of the compound to the ATP-binding site of the pseudokinase domain of MLKL may
inhibit phosphorylation of MLKL by an effector kinase or binding of the compound to the
ATP-binding site of the pseudokinase domain of MLKL may not inhibit phosphorylation of
MLKL by an effector kinase. The present disclosure demonstrates that compounds that bind
to the ATP-binding site of the pseudokinase domain of the MLKL protein, as described
herein, can inhibit necroptosis without inhibiting phosphorylation of MLKL by an effector
kinase. In one embodiment, binding of the compound to the ATP-binding site of the
pseudokinase domain of MLKL does not inhibit phosphorylation of MLKL by an effector
kinase. In another embodiment, binding of the compound to the ATP-binding site of the

pseudokinase domain of MLKL inhibits phosphorylation of MLKL by an effector kinase.

RIP1, RIP3 and MLKL are three proteins implicated in the necroptotic pathway. Upon
necroptotic stimulus (e.g. using the combination of TNF, SMAC mimetic and QVD-OPh on
suitable cell lines), RIP1 is auto-phosphorylated leading to association with RIP3, which in
turn auto-phosphorylates itself. Activated RIP3 phosphorylates MLKL leading to a putative
conformational change that triggers its necroptotic activity (Murphy, Immunity, 39, pp 443 -
453, 2013). MLKL acts downstream of RIP1 and RIP3, and is therefore understood to be a
key effector of necroptosis. Compounds of this invention may bind to MLKL and block this

conformational change or any other key event in its activation.

The compounds of the invention may be selective for MLKL. In some embodiments, the
compounds of the invention are selective for MLKL over RIP1. In some embodiments, the
compounds of the invention are selective for MLKL over RIP3. In some embodiments, the
compounds of the invention are selective for MLKL over RIP1 and RIP3. A selective
compound may have 5-fold, 10-fold, 50-fold, 100-fold, 500-fold, 1000-fold or greater
selectivity for MLKL compared to RIP1 and/or RIP3. Typically, the relative selectivity may be
assessed by comparing Kp values for each respective compound binding to the relevant
protein (ie MLKL and either or both of RIP1 and RIP3). Suitable assay conditions are
described in the Examples below. Compounds selective for MLKL may avoid undesired side-

effects associated with RIP1 and/or RIP3 loss of function.

In another aspect, there is provided use of a compound of Formula (l) a pharmaceutically
acceptable salt, solvate, tautomer, N-oxide, sterecisomer and/or prodrug thereof in the

preparation of a medicament for the inhibition of necroptosis in a subject.
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In another aspect, there is provided use of a composition comprising a compound of
Formula (I) or a pharmaceutically acceptable salt, solvate, tautomer, N-oxide, sterecisomer

and/or prodrug thereof for the inhibition of necroptosis in a subject.

In another aspect, there is provided use of a compound of Formula (I) or a pharmaceutically
acceptable salt, solvate, tautomer, N-oxide, sterecisomer and/or prodrug thereof for

inhibiting necroptosis.

In another aspect, there is provided use of a composition comprising a compound of
Formula (I) or a salt, solvate, tautomer, N-oxide, sterecisomer and/or prodrug thereof for

inhibiting necroptosis.

In yet another aspect, there is provided a compound according to Formula (1) or a salt,
solvate, tautomer, N-oxide, stereoisomer and/or prodrug thereof for use in inhibiting

necroptosis.

In yet another aspect, there is provided a composition comprising a compound according to
Formula (I) or a pharmaceutically acceptable salt, solvate, tautomer, N-oxide, sterecisomer
and/or prodrug thereof for use in inhibiting necroptosis. In some embodiments, the

composition is a pharmaceutical composition.

In yet another aspect, there is provided a compound according to Formula (l) or a
pharmaceutically acceptable salt, solvate, tautomer, N-oxide, stereoisomer and/or prodrug

thereof when used for inhibiting necroptosis.

In yet another aspect, there is provided a composition comprising a compound according to
Formula (I) or a pharmaceutically acceptable salt, solvate, tautomer, N-oxide, sterecisomer

and/or prodrug thereof when used for inhibiting necroptosis.

In another aspect, there is provided a method of inhibiting MLKL, comprising contacting a
cell with an effective amount of a compound of formula (1) or a salt, solvate, tautomer, N-

oxide, sterecisomer and/or prodrug thereof.

The salts of the compounds of Formula (1) are preferably pharmaceutically acceptable, but it
will be appreciated that non-pharmaceutically acceptable salts also fall within the scope of
the present disclosure, for example, as these may be useful as intermediates in the
preparation of pharmaceutically acceptable salts or in methods not requiring administration

to a subject.
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The term “pharmaceutically acceptable” may be used to describe any salt, solvate, tautomer,
N-oxide, stereoisomer and/or prodrug thereof, or any other compound which upon
administration to a subject, is capable of providing (directly or indirectly) a compound of
Formula (I) or an active metabolite or residue thereof and typically that is not deleterious to

the subject.

Suitable pharmaceutically acceptable salts include, but are not limited to, salts of
pharmaceutically acceptable inorganic acids such as hydrochloric, sulphuric, phosphoric,
nitric, carbonic, boric, sulfamic, and hydrobromic acids, or salts of pharmaceutically
acceptable organic acids such as acetic, propionic, butyric, tartaric, maleic, hydroxymaleic,
fumaric, malic, citric, lactic, mucic, gluconic, benzoic, succinic, oxalic, phenylacetic,
methanesulphonic, toluenesulphonic, benzenesulphonic, salicylic, sulphanilic, aspartic,
glutamic, edetic, stearic, palmitic, oleic, lauric, pantothenic, tannic, ascorbic and valeric

acids.

Base salts include, but are not limited to, those formed with pharmaceutically acceptable
cations, such as sodium, potassium, lithium, calcium, magnesium, zinc, ammonium,
alkylammonium such as salts formed from triethylamine, alkoxyammonium such as those
formed with ethanolamine and salts formed from ethylenediamine, choline or amino acids
such as arginine, lysine or histidine. General information on types of pharmaceutically
acceptable salts and their formation is known to those skilled in the art and is as described in
general texts such as “Handbook of Pharmaceutical salts” P.H.Stahl, C.G.Wermuth, 1st
edition, 2002, Wiley-VCH.

In the case of compounds that are solids, it will be understood by those skilled in the art that
the inventive compounds, agents and salts may exist in different crystalline or polymorphic
forms, all of which are intended to be within the scope of the present invention and specified

formulae.

The invention includes all crystalline forms of a compound of Formula (1) including
anhydrous crystalline forms, hydrates, solvates and mixed solvates. If any of these
crystalline forms demonstrates polymorphism, all polymorphs are within the scope of this

invention.

Formula (I) is intended to cover, where applicable, solvated as well as unsolvated forms of
the compounds. Thus, Formula (l) includes compounds having the indicated structures,
including the hydrated or solvated forms, as well as the non-hydrated and non-solvated

forms.
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The compounds of Formula (I) or salts, tautomers, N-oxides, polymorphs or prodrugs thereof
may be provided in the form of solvates. Solvates contain either stoichiometric or non-
stoichiometric amounts of a solvent, and may be formed during the process of crystallization
with pharmaceutically acceptable solvents such as water, alcohols such as methanol,
ethanol or isopropyl alcohol, DMSO, acetonitrile, dimethyl formamide (DMF), acetic acid, and
the like with the solvate forming part of the crystal lattice by either non-covalent binding or by
occupying a hole in the crystal lattice. Hydrates are formed when the solvent is water,
alcoholates are formed when the solvent is alcohol. Solvates of the compounds of the
present invention can be conveniently prepared or formed during the processes described
herein. In general, the solvated forms are considered equivalent to the unsolvated forms for

the purposes of the invention.

Basic nitrogen-containing groups may be quarternised with such agents as Cisalkyl halide,
such as methyl, ethyl, propyl, and butyl chlorides, bromides and iodides; dialkyl sulfates like

dimethyl and diethyl sulfate; and others.
Nitrogen containing groups may also be oxidised to form an N-oxide.

The compound of Formula (1) or salts, tautomers, N-oxides, solvates and/or prodrugs thereof
that form crystalline solids may demonstrate polymorphism. All polymorphic forms of the
compounds, salts, tautomers, N-oxides, solvates and/or prodrugs are within the scope of the

invention.

The compound of Formula (I) may demonstrate tautomerism. Tautomers are two
interchangeable forms of a molecule that typically exist within an equilibrium. Any tautomers
of the compounds of Formula () are to be understood as being within the scope of the

invention.

The compound of Formula (I) may contain one or more stereocentres. All stereoisomers of
the compounds of formula () are within the scope of the invention. Sterecisomers include
enantiomers, diastereomers, geometric isomers (E and Z olephinic forms and cis and frans
substitution patterns) and atropisomers. In some embodiments, the compound is a
stereoisomerically enriched form of the compound of formula (I) at any stereocentre. The
compound may be enriched in one stereoisomer over another by at least about 60, 70, 80,
90, 95, 98 or 99%.

The compound of Formula (I) or its salts, tautomers, solvates, N-oxides, and/or
stereoisomers, may be isotopically enriched with one or more of the isotopes of the atoms

present in the compound. For example, the compound may be enriched with one or more of
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the following minor isotopes: 2H, ®H, '3C, '#C, >N and/or 7O, preferably 2H. An isotope may

be considered enriched when its abundance is greater than its natural abundance.

A "prodrug" is a compound that may not fully satisfy the structural requirements of the
compounds provided herein, but is modified in vivo, following administration to a subject or
patient, to produce a compound of formula (l) provided herein. For example, a prodrug may
be an acylated derivative of a compound as provided herein. Prodrugs include compounds
wherein hydroxy, carboxy, amine or sulfhydryl groups are bonded to any group that, when
administered to a mammalian subject, cleaves to form a free hydroxy, carboxy, amino, or
sulfhydryl group, respectively. Examples of prodrugs include, but are not limited to, acetate,
formate, phosphate and benzoate derivatives of alcohol and amine functional groups within
the compounds provided herein. Prodrugs of the compounds provided herein may be
prepared by modifying functional groups present in the compounds in such a way that the

modifications are cleaved in vivo to generate the parent compounds.

Prodrugs include compounds wherein an amino acid residue, or a polypeptide chain of two
or more (eg, two, three or four) amino acid residues which are covalently joined to free
amino, and amido groups of compounds of Formula (). The amino acid residues include the
20 naturally occurring amino acids commonly designated by three letter symbols and also
include, 4-hydroxyproline, hydroxylysine, demosine, isodemosine, 3-methylhistidine, norvlin,
beta-alanine, gamma-aminobutyric acid, citrulline, homocysteine, homoserine, ornithine and
methionine sulfone. Prodrugs also include compounds wherein carbonates, carbamates,
amides and alkyl esters which are covalently bonded to the above substituents of Formula (1)

through the carbonyl carbon prodrug sidechain.

Pharmaceutical compositions may be formulated from compounds according to Formula (1)
for any appropriate route of administration including, for example, oral, rectal, nasal, vaginal,
topical (including transdermal, buccal, ocular and sublingual), parenteral (including
subcutaneous, intraperitoneal, intradermal, intravascular (for example, intravenous),
intramuscular, spinal, intracranial, intrathecal, intraocular, periocular, intraorbital,
intrasynovial and intraperitoneal injection, intracisternal injection as well as any other similar
injection or infusion techniques), inhalation, insufflation, infusion or implantation techniques

(e.g., as sterile injectable aqueous or non-aqueous solutions or suspensions).

In certain embodiments, compositions in a form suitable for oral use or parenteral use are
preferred. Suitable oral forms include, for example, tablets, troches, lozenges, aqueous or
oily suspensions, dispersible powders or granules, emulsions, hard or soft capsules, or

syrups or elixirs. For intravenous, intramuscular, subcutaneous, or intraperitoneal
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administration, one or more compounds may be combined with a sterile aqueous solution
which is preferably isotonic with the blood of the recipient. Such formulations may be
prepared by dissolving solid active ingredient in water containing physiologically compatible
substances such as sodium chloride or glycine, and having a buffered pH compatible with
physiological conditions to produce an aqueous solution, and rendering said solution sterile.
The formulations may be present in unit or multi-dose containers such as sealed ampoules
or vials. Examples of components are described in Martindale — The Extra Pharmacopoeia
(Pharmaceutical Press, London 1993), and Remington: The Science and Practice of
Pharmacy, 21st Ed., 2005, Lippincott Williams & Wilkins. All methods include the step of
bringing the active ingredient, for example a compound defined by Formula (I), or a
pharmaceutically acceptable salt or prodrug thereof, into association with the carrier which
constitutes one or more accessory ingredients. In general, the pharmaceutical compositions
are prepared by uniformly and intimately bringing the active ingredient, for example a
compound defined by Formula (1), or a pharmaceutically acceptable salt or prodrug thereof,
into association with a liquid carrier or a finely divided solid carrier or both, and then, if
necessary, shaping the product into the desired formulation. In the pharmaceutical
composition the active object compound is included in an amount sufficient to produce the
desired effect. In some embodiments, the method of the invention comprises administering a
pharmaceutical comprising a compound of Formula (I) or a pharmaceutically acceptable salt

or solvate thereof and a pharmaceutically acceptable carrier, diluent and/or excipient.

In the context of this specification the term “administering” and variations of that term
including “administer” and “administration”, includes contacting, applying, delivering or
providing a compound or composition of the invention to an organism, or a surface by any

appropriate means.

For the inhibition of necroptosis, the dose of the biologically active compound according to
the invention may vary within wide limits and may be adjusted to individual requirements.
Active compounds according to the present invention are generally administered in a
therapeutically effective amount. The daily dose may be administered as a single dose or in
a plurality of doses. The amount of active ingredient that may be combined with the carrier
materials to produce a single dosage form will vary depending upon the subject treated and

the particular mode of administration.

It will be understood, however, that the specific dose level for any particular subject will
depend upon a variety of factors including the activity of the specific compound employed,
the age, body weight, general health, sex and diet of the subject, time of administration,

route of administration, and rate of excretion, drug combination (i.e. other drugs being used
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to treat the subject), and the severity of the particular disorder undergoing therapy. Such
treatments may be administered as often as necessary and for the period of time judged
necessary by the treating physician. A person skilled in the art will appreciate that the
dosage regime or therapeutically effective amount of the compound of formula (I) to be

administered may need to be optimized for each individual.

It will also be appreciated that different dosages may be required for treating different
disorders. An effective amount of an agent is that amount which causes a statistically

significant decrease in necroptosis.

For in vitro analysis, the necroptosis inhibition may be determined by assays used to

measure TSQ-induced necroptosis, as described in the biological tests defined herein.

The terms “treating”, “treatment” and “therapy” are used herein to refer to curative therapy,
prophylactic therapy and preventative therapy. Thus, in the context of the present disclosure
the term “treating” encompasses curing, ameliorating or tempering the severity of

necroptosis and/or associated diseases or their symptoms.

“Preventing” or "prevention" means preventing the occurrence of the necroptosis or
tempering the severity of the necroptosis if it develops subsequent to the administration of

the compounds or pharmaceutical compositions of the present invention.

“Subject” includes any human or non-human animal. Thus, in addition to being useful for
human treatment, the compounds of the present invention may also be useful for veterinary
treatment of mammals, including companion animals and farm animals, such as, but not

limited to dogs, cats, horses, cows, sheep, and pigs.

The term “inhibit” is used to describe any form of inhibition that results in prevention,
reduction or otherwise amelioration of necroptosis and/or MLKL function, including complete

and partial inhibition.

The compounds of the present invention may be administered along with a pharmaceutical

carrier, diluent and/or excipient as described above.

The methods of the present disclosure can be used to prevent or treat the following

disease(s), condition(s) and/or disorder(s) in a subject:

¢ diseases of the bones, joints, connective tissue and of cartilage, such as
osteoporosis, osteomyelitis including chronic recurrent multifocal osteomyelitis,

arthritises including for example osteoarthritis, rheumatoid arthritis and psoriatic
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arthritis, avascular necrosis, progressive fibrodysplasia ossificans, rickets, Cushing's

syndrome;

muscular diseases such as muscular dystrophy, such as for example Duchenne's

muscular dystrophy, myotonic dystrophies, myopathies and myasthenias;

diseases of the skin, such as dermatitis, eczema, psoriasis, aging or even alterations

of scarring;

cardiovascular diseases such as cardiac and/or vascular ischemia, myocardial
infarction, ischemic cardiopathy, chronic or acute congestive heart failure, cardiac
dysrythmia, atrial fibrillation, ventricular fibrillation, paroxystic tachycardia, congestive
heart failure, hypertrophic cardiopathy, anoxia, hypoxia, secondary effects due to

therapies with anti-cancer agents;

circulatory diseases such as atherosclerosis, arterial scleroses and peripheral

vascular diseases, strokes including cerebrovascular strokes, aneurisms;

haematological and vascular diseases such as: anemia, aplastic anemia, vascular
amyloidosis, haemorrhages, drepanocytosis, red cell fragmentation syndrome,
neutropenia, leukopenia, medullar aplasia, pantocytopenia, thrombocytopenia,

haemophilia;

lung diseases including pneumonia, asthma; obstructive chronic diseases of the
lungs such as for example chronic obstructive pulmonary disease (COPD), chronic

bronchitis and emphysema;

diseases of the gastro-intestinal tract, such as ulcers; inflammatory bowel diseases

(IBD), including Crohn’s disease, ulcerative colitis;

diseases of the liver such as for example hepatitis particularly hepatitis of viral origin
or having as causative agent other infectious agents, auto-immune hepatitis,
fulminating hepatitis, inflammatory hepatitis, certain hereditary metabolic disorders,
Wilson's disease, cirrhoses, non-alcoholic fatty liver disease (NAFLD) including non-
alcoholic hepatic steatosis and/or non-alcoholic steatohepatitis (NASH), diseases of
the liver due to toxins and to drugs such as drug-induced liver injury, ethanol (or

alcohol)-induced liver disease;

diseases of the pancreas such as for example acute or chronic pancreatitis;
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metabolic diseases such as diabetes, including diabetes mellitus, pre-diabetes and

insipid diabetes; thyroiditis;

diseases of the kidneys such as acute renal disorders (such as acute kidney injury

(AKI), including ischaemic reperfusion injury (IRI)) or glomerulonephritis;

viral and bacterial infections such as septicemia;

severe intoxications by chemicals, toxins or drugs;

degenerative diseases associated with the Acquired Immune Deficiency Syndrome
(AIDS);

disorders associated with aging such as the syndrome of accelerated aging;

inflammatory diseases such as Terminal ileitis including Crohn's disease, rheumatoid

polyarthritis, TNF-induced systemic inflammatory syndrome;

auto-immune diseases such as erythematous lupus (including systemic lupus
erythematosus), cleavage-resistant RIPK1-induced autoinflammatory (CRIA)

syndrome;

dental disorders such as those resulting in degradation of tissues such as for

example periodontitis;

ophthalmic diseases or disorders including diabetic retinopathies, glaucoma, macular
degenerations, retinal degeneration, retinitis pigmentosa, retinal holes or tears,
retinal detachment, retinal ischemia, acute retinopathies associated with trauma,
inflammatory degenerations, post-surgical complications, medicinal retinopathies,

cataract, cone cell degeneration;

disorders of the audition tracts, such as otosclerosis and deafness induced by

antibiotics;

Ischemic reperfusion injury, including retinal ischaemic reperfusion injury;

Neuronal loss, including Alzheimer’s disease and neurodegenerative diseases such
as amyotrophic lateral sclerosis (ALS; also referred to as motor neuron disease
(MND) and Charcot disease);

PCT/AU2022/051568
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diseases associated with mitochondria (mitochondrial pathologies), such as
Friedrich's ataxia, congenital muscular dystrophy with structural mitochondrial
abnormality, certain myopathies (MELAS syndrome, MERFF syndrome, Pearson's
syndrome), MIDD (mitochondrial diabetes and deafness) syndrome, Wolfram's

syndrome, dystonia;

cancer and metastasis including but not limited to cancers of the lung and bronchus,
including non-small cell lung cancer (NSCLC), squamous lung cancer,
brochioloalveolar carcinoma (BAC), adenocarcinoma of the lung, and small cell lung
cancer (SCLC); prostate cancer, including androgen-dependent and androgen-
independent prostate cancer; breast cancer, including metastatic breast cancer;
pancreatic cancer; cancers of the colon and rectum; thyroid cancer; cancers of the
liver and intrahepatic bile duct; hepatocellular cancer; gastric cancer; endometrial
cancer; melanoma; cancers of the kidney, renal pelvis, urinary bladder, uterine
corpus and uterine cervix; ovarian cancer, including progressive epithelial or primary
peritoneal cancer; multiple myeloma; oesophageal cancer, including squamous cell
carcinoma and adenocarcinoma of the oesophagus; acute myelogenous leukemia
(AML); chronic myelogenous leukemia (CML), including accelerated CML and CML
blast phase (CML-BP); lymphocytic leukemia; myeloid leukemia; acute lymphoblastic
leukemia (ALL); chronic lymphocytic leukemia (CLL); Hodgkin's disease (HD); non-
Hodgkin's lymphoma (NHL), including follicular lymphoma and mantle cell lymphoma;
B-cell lymphoma, including diffuse large B-cell ymphoma (DLBCL); T-cell ymphoma,;
multiple myeloma (MM); amyloidosis; Waldenstrom's macroglobulinemia;
myelodysplastic syndromes (MDS), including refractory anemia (RA), refractory
anemia with ringed siderblasts (RARS), (refractory anemia with excess blasts
(RAEB), and RAEB in transformation (RAEB-T); and myeloproliferative syndromes;
cancers of the brain, including glioma/glioblastoma, anaplastic oligodendroglioma,
and adult anaplastic astrocytoma; neuroendocrine cancers, including metastatic
neuroendocrine tumors; cancers of the head and neck, including , e.g., squamous
cell carcinoma of the head and neck, and nasopharyngeal cancer; cancers of the oral
cavity, pharynx and small intestine; bone cancer; soft tissue sarcoma; and villous

colon adenoma; and

diseases of the central nervous system (CNS), such as multiple sclerosis (MS).

In some embodiments, the methods of the present disclosure may be for treating and/or

preventing any one or more of the diseases, conditions and/or disorders disclosed herein. For

example, in some embodiments, there is provided a method for treating and/or preventing any
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one or more of: retinal ischaemic reperfusion injury, chronic recurrent multifocal osteomyelitis,
aplastic anaemia, CRIA, ethanol-induced liver disease, NASH, inflammatory hepatitis, acute
kidney injury, IRI, multiple sclerosis, amyotrophic lateral sclerosis, Alzheimer's disease,
stroke, systemic lupus erythematosus, myocardial infarction, diabetes, Crohn’s disease,
inflammatory bowel disease and COPD, comprising administering to a subject in need thereof
an effective amount of a compound of the invention or a pharmaceutically acceptable salt,

solvate, tautomer, N-oxide, stereoisomer and/or prodrug thereof.

The methods can also be used for protecting cells, tissues and/or transplanted organs,

whether before, during (removal, transport and/or re-implantation) or after transplantation.

In some embodiments, the compound of the invention may be administered in combination
with a further active pharmaceutical ingredient (API). The APl may be any that is suitable for
treating any of the diseases, conditions and/or disorders associated with necroptosis, such as
those described herein. The compound of the invention may be co-formulated with the further
APl in any of the pharmaceutical compositions described herein, or the compound of the
invention may be administered in a concurrent, sequential or separate manner. Concurrent
administration includes administering the compound of the invention at the same time as the
other API, whether coformulated or in separate dosage forms administered through the same
or different route. Sequential administration includes administering, by the same or different
route, the compound of the invention and the other API according to a resolved dosage
regimen, such as within about 0.5, 1, 2, 3, 4, 5, or 6 hours of the other. When sequentially
administered, the compound of the invention may be administered before or after
administration of the other API. Separate administration includes administering the compound
of the invention and the other API according to regimens that are independent of each other

and by any route suitable for either active, which may be the same or different.

The methods may comprise administering the compound of Formula (1) in any
pharmaceutically acceptable form. In some embodiments, the compound of Formula (1) is
provided in the form of a pharmaceutically acceptable salt, solvate, N-oxide, polymorph,

tautomer or prodrug thereof, or a combination of these forms in any ratio.

The methods may also comprise administering a pharmaceutical composition comprising the
compound of formula (I) or a pharmaceutically acceptable salt, solvate, N-oxide, polymorph,
tautomer or prodrug thereof to the subject in need thereof. The pharmaceutical composition
may comprise any pharmaceutically acceptable carrier, diluent and/or excipient described
herein.
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The compounds of Formula (1), or a pharmaceutically acceptable salt or prodrug thereof, as
defined herein, may be administered by any suitable means, for example, orally, rectally,
nasally, vaginally, topically (including buccal and sub-lingual), parenterally, such as by
subcutaneous, intraperitoneal, intravenous, intramuscular, or intracisternal injection,
inhalation, insufflation, infusion or implantation techniques (e.g., as sterile injectable aqueous

or non-aqueous solutions or suspensions).

The compounds of the invention may be provided as pharmaceutical compositions including
those for oral, rectal, nasal, topical (including buccal and sub-lingual), parenteral
administration (including intramuscular, intraperitoneal, sub-cutaneous and intravenous), or
in a form suitable for administration by inhalation or insufflation. The compounds of Formula
(), or a pharmaceutically acceptable salt or prodrug thereof, together with a conventional
adjuvant, carrier or diluent, may thus be placed into the form of pharmaceutical compositions
and unit dosages thereof, and in such form may be employed as solids, such as tablets or
filled capsules, or liquids as solutions, suspensions, emulsions, elixirs or capsules filled with
the same, all for oral use, or in the form of sterile injectable solutions for parenteral (including

subcutaneous) use.
Also provided is a kit of parts, comprising in separate parts:

¢ acompound of Formula (I) or a pharmaceutically acceptable salt, solvate, N-
oxide, polymorph, tautomer or prodrug thereof; and

¢ instructions for its use in any of the methods of the invention.
Examples
The compounds, compositions, kits and methods described herein are described by the
following illustrative and non-limiting examples.
CHEMISTRY
Synthesis

