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DESCRIPTION

Description

[0001] The specification relates to chemical compounds, and pharmaceutically acceptable
salts thereof, that inhibit IRAK4 and consequently have potential utility in medicine. The
specification also relates to the use of these IRAK4 inhibitors in the treatment of respiratory
diseases such as asthma and chronic obstructive pulmonary disease (COPD), of cancer, of
inflammatory diseases and of autoinflammatory/autoimmune diseases such as systemic lupus
erythematosus, rheumatoid arthritis, myositis, Sjégren's syndrome, systemic sclerosis, gout,
endometriosis, atopic dermatitis and psoriasis. The specification also relates to processes and
intermediate compounds involved in the preparation of said IRAK4 inhibitors and to
pharmaceutical compositions containing them.

[0002] Interleukin-1 receptor (IL-1R)-associated kinase 4 (IRAK4) is a key regulator of immune
signaling. IRAK4 is expressed by multiple cell types and mediates signal transduction from Toll-
like receptors (TLRs) and receptors of the interleukin-1 (IL-1) family, including IL-1R, IL-18R
and the IL-33 receptor ST2. TLRs recognize and respond to ligands derived from microbes,
such as lipopolysaccharide (LPS) or microbial RNA or DNA, while receptors of the IL-1 family
can be activated by endogenous ligands produced by TLR-activated cells (IL-18 and IL-18) or
by tissue damage (IL-1a and IL-33). Upon activation of TLRs or IL-1 receptors by their ligands,
the adaptor protein myeloid differentiation primary response 88 (MyD88) is recruited to the
receptor and forms a multimeric protein complex, called the "Myddosome”, together with
proteins of the IRAK family (IRAK1, IRAK2 and IRAK4). The Myddosome serves as a signaling
platform to induce nuclear factor kB (NP-kB) and mitogen-activated protein kinase (MAPK)
signal transduction pathways, culminating in the activation of transcription factors NF-kB,
activator protein 1 (AP1), c-AMP response element-binding protein (CREB) and interferon
regulatory factor 5 (IRF5), driving transcription of inflammatory cytokines and chemokines.
Mice lacking IRAK4 are viable but lack inflammatory cytokine response to IL-1B, IL-18 and
LPS. Humans presenting loss-of-function mutations in IRAK4 display an immunocompromised
phenotype and their immune cells show an abrogated cytokine response to TLR agonists and
IL-1 receptor ligands.

[0003] IRAK4 is characterized by an N-terminal death domain that mediates the interaction
with MyD88 and a centrally located kinase domain. Myddosome formation promotes IRAK4
auto-phosphorylation which modulates the stability and downstream signaling of the
Myddosome. The kinase activity of IRAK4 is required for cytokine induction by TLRs and IL-1R,
as shown by studies in knock-in mice expressing a kinase-dead IRAK4, as well as in studies
using small molecule IRAK4 kinase inhibitors.

[0004] Given its critical role in eliciting an inflammatory response, IRAK4 constitutes a target
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for drugs that exert an anti-inflammatory effect.

[0005] Asthma and COPD (chronic obstructive pulmonary disease) are chronic lung diseases
constituting a major unmet medical need around the world. Asthma and COPD are
characterized by chronic airway inflammation, involving abnormal cytokine release,
dysregulated immune cell activation and airway remodeling. In asthma, insults to the airways
such as allergenic, viral and bacterial insults activate the TLR receptors via pathogen
associated molecular patterns (PAMPs), and the IL-1R and ST2 receptors via the release of
alarmins, including IL-33 and IL-1a, as well as by IL-1B released upon inflammasome
activation. TLRs and receptors of the IL-1 family are present in multiple cell types in the
airways, including macrophages, dendritic cells, mast cells, monocytes and epithelial cells, and
respond to their ligands by releasing inflammatory cytokines (TNF-a, IL-6, IL-8, GM-CSF, IL-5)
leading to airway inflammation, recruitment of inflammatory cells such as neutrophils and
eosinophils, airway hyperresponsiveness and mucus production. IRAK4 inhibition has the
potential to suppress these inflammatory pathways in the airways. Gene expression analysis of
lung samples from asthma and COPD patients, have revealed an upregulated expression of
genes associated with the IL-1R and TLR2/4 inflammatory pathways in subsets of severe
patients. Although IRAK4 inhibitors have not, to the best of our knowledge, been explored in
the clinic for the treatment of respiratory diseases, pre-clinical data from several research
groups indicates that interfering with |IRAK4-regulated pathways attenuates airway
inflammation in animal models of both asthma and COPD. For instance, mice lacking MyD88,
the central component of the myddosome, are protected against airway inflammation induced
by allergens or IL-33, as are mice treated with a small molecule mimetics blocking the
interaction between IRAK2 and IRAK4. Blocking IL-1B with a monoclonal antibody has also
been found to suppress airway inflammation induced by allergens and bacteria in a steroid-
resistant mouse model of asthma. Moreover, the treatment of mice with the IL-1R antagonist
anakinra at the time of allergen challenge ameliorates asthma-like symptoms in a mouse
model of allergic asthma. Chronic exposure to cigarette smoke is a major contributing factor to
the development of COPD. In mice exposed to cigarette smoke, IL-1 signaling is central in
mediating neutrophilic airway inflammation, and blocking IL-1 signaling with antibodies against
IL-1qa, IL-1B or the IL-1R can ameliorate the neutrophilic inflammation in the lung and reduce
bacteria- or virus-induced exacerbations in cigarette smoke-exposed mice. Taken together,
IRAK4 inhibition has potential to provide a broad anti-inflammatory effect in inflammatory
respiratory diseases by simultaneously blocking several disease-relevant signaling pathways.

[0006] As a central regulator of the Myddosome, IRAK4 is also a promising therapeutic target
in other inflammatory diseases driven by IL-1R-, TLR- or ST2-mediated mechanisms. As
previously disclosed, IRAK4 plays a role in autoimmune disorders such as rheumatoid arthritis
and systemic lupus erythematosus (SLE) (see e.g. WO2017207386 & WO2015150995). In
SLE, immunocomplexes composed by autoantibodies and self-antigens, can drive TLR-
dependent pathological signaling. In SLE pathogenesis, IRAK4 inhibition reportedly blocks the
release of type | interferons and pro-inflammatory cytokines mediated by TLR7 and TLR9
activation in plasmacytoid dendritic cells. Mice expressing a kinase-dead mutant of IRAK4 or
treated with IRAK4 kinase inhibitor compounds, are resistant to experimentally induced arthritis
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and lupus (see e.g. WO2017207386). The approved use of anakinra (an IL-1 receptor
antagonist) for the treatment of rheumatoid arthritis, also support the role of pathogenic IL-1R
signaling in this disease. In Sjégren's syndrome, TLRs are upregulated in PBMCs (peripheral
blood mononuclear cells) and salivary glands and TLR activation can stimulate release of
interferon and other inflammatory cytokines, suggested to be implicated in Sjégren's
pathogenesis. MyD88 knockout mice also display reduced disease manifestations in an
experimental mouse model of Sjégren's syndrome. Systemic sclerosis is a severe autoimmune
disorder where IL-1R, TLR4, TLR8 and ST2-signaling can drive pathogenic mechanisms,
including microvascular damage and fibrosis. Inhibition of IRAK4 as a treatment in systemic
sclerosis would thus block multiple disease-relevant pathways simultaneously. In myositis,
elevated levels of IL-1a and IL-1B can contribute to muscle tissue inflammation. Myositis
patients have also been characterized with high type | interferon gene signature, that may be
partly driven by TLR7/9 activation, and the relevance of IL-1R signaling was supported by an
improved clinical outcome in myositis patients treated with anakinra in a smaller mechanistic
clinical trial. As a central regulator of the IL-1R pathway, IRAK4 is also a promising target in the
treatment of gout. Monosodium urate crystals, characteristically formed in gout sufferers, can
trigger the activation of the inflammasome and release of IL-1B. The use of both canakinumab,
an anti IL-1B monoclonal antibody or anakinra has demonstrated clinical efficacy in the
treatment of gout flares. Elevated levels of IL-1pB and IL-33 have also been found in patients
with endometriosis. The importance of IRAK4 in the disease process of endometriosis was
shown in a mouse model where oral administration of an IRAK4 inhibitor suppressed lesion
formation. MyD88 knockout mice were also protected against the development of
endometriosis in the same mouse model. IL-33/ST2 signaling is a key mechanism in atopic
dermatitis, involved in the regulation of skin inflammation, epithelial barrier integrity and
eosinophil recruitment. IL-33 can trigger eczema and dermatitis in mice in a MyD88-dependent
manner. As a regulator of ST2 signaling and a central component of the myddosome, IRAK4
inhibition has the potential to inhibit pathogenic IL-33/ST2 signaling in atopic dermatitis. Both
TLR7 and IL-1R mediated mechanisms have been suggested to be involved in psoriasis.
Imiquimod (TLR/8 agonist) can induce psoriasis-like disease in mice in a MyD88-dependent
manner. IL-1B is upregulated in psoriatic skin lesions and the IL-1B/IL-1R axis has been
suggested to contribute to skin inflammation and regulate the production of IL-17, a critical
cytokine released from TH17 cells in psoriasis pathogenesis. IRAK4 kinase activity has further
been shown to be required for the regulation of TH17 differentiation and TH17-mediated
diseases in vivo.

[0007] A number of IRAK4 kinase inhibitors are known and have been developed principally for
use in oncology or inflammatory disease (see e.g. WO2015150995, WO2017207386,
WO2017009806, WO2016174183, WO2018234342). Of the known IRAK4 kinase inhibitors
PF-06650833 has recently completed a phase Il clinical trial for the treatment of rheumatoid
arthritis (see clinicaltrials.gov entry for NCT02996500). ZHAI WENQIANG ET AL ("Discovery
and optimization of a potent and selective indazolamine series of IRAK4 inhibitors",
BIOORGANIC & MEDICINAL CHEMISTRY LETTERS, ELSEVIER, AMSTERDAM, NL, vol. 31,
24 November 2020 (2020-11-24), pages ) discloses indazole derivatives as IRAK4 inhibitors for
the treatment of inflammatory and autoimmune diseases. CHEN YUN ET AL ("Design and



DK/EP 4259632 T3

synthesis of Imidazo[1,2-b]pyridazine IRAK4 inhibitors for the treatment of mutant MYD88
L265P diffuse large B-cell lymphoma", EUROPEAN JOURNAL OF MEDICINAL CHEMISTRY,
ELSEVIER, AMSTERDAM, NL, vol. 190, 25 January 2020 (2020-01-25)) discloses imidazo[1,2-
blpyridazine derivatives as IRAK4 inhibitors for the treatment of ymphoma. MARIAN C. BRYAN
ET AL ("Development of Potent and Selective Pyrazolopyrimidine IRAK4 Inhibitors”, JOURNAL
OF MEDICINAL CHEMISTRY, vol. 62, no. 13, 13 May 2019 (2019-05-13), pages 6223-6240)
discloses pyrazolo[1,5-a]pyrimidine derivatives as |IRAK4 inhibitors for the treatment of
inflammation, immmune related diseases.

[0008] Taken together, IRAK4 inhibitors have potential for the treatment of a number of
diseases and conditions albeit to date no such inhibitor has been approved for clinical use. It is
an object of the present specification to provide new IRAK4 inhibitors with physicochemical and
selectivity profiles that render them suitable for clinical use, for example in the treatment of
inflammatory diseases associated with activation of IRAK4-mediated pathways, such as
asthma, COPD and chronic autoimmune/autoinflammatory diseases.

[0009] In a first aspect, the present specification provides a compound of Formula (A), or a
pharmaceutically acceptable salt thereof,

0
R’
N X (A)

wherein:
R'is selected from
N NN
o/
Q\rN\ Jana %L ~
N N
R? is selected from

3
Ho Y
= = -
HO | i | and Y |
R* R* R* .

R3 and R? are each independently selected from H, Me, Et, optionally substituted C4-Cg alkyl
and optionally substituted C3-Cg cycloalkyl;

Y is N(Me)COMe, N(R®COMe, N(Me)COR®, N(R®COR® CONMe, or a 5-membered N-
heterocycle such as 1,2,3-triazole and Z is H, Me, Et and optionally substituted C1-Cg alkyl; or

Y and Z combine to form an optionally substituted 4-, 5- or 6-membered ring;
X is selected from OR’ and NR8R®:

R% is selected from H, optionally substituted C4-Cg alkyl and optionally substituted C3-Cg
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cycloalkyl,

RS is selected from optionally substituted C4-Cg alkyl, optionally substituted Cs-Cg cycloalkyl

and optionally substituted 5- or 6-membered saturated N-heterocycle;

R’ is Me, Et, i-propyl, n-propyl, cyclopropyl, cyclobutyl, an optionally substituted C4-Cg alkyl,
C3-Cg cycloalkyl group or 4-, 5- or 6-membered ring containing an heteroatom selected from O
and N;

R8 and R® are independently selected from H, Me and optionally substituted C4-Cg alkyl or
together form an optionally substituted C3-Cg cycloalkyl or an optionally substituted 4-, 5- or 6-

membered ring containing a further heteroatom selected from O and N;

wherein the optional substituents of Z, R3, R4 R% R® R’, R® and R when present, are
independently selected from OH, C4-C3 alkyl, C4-C3 alkoxy, C(O)Me, amino, NHMe, NMe,, For

Cl.

[0010] In a second aspect the present specification provides a compound of Formula (l), or a
pharmaceutically acceptable salt thereof,

0
R’
2. N
RZ-N, )
N X

wherein:

R'is selected from
N NN
3\/N\ _ and % P
N N
R? is selected from
R3
HO
. 4w K
HO | ’ | and Y |
R* R* R* .
R3 and R? are each independently selected from H, Me, Et, optionally substituted C4-Cg alkyl

and optionally substituted C3-Cg cycloalkyl;

Y is N(Me)COMe, N(R®COMe, N(Me)COR® N(R®COR® CONMe, or a 5-membered N-
heterocycle such as 1,2,3-triazole and Z is H, Me, Et and optionally substituted C4-Cg alkyl; or

Y and Z combine to form an optionally substituted 4-, 5- or 6-membered ring;
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X is selected from OR’ and NR8R®:

R% is selected from H, optionally substituted C4-Cg alkyl and optionally substituted C3-Cg
cycloalkyl,

R is selected from optionally substituted C4-Cg alkyl and optionally substituted C3-Cg
cycloalkyl,

R’ is Me, Et, i-propyl, n-propyl, cyclopropyl, cyclobutyl, an optionally substituted C4-Cg alkyl,
C3-Cg cycloalkyl group or 4-, 5- or 6-membered ring containing an heteroatom selected from O
and N;

R8 and R® are independently selected from H, Me and optionally substituted C4-Cg alkyl or
together form an optionally substituted C3-Cg cycloalkyl or an optionally substituted 4-, 5- or 6-

membered ring containing a further heteroatom selected from O and N;

wherein the optional substituents of Z, R3, R4 RS, R8 R’, R® and R when present, are
independently selected from OH, C4-Cj3 alkyl, C4-C3 alkoxy, C(O)Me, amino, NHMe, NMe»,, F or

Cl.

[0011] References to a compound of Formula () herein below should be read to include
reference to a compound of Formula (A) as well as to refer to a compound of Formula (I).

[0012] The specification also describes a pharmaceutical composition that comprises a
compound of Formula (l), or a pharmaceutically acceptable salt thereof, and at least one
pharmaceutically acceptable excipient.

[0013] The specification also describes a compound of Formula (), or a pharmaceutically
acceptable salt thereof, for use as a medicament.

[0014] The specification also describes a compound of Formula (), or a pharmaceutically
acceptable salt thereof, for use in the treatment of respiratory diseases such as asthma and
chronic obstructive pulmonary disease (COPD).

[0015] The specification also describes a compound of Formula (), or a pharmaceutically
acceptable salt thereof, for use in the treatment of inflammatory diseases.

[0016] The specification also describes a compound of Formula (), or a pharmaceutically
acceptable salt thereof, for use in the treatment of autoinflammatory/autoimmune diseases
such as systemic lupus erythematosus, rheumatoid arthritis, myositis, Sjégren's syndrome,
systemic sclerosis, gout, endometriosis, atopic dermatitis and psoriasis.
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[0017] The specification also describes a compound of Formula (), or a pharmaceutically
acceptable salt thereof, for use in the treatment of cancer, for example for use in combination
with a BTK inhibitor.

[0018] The specification also describes a compound of Formula (), or a pharmaceutically
acceptable salt thereof, for use in the treatment of cancer. In such uses the compound of
Formula (1) may be used as a monotherapy, or in combination with a further therapeutic agent,
for example for the treatment of a haematologic malignancy. The haematologic malignancy to
be treated may be selected from Waldenstrom's macroglobulinemia (VWM), non-Hodgkin
lymphoma (NHL), diffuse large B-cell lymphoma (DLBCL), primary central nervous system
lymphoma (PCNSL), Splenic Marginal Zone Lymphoma (SMZL), small lymphocytic lymphoma
(SLL), leukaemias (chronic lymphocytic leukaemia (CLL)) and monoclonal gammopathy of
undetermined significance (MGUS-IgM+). Furthermore, the use may be for the treatment of
haematologic malignancies that has MYD88 mutation, B-cell receptor (BCR) mutation or both
MYD88 and BCR mutations. When the compound is used in combination with a further
therapeutic agent the second agent may be selected from group comprising BCR inhibitors
such as BTK inhibitors (examples include ibrutinib, acalabrutinib, zanubrutinib or tirabrutinib),
PI3K® inhibitors and SYK inhibitors or immunotherapies.

[0019] The specification also describes the use of a compound of Formula (I) for the
manufacture of a medicament, for example wherein the medicament is for use in the treatment
of respiratory diseases such as asthma and chronic obstructive pulmonary disease (COPD) or
for use in the treatment of cancer or for use in the treatment of autoinflammatory/autoimmune
diseases such as systemic lupus erythematosus, rheumatoid arthritis, myositis, Sjégren's
syndrome, systemic sclerosis, gout, endometriosis, atopic dermatitis and psoriasis or for use in
the treatment of inflammatory disease.

[0020] The specification also describes the compounds for use use in methods of treatment
comprising administration of an effective amount of a compound of Formula () to a patient in
need thereof, wherein the patient in need has a respiratory diseases such as asthma and
chronic obstructive pulmonary disease (COPD), cancer, an autoinflammatory/autoimmune
disease such as systemic lupus erythematosus, rheumatoid arthritis, myositis, Sjégren's
syndrome, systemic sclerosis, gout, endometriosis, atopic dermatitis and psoriasis or an
inflammatory disease.

[0021] The present specification also relates to processes for the manufacture of a compound
of Formula (I). Further aspects of the specification will be apparent to one skilled in the art from
reading this specification.

[0022] The specification make reference to the following Figure.
[0023] Figure 1. In vivo dose response of Example 89 in an acute mouse model of LPS-

induced lung inflammation. Example 89 compound was dosed orally to mice 1 h prior to
inhaled LPS challenge (1 mg/mL). 4 h after the challenge, the animals were terminated and the
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levels of IL-6 and TNF-a released in the bronchoalveolar lavage fluid were measured. Example
89 reduced the levels of IL-6 and TNF-a in a dose-dependent manner. Individual data points
represent individual animals, and bars represent the mean value of each group. Statistical
differences between groups were calculated with a one-way ANOVA test comparing treatment
groups to the vehicle group. **p<0.01, **p<0.001. The ability of IRAK4 inhibitors according to
the specification to reduce inflammatory cytokines and TNF-a in vivo is thus established.

[0024] As noted above, it has been found that compounds of Formula (1), or pharmaceutically
acceptable salts thereof, are potent inhibitors of IRAK4 kinase. In addition, preferred
compounds of Formula (I) exhibit excellent selectivity over other kinases thus providing a
profile that avoids off target effects and toxicities. This desirable combination of IRAK4
inhibitory activity and lack of detrimental off target effect indicates the suitability of compounds
of the specification for use in medicine.

[0025] Unless defined otherwise, all technical and scientific terms used herein have the same
meaning as that commonly understood by one of ordinary skill in the art to which this
disclosure is related. For example, the Concise Dictionary of Biomedicine and Molecular
Biology, Juo, Pei-Show, 2nd ed., 2002, CRC Press; The Dictionary of Cell and Molecular
Biology, 3rd ed., 1999, Academic Press; and the Oxford Dictionary of Biochemistry and
Molecular Biology, Revised, 2000, Oxford University Press, provide one of skill with a general
dictionary of many of the terms used in this disclosure.

[0026] So that the present specification may be more readily understood, certain terms are
explicitly defined below. In addition, definitions are set forth as appropriate throughout the
detailed description.

[0027] Units, prefixes, and symbols are denoted in their Systéme International de Unites (SI)
accepted form. Numeric ranges are inclusive of the numbers defining the range.

[0028] The term "pharmaceutical composition” refers to a preparation which is in such form as
to permit the biological activity of the active ingredient, and which contains no additional
components which are unacceptably toxic to a subject to which the composition would be
administered. Such compositions can be sterile. A pharmaceutical composition according to
the present specification will comprise a compound of Formula (I), or a pharmaceutical
acceptable salt thereof, and at least one pharmaceutically acceptable excipient.

[0029] Terms such as "treating" or "treatment” or "to treat” or "alleviating” or "to alleviate" refer
to both (1) therapeutic measures that cure, slow down, lessen symptoms of, and/or halt
progression of a diagnosed pathologic condition or disorder and (2) prophylactic or
preventative measures that prevent and/or slow the development of a targeted pathologic
condition or disorder. Thus, those in need of treatment include those already with the disorder;
those prone to have or develop the disorder; and those in whom the disorder is to be
prevented. In certain aspects, a subject is successfully "treated" for respiratory disease
according to the methods of the present disclosure if the patient shows, e.g., total, partial, or
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transient relief from the symptoms of that respiratory disease.

[0030] The term "subject” refers to any animal (e.g., a mammal), including, but not limited to
humans, non-human primates, rodents, and the like, which is to be the recipient of a particular
treatment. Typically, the terms "subject” and "patient" are used interchangeably herein in
reference to a human subject.

[0031] As used herein and above the symbol * is used to indicate the site of connection of a
component of the compound of Formula (l) to other components of the compound. To illustrate

this by example, when the compound of Formula (I) has the R' motif specified below the
compound will be a compound of structure A. Similarly, when the compound of Formula (I) has

the R2 motif below, the compound will be a compound of structure B.

(o) N
N\ N NIN\ \
.
o r=\n R N he
,R1 N N X
2 N ¥ A
RN H 0
1
0] Y. . Y. = N’R
R2=Z Z N\ o H
| | N X
R* R4 B

[0032] As used herein the term "alkyl" refers to both straight and branched chain saturated
hydrocarbon radicals having the specified number of carbon atoms. As used herein the term
deuteroalkyl refers to an alkyl groups in which one or more, optionally all, hydrogens are
replaced with deuterium atoms. The term cycloalkyl refers to a saturated cyclic hydrocarbon.

[0033] In this specification the prefix Cy-Cy, as used in terms such as C,-Cy alkyl and the like
where x and y are integers, indicates the numerical range of carbon atoms that are present in
the group. For example, C4-C4 alkyl includes methyl, ethyl, n-propyl, i-propyl, n-butyl, s-butyl, /-
butyl and ¢-butyl, while examples of C4-C3 alkyl groups include methyl, ethyl, n-propyl, and /-
propyl. C4-C4 alkoxy groups include methoxy, ethoxy, n-propoxy, i-propoxy, n-butoxy, s-butoxy
and t-butoxy. Examples of C4-C3 alkoxy groups include methoxy, ethoxy, n-propoxy and r-

Propoxy.

[0034] Unless specifically stated, the bonding of an atom or group may be any suitable atom of
that group; for example, propyl includes prop-1-yl and prop-2-yl.

[0035] As used herein the term cycloalkyl refers to cyclic saturated hydrocarbon radicals
having the specified number of carbon atoms. Thus C3-Cg cycloalkyl refers to cyclopropyl,

cyclobutyl, cyclopentyl and cyclohexyl groups.

[0036] As used herein the term alkoxy refers to a group with an oxygen atom connected to an
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alkyl chain wherein, as defined above the alkyl chain is a straight and branched chain
saturated hydrocarbon radicals having the specified number of carbon atoms. Thus C4-C3

alkoxy refers to methoxy, ethoxy, O"Pr and O'Pr groups.

[0037] As described herein and above the group RZ may be substituted with a group R%. In
such cases the group R* may be attached to any available ring carbon, albeit it is preferred

that R4 is attached to the carbon atom adjacent the carbon atom attached to the indazole ring
as shown below.

o
1
N\ - H
Z N X

[0038] As used herein and above the term acetyl refers to a group of formula -C(O)Me.
Reference to a N-acylated group herein is used to refer to amides with a small alkyl side chain
i.e. an optionally substituted C4-Cg alkyl side chain or an optionally substituted C3-Cg cycloalkyl,

in each instance the optional substituents are selected from OH, C4-C3 alkoxy, C(O)Me, amino,
NHMe, NMe,, F or Cl, with a preferred N-acylated group being an N-acetyl group i.e. a group -
NRC(O)Me.

[0039] As described herein and above the compounds of Formula (I) comprise a group R? that
can be a cyclohexyl ring substituted with two groups Y and Z that combine to form a 4-, 5- or 6-
membered ring. In such cases the 4-, 5- or 6-membered ring is a saturated hydrocarbon ring
system optionally wherein one or two ring carbons are replaced with a heteroatom selected
from O and N. In the case wherein two ring carbons are replaced with heteroatoms, the
heteroatoms are not directly bound, i.e. the heteroatoms replace non-adjacent ring carbons,
nor are they separated in the ring by a CH, group but may for example be joined by a carbonyl

group to deliver e.g. a carbonate or carbamate motif. The hydrocarbon ring may incorporate a
carbonyl group as is the case when Y and Z combine to form a cyclic amide. In preferred
instances, the 4-, 5- or 6-membered ring is a cyclic amide or carbamate such as a pyrrolidin-2-
one, oxazolidin-2-one, piperidin-2-one and 1,3-oxazinan-2-one. Alternatively, the groups Y and
Z may combine to form an azetidine substituted with an acyl group at nitrogen. In addition, the
4-, 5- or 6-membered ring may be substituted with a group selected from OH, C4-C3 alkyl, C-

C3 alkoxy, C(O)Me, amino, NHMe, NMe,, F or Cl. These optional substituents may

advantageously be used to modulate physicochemical properties of the molecule, such as
solubility, or further optimize the interaction with IRAK4 kinase, for example relative to other
kinases, thus delivering more potent and selective IRAK4 kinase inhibitors.

[0040] As described herein compounds of Formula (A) comprise a group Y that can be

selected from N(R%)COMe, N(Me)COR® and N(R®)CORS®. In such cases, the group R® may be
an optionally substituted 5- or 6-membered saturated N-heterocycle, for instance a pyrrolidine
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or piperidine connected to the carbonyl group of Y via the nitrogen atom of the heterocycle to

provide a urea moiety. For example, Y may be a group N(Me)COR® in which R® is 3-
hydroxypyrrolidine as shown below.

0 N
A
\ =~ NTN
HOEN_{\:O-IN;:@\):H N=

[0041] As described herein and above the group R’ may be an optionally substituted 4-, 5- or
6-membered ring containing a heteroatom selected from O and N. For the avoidance of doubt
"containing an heteroatom" means that one of the atoms of the ring will be a heteroatom
selected from O or N. In such instances saturated 4-, 5- or 6-membered rings containing a
heteroatom selected from O and N are preferred. Examples of preferred 4-, 5- or 6-membered
rings containing a heteroatom selected from O and N are azetidine, oxetane, tetrahydrofuran,

pyrrolidine, tetrahydropyran and piperidine. As described herein and above the substituents R®

and R® may combine to form an optionally substituted 4-, 5- or 6-membered ring containing a
further heteroatom selected from O and N. In the case wherein a further heteroatom is
present, the heteroatom is not directly bound to N, i.e. the heteroatoms in the ring are non-
adjacent, nor are they separated by a CH» group. In such instances it is preferred that the

resultant ring is saturated, for example the resultant ring may be a morpholine or piperazine
ring.

[0042] As will be apparent to the skilled reader, the compounds of Formula (I) and in particular

the groups R? can exist in various stereochemical forms. It will be understood that the claims
encompass all stereochemical forms of the compounds of Formula (I), albeit the compounds
with highest activity as inhibitors of IRAK4 are preferred. It will be recognised that the
compounds of Formula (I), may be prepared, isolated and/or supplied with or without the
presence, of one or more of the other possible stereocisomeric forms of the compound of
Formula (I) in any relative proportions. The preparation of stereoenriched or stereopure
compounds may be carried out by standard techniques of organic chemistry that are well
known in the art, for example by synthesis from stereoenriched or stereopure starting
materials, use of an appropriate stereoenriched or stereopure catalysts during synthesis,
and/or by resolution of a racemic or partially enriched mixture of stereocisomers, for example
via chiral chromatography.

[0043] As an example, in the case below the substituent R? is a 1,3-substituted cyclohexanol
group. In this system the relative (re/) stereochemistry of the alcohol and the indazole group on
the ring may be cis or frans and each of the cis and trans isomers will in turn exist in two
enantiomeric forms reflecting the (R) or (S) configuration of the chiral centres (i.e. of the
carbons attached to the hydroxyl group and indazole group). In certain cases described herein
the compounds will be referred to as Isomers 1 and 2 of compounds having the relative (re/)
stereochemical arrangement, thus in the case of a compound referred to as re~(71S, 3R) it will



DK/EP 4259632 T3

be understood that the two possible isomers are the (1S,3R) isomer and the (1R,3S) isomer
that have the same relative stereochemistry, but that are enantiomers of each other. Thus
reference to a compound below that has cis relative stereochemistry refers to the two possible
compounds with this relative stereochemistry. Structures of known relative stereochemistry and
undetermined absolute stereochemistry herein are drawn as a single enantiomer with the
qualifier "or enantiomer”.

HO HO
~ SN : W
O~CC O~
N X N X
.._ Cis

_ _Atrans
HO, HO,
/ N )
Il |N‘ . I |N\ _
N X N X
cis trans

[0044] As described herein and above, certain components of the compounds of Formula (I)
are optionally substituted. As used herein the term optionally substituted means that the
structural element of the compound may or may not be substituted with one or more of the
specified optional substituents. In instances wherein an optional substituent is present in one or

more of the groups Z, R3, R%, R%, R®, R’, R% and R it is general preferred that zero, one or two
substituents are present per each substituted group, for example zero or one substituent is
present. In the case wherein the two hydroxyl substituents are present it will be understood
that the two hydroxyl groups are not attached to the same carbon atom. In the case where the
optional substituent is F it is preferred that one, two or three F substituents are present and, in
addition, where two or three substituents are present they are directly bound to the same
carbon atom. These optional substituents may be used to modulate physicochemical
properties of the molecule, such as solubility, modulate metabolism, or further optimize the
interaction with IRAK4 kinase, for example relative to other kinases, thus delivering more
potent and selective IRAK4 kinase inhibitors.

[0045] As noted above, in a first embodiment the specification provides a compound of
Formula (A), or a pharmaceutically acceptable salt thereof,

(o]
.R!
RZ-N, 0
N X (A)

wherein:
R'is selected from

N NN
7

N\_N. ~ and .

N N

R? is selected from

R3
_ HO| _
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R3 and R* are each independently selected from H, Me, Et, optionally substituted C4-Cg alkyl
and optionally substituted C3-Cg cycloalkyl;

Y is N(Me)COMe, N(R®COMe, N(Me)COR®, N(R®COR® CONMe, or a 5-membered N-
heterocycle such as 1,2,3-triazole and Z is H, Me, Et and optionally substituted C1-Cg alkyl; or

Y and Z combine to form an optionally substituted 4-, 5- or 6-membered ring;
X is selected from OR’ and NR8R?;

R% is selected from H, optionally substituted C4-Cg alkyl and optionally substituted C3-Cg
cycloalkyl,

RS is selected from optionally substituted C4-Cg alkyl, optionally substituted Cs-Cg cycloalkyl

and optionally substituted 5- or 6-membered saturated N-heterocycle;

R’ is Me, Et, i-propyl, n-propyl, cyclopropyl, cyclobutyl, an optionally substituted C4-Cg alkyl,
C3-Cg cycloalkyl group or 4-, 5- or 6-membered ring containing an heteroatom selected from O
and N;

R8 and R® are independently selected from H, Me and optionally substituted C4-Cg alkyl or
together form an optionally substituted C3-Cg cycloalkyl or an optionally substituted 4-, 5- or 6-

membered ring containing a further heteroatom selected from O and N;

wherein the optional substituents of Z, R3, R4 R% R® R’, R® and R when present, are
independently selected from OH, C4-C3 alkyl, C4-C3 alkoxy, C(O)Me, amino, NHMe, NMe,, For

Cl.

[0046] In embodiments, the compound of Formula (A) is a compound of Formula (1), or a
pharmaceutically acceptable salt thereof,

0
.R!
2. N
R2-N, A
N X

wherein:

R'is selected from

N X NN
N N. = and = 2
N N



DK/EP 4259632 T3

R2 is selected from

R3 and R? are each independently selected from H, Me, Et, optionally substituted C4-Cg alkyl
and optionally substituted C3-Cg cycloalkyl;

Y is N(Me)COMe, N(R®COMe, N(Me)COR®, N(R®COR® CONMe, or a 5-membered N-
heterocycle such as 1,2,3-triazole and Z is H, Me, Et and optionally substituted C4-Cg alkyl; or

Y and Z combine to form an optionally substituted 4-, 5- or 6-membered ring;
X is selected from OR’ and NR8R®:

R% is selected from H, optionally substituted C4-Cg alkyl and optionally substituted C3-Cg
cycloalkyl,

R is selected from optionally substituted C4-Cg alkyl and optionally substituted C3-Cg
cycloalkyl,

R’ is Me, Et, i-propyl, n-propyl, cyclopropyl, cyclobutyl, an optionally substituted C4-Cg alkyl,
C3-Cg cycloalkyl group or 4-, 5- or 6-membered ring containing an heteroatom selected from O
and N;

R8 and R® are independently selected from H, Me and optionally substituted C4-Cg alkyl or
together form an optionally substituted C3-Cg cycloalkyl or an optionally substituted 4-, 5- or 6-

membered ring containing a further heteroatom selected from O and N;

wherein the optional substituents of Z, R3, R4 RS, R8 R’, R® and R when present, are
independently selected from OH, C4-C3 alkyl, C4-C3 alkoxy, C(O)Me, amino, NHMe, NMe,, For

Cl.

[0047] In embodiments, the compound of Formula (I) or Formula (A) is a compound of

Formula (la) wherein the group R? is
)
M

R4
and the groups Y and Z combine to form a 4-, 5- or 6-membered ring that is an optionally
substituted 3-hydroxycyclobutyl, N-acylated azetidine, pyrrolidin-2-one, 1-alkylpyrrolidin-2-one,
3-alkyloxazolidin-2-one, 1-alkylpiperidin-2-one or 3-alkyl-1,3-0xazinan-2-one ring.
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[0048] In embodiments, the compound of Formula (I) or Formula (A) is a compound of
Formular(lb) wherein the group R? is
ZO8
M

R4
and the groups Y and Z combine to form a 4-, 5- or 6-membered ring that is selected from 3-
hydroxycyclobutyl, N-acetyl azetidine, 1-methylpyrrolidin-2-one, 3-methyloxazolidin-2-one, 1-
methylpiperidin-2-one and 3-methyl-1,3-oxazinan-2-one.

[0049] In embodiments, the compound of Formula (I) or Formula (A) is a compound of
Formula (Ic) wherein the group R? is

205
VN

R4
and the groups Y and Z combine to form a 4-, 5- or 6-membered ring that is selected from
R10 R10 R10

\ \ 8]
N-* N N« *
O:QJ ’ O:<J ’ 0= ] and R};NO
* 6]

wherein * denotes the site of attachment to the cyclohexyl group and R1% is Me or a C4-Cg alkyl
group optionally substituted with OH, C4-C3 alkoxy, C(O)Me, NH5, NHMe, NMe,, F or Cl.

[0050] In embodiments, the compound of Formula (A) is a compound of Formula (Ac) wherein
the group R? is
208
M
R4
and the groups Y and Z combine to form a 4-, 5- or 6-membered ring that is

S
0”7 N7 *
R10

wherein * denotes the site of attachment to the cyclohexyl group and R% is Me or a C4-Cg alkyl
group optionally substituted with OH, C4-C3 alkoxy, C(O)Me, NH»>, NHMe, NMe»,, For Cl.

[0051] In embodiments, the compound of Formula (I) or Formula (A) is a compound of
Formula (Id) wherein the group R? is
)
YN
R4 ,

Y is selected from N(Me)COMe, N(R%)COMe, N(Me)COR®, N(R%)COR® and CONMe, and Z is
H.

[0052] In embodiments, the compound of Formula (I) or Formula (A) is a compound of
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Formula (le) wherein the group R? is
A
NN
| R4

optionally wherein R% is H.

[0053] In embodiments, the compound of Formula (I) or Formula (A) is a compound of

Formula (If) wherein the group R? is

3
HO R
)
SO
R4 R4

;

optionally wherein R3 and R* are methyl.

[0054] In embodiments, the compound of Formula (If) is a compound of Formula (Ig) wherein

the group R? is selected from

D * S % HO *
Ho‘\<:>— ’ HO‘\<:_>< and Q

[0055] In embodiments, the compound of Formula (If) is a compound of Formula (Ih) wherein

the group R? is selected from
HO HO HO

gy
Ot O m

[0056] In embodiments, the compound of Formula (If) is a compound of Formula (Ah) wherein

the group R? is selected from

AR O

OH

\ )
o

HO

and

[0057] In embodiments, the compound of Formula (1), for example a compound of any of
Formula (1a), (Ib), (Ic), (Id), (le), (If), (Ig),or (Ih), is a compound of Formula (li) wherein the R’
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is
Nﬁ
\ P
7,

[0058] In embodiments, the compound of Formula (1), for example a compound of any of

Formula (Ac) or (Ah) is a compound of Formula (Ai) wherein the R' is
~

N\
\ N P
3/ \N

[0059] In embodiments, the compound of Formula (1), for example a compound of any of

Formula (Ac) or (Ah) is a compound of Formula (Aj) wherein the R' is
N‘N/j

‘4

%LN/

[0060] In embodiments, the compound of Formula (1), for example a compound of any of

Formula (1a), (Ib), (Ic), (Id), (le), (If), (Ig),or (Ih), is a compound of Formula (lj) wherein the R’

[0061] In embodiments, the compound of Formula (1), for example a compound of Formula
(1a), (Ib), (Ic), (Id), (le), (If), (1g), (Ih), (li) or (lj), is a compound of Formula (Ik) in which X is

ORY, optionally wherein R’ is OMe.

[0062] In embodiments, the compound of Formula (1), for example a compound of any of

Formula (Ac) or (Ah) is a compound of Formula (Ak) in which X is OR’, optionally wherein R7 is
OMe.In embodiments, the compound of Formula (1), for example a compound of Formula (1a),

(Ib), (Ic), (1d), (le), (If), (1g), (1h), (li) or (Ij), is a compound of Formula (I1) in which X is NR8R®.

[0063] In embodiments, the compound of Formula (1), for example a compound of any of
Formula (Ac) or (Ah) is a compound of Formula (A) in which in which X is NR8R®.
[0064] In embodiments, the compound of Formula (A) is selected from:

N-(Imidazo[1,2-b]pyridazin-3-yl)-6-methoxy-2-((5r,8r)-1-methyl-2-oxo-1-azaspiro[4.5]decan-8-
y)-2H-indazole-5-carboxamide;
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N-(Imidazo[1,2-b]pyridazin-3-yl)-6-methoxy-2-((5s,8s)-1-methyl-2-oxo-1-azaspiro[4.5]decan-8-
yl)-2H-indazole-5-carboxamide;

2-((1s,45)-4-(Dimethylcarbamoyl)cyclohexyl)-N-(imidazo[1,2-b]pyridazin-3-yl)-6-methoxy-2 H-
indazole-5-carboxamide;

2-((1r,4r)-4-(Dimethylcarbamoyl)cyclohexyl)-N-(imidazo[1,2-b]pyridazin-3-yl)-6-methoxy-2 H-
indazole-5-carboxamide;

2-(2-Hydroxy-2-methylspiro[3.5]nonan-7-yl)-N-(imidazo[1,2-b]pyridazin-3-yl)-6-methoxy-2 H-
indazole-5-carboxamide - Isomer 1 or Isomer 2;

2-((1s,45)-4-Hydroxycyclohexyl)-N-(imidazo[1,2-b]pyridazin-3-yl)-6-methoxy-2 H-indazole-5-
carboxamide;

2-((1r,4r)-4-Hydroxycyclohexyl)-N-(imidazo[1,2-b]pyridazin-3-yl)-6-methoxy-2 H-indazole-5-
carboxamide;

rel-2-((1S,3R)-3-Hydroxycyclohexyl)-N-(imidazo[1,2-b]pyridazin-3-yl)-6-methoxy-2H-indazole-
5-carboxamide - Isomer 1 or Isomer 2;

6-Methoxy-2-(1-methyl-2-oxo-1-azaspiro[4.5]decan-8-yl)-N-(pyrazolo[1,5-a]pyrimidin-3-yl)-2H-
indazole-5-carboxamide - Isomer 1 or Isomer 2;

rel-2-((1S,3R)-3-Hydroxycyclohexyl)-6-methoxy-N-(pyrazolo[1,5-a]lpyrimidin-3-yl)-2H-indazole-
5-carboxamide - Isomer 1 or Isomer 2;

6-Cyclopropoxy-2-(2-hydroxy-2-methylspiro[3.5]nonan-7-yl)-N-(pyrazolo[1,5-a]lpyrimidin-3-
yl)-2H-indazole-5-carboxamide - [somer 1 or Isomer 2;

6-Cyclopropoxy-2-((1R,3S)-3-hydroxycyclohexyl)-N-(pyrazolo[1,5-a]pyrimidin-3-yl)-2H-
indazole-5-carboxamide;

6-Cyclopropoxy-2-((1S,3R)-3-hydroxycyclohexyl)-N-(pyrazolo[1,5-a]pyrimidin-3-yl)-2 H-
indazole-5-carboxamide;

rel-6-Cyclopropoxy-2-((18,3S)-3-hydroxycyclohexyl)-N-(pyrazolo[1,5-a]pyrimidin-3-yl)-2 H-
indazole-5-carboxamide - Isomer 1 or Isomer 2;

2-(2-Acetyl-2-azaspiro[3.5]nonan-7-yl)-N-(imidazo[1,2-b]pyridazin-3-yl)-6-methoxy-2 H-
indazole-5-carboxamide;

N-(Imidazo[1,2-b]pyridazin-3-yl)-6-methoxy-2-((1s,4s)-4-(N-methylacetamido)cyclohexyl)-2 H-
indazole-5-carboxamide;

N-(Imidazo[1,2-b]pyridazin-3-yl)-6-methoxy-2-((1r,4r)-4-(N-methylacetamido)cyclohexyl)-2 H-
indazole-5-carboxamide;

6-Methoxy-2-((1s,45)-4-(N-methylacetamido)cyclohexyl)-N-(pyrazolo[1,5-alpyrimidin-3-yl)-2H-
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indazole-5-carboxamide;

6-Methoxy-2-((1r,4r)-4-(N-methylacetamido)cyclohexyl)-N-(pyrazolo[1,5-a]pyrimidin-3-yl)-2 H-
indazole-5-carboxamide;

2-((1r,4r)-4-(Cyclopropanecarboxamido)cyclohexyl)-6-methoxy-N-(pyrazolo[1,5-a]pyrimidin-3-
y)-2H-indazole-5-carboxamide;

2-((1s,45)-4-(Cyclopropanecarboxamido)cyclohexyl)-6-methoxy-N-(pyrazolo[1,5-a]lpyrimidin-3-
yl)-2H-indazole-5-carboxamide;

rel-2-((6 R,7 R)-2-Acetyl-6-methyl-2-azaspiro[3.5]nonan-7-yl)-6-cyclopropoxy-N-(pyrazolo[1,5-
a]pyrimidin-3-yl)-2H-indazole-5-carboxamide - Isomer 1 or Isomer 2;

rel-2-((6 S,7R)-2-Acetyl-6-methyl-2-azaspiro[3.5]nonan-7-yl)-6-cyclopropoxy-N-(pyrazolo[1,5-
a]pyrimidin-3-yl)-2H-indazole-5-carboxamide - Isomer 1 or Isomer 2;

6-Cyclopropoxy-2-((1s,4s)-4-(N-methylacetamido)cyclohexyl)-N-(pyrazolo[1,5-a]pyrimidin-3-
yl)-2H-indazole-5-carboxamide;

6-Cyclopropoxy-2-((1r,4r)-4-(N-methylacetamido)cyclohexyl)-N-(pyrazolo[1,5-a]pyrimidin-3-
yl)-2H-indazole-5-carboxamide;

N-(Imidazo[1,2-b]pyridazin-3-yl)-6-methoxy-2-((1S,2 S,4R*)-2-methyl-4-(N-methylacetamido)
cyclohexyl)-2H-indazole-5-carboxamide - Isomer 1 or Isomer 2;

N-(Imidazo[1,2-b]pyridazin-3-yl)-6-methoxy-2-((1R,2R,4R*)-2-methyl-4-(N-methylacetamido)
cyclohexyl)-2H-indazole-5-carboxamide - Isomer 1 or Isomer 2;

rel-2-((18S,2 8,4 S)-4-Hydroxy-2-methylcyclohexyl)-6-methoxy-N-(pyrazolo[1,5-a]pyrimidin-3-
yl)-2H-indazole-5-carboxamide - [somer 1 or Isomer 2;

rel-2-((18S,2S,4R)-4-Hydroxy-2-methylcyclohexyl)-6-methoxy-N-(pyrazolo[1,5-a]pyrimidin-3-
yl)-2H-indazole-5-carboxamide - [somer 1 or Isomer 2;

rel-6-Cyclopropoxy-2-((1S,2S,4R)-4-hydroxy-2-methylcyclohexyl)-N-(pyrazolo[1,5-a]pyrimidin-
3-yl)-2H-indazole-5-carboxamide - Isomer 1 or Isomer 2;

rel-6-Cyclopropoxy-2-((18,2S,4S)-4-hydroxy-2-methylcyclohexyl)-N-(pyrazolo[1,5-a]pyrimidin-
3-yl)-2H-indazole-5-carboxamide - Isomer 1 or Isomer 2;

6-Cyclopropoxy-2-(2-hydroxyspiro[3.5]nonan-7-yl)-N-(pyrazolo[1,5-a]pyrimidin-3-yl)-2 H-
indazole-5-carboxamide - Isomer 1 or Isomer 2;

2-(4-Hydroxy-4-methylcyclohexyl)-N-(imidazo[1,2-b]pyridazin-3-yl)-6-methoxy-2H-indazole-5-
carboxamide - Isomer 1 or Isomer 2;

rel-2-((1S,3R)-3-Hydroxy-3-methylcyclohexyl)-6-methoxy-N-(pyrazolo[1,5-a]lpyrimidin-3-yl)-2 H-
indazole-5-carboxamide - Isomer 1 or Isomer 2;
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rel-2-((18,3S5)-3-Hydroxy-3-methylcyclohexyl)-6-methoxy-N-(pyrazolo[1,5-a]pyrimidin-3-yl)-2 H-
indazole-5-carboxamide - Isomer 1 or Isomer 2;

rel-6-Cyclopropoxy-2-((1S,3R)-3-hydroxy-3-methylcyclohexyl)-N-(pyrazolo[1,5-a]pyrimidin-3-
yl)-2H-indazole-5-carboxamide - [somer 1 or Isomer 2;

6-Cyclopropoxy-2-((1s,4s)-4-hydroxycyclohexyl)-N-(pyrazolo[1,5-a]lpyrimidin-3-yl)-2 H-indazole-
5-carboxamide;

6-Cyclopropoxy-2-((1r,4r)-4-hydroxycyclohexyl)-N-(pyrazolo[1,5-a]lpyrimidin-3-yl)-2 H-indazole-
5-carboxamide;

2-((1R,4r)-4-((R)-2-Hydroxy-N-methylpropanamido)cyclohexyl)-6-methoxy-N-(pyrazolo[1,5-
o]pyrimidin-3-yl)-2 H-indazole-5-carboxamide;

2-((1S8,4n)-4-((S)-2-Hydroxy-N-methylpropanamido)cyclohexyl)-6-methoxy-N-(pyrazolo[1,5-
o]pyrimidin-3-yl)-2 H-indazole-5-carboxamide;

6-Methoxy-2-((1R,2R,4R*)-2-methyl-4-(N-methylacetamido)cyclohexyl)-N-(pyrazolo[1,5-
a]pyrimidin-3-yl)-2H-indazole-5-carboxamide - Isomer 1 or Isomer 2;

6-Methoxy-2-((18,2S,4R*)-2-methyl-4-(N-methylacetamido)cyclohexyl)-N-(pyrazolo[1,5-
a]pyrimidin-3-yl)-2H-indazole-5-carboxamide - Isomer 1 or Isomer 2;

rel-2-((6 S,7R)-2-Acetyl-6-methyl-2-azaspiro[3.5]nonan-7-yl)-N-(imidazo[1,2-b]pyridazin-3-yl)-6-
methoxy-2H-indazole-5-carboxamide - Isomer 1 or Isomer 2;

rel-2-((6 R,7R)-2-Acetyl-6-methyl-2-azaspiro[3.5]nonan-7-yl)-N-(imidazo[1,2-b]pyridazin-3-yl)-6-
methoxy-2H-indazole-5-carboxamide - Isomer 1 or Isomer 2;

N-(Imidazo[1,2-b]pyridazin-3-yl)-6-methoxy-2-((5s,85s)-2-methyl-3-0x0-2-azaspiro[4.5]decan-8-
yl)-2H-indazole-5-carboxamide;

N-(Imidazo[1,2-b]pyridazin-3-yl)-6-methoxy-2-((5r,8r)-2-methyl-3-oxo-2-azaspiro[4.5]decan-8-
yl)-2H-indazole-5-carboxamide;

rel-2-((7R,8R)-2,7-Dimethyl-3-ox0-2-azaspiro[4.5]decan-8-yl)-N-(imidazo[1,2-b]pyridazin-3-
y)-6-methoxy-2 H-indazole-5-carboxamide or rel-2-((7S,85)-2,7-Dimethyl-3-0x0-2-
azaspiro[4.5]decan-8-yl)-N-(imidazo[1,2-b]pyridazin-3-yl)-6-methoxy-2 H-indazole-5-
carboxamide - Isomers 1, 2, 3 or 4;

N-(Imidazo[1,2-b]pyridazin-3-yl)-6-methoxy-2-(1-methyl-2-oxo-3-oxa-1-azaspiro[4.5]decan-8-
yl)-2H-indazole-5-carboxamide - [somer 1 or Isomer 2;

rel-2-((1R,3R,4S)-4-Hydroxy-3-methylcyclohexyl)-N-(imidazo[1,2-b]pyridazin-3-yl)-6-methoxy-
2H-indazole-5-carboxamide - Isomer 1 or Isomer 2;

rel-2-((1S,3R,4 S)-4-Hydroxy-3-methylcyclohexyl)-N-(imidazo[1,2-b]pyridazin-3-yl)-6-methoxy-
2H-indazole-5-carboxamide - Isomer 1 or Isomer 2;
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rel-2-((1S,3R,4 S)-4-Hydroxy-3-methylcyclohexyl)-N-(imidazo[1,2-b]pyridazin-3-yl)-6-methoxy-
2H-indazole-5-carboxamide - Isomer 1 or Isomer 2;

rel-2-((1S,3R,4 S)-4-Hydroxy-3-methylcyclohexyl)-N-(imidazo[1,2-b]pyridazin-3-yl)-6-methoxy-
2H-indazole-5-carboxamide - Isomer 1 or Isomer 2;

6-Cyclopropoxy-2-((1r,4r)-4-hydroxycyclohexyl)-N-(imidazo[1,2-b]pyridazin-3-yl)-2 H-indazole-
5-carboxamide;

6-Cyclopropoxy-2-((1s,4s)-4-hydroxycyclohexyl)-N-(imidazo[1,2-b]pyridazin-3-yl)-2 H-indazole-
5-carboxamide;

6-Methoxy-2-((5r,8r)-2-methyl-3-oxo0-2-azaspiro[4.5]decan-8-yl)-N-(pyrazolo[1,5-a]pyrimidin-3-
yl)-2H-indazole-5-carboxamide;

6-Methoxy-2-((5s,85)-2-methyl-3-oxo0-2-azaspiro[4.5]decan-8-yl)-N-(pyrazolo[1,5-a]pyrimidin-
3-yl)-2H-indazole-5-carboxamide;

2-((1R,2R,4 S)-4-Hydroxy-2-methylcyclohexyl)-N-(imidazo[1,2-b]pyridazin-3-yl)-6-methoxy-2 H-
indazole-5-carboxamide;

2-((1R,2R,4R)-4-Hydroxy-2-methylcyclohexyl)-N-(imidazo[1,2-b]pyridazin-3-yl)-6-methoxy-2 H-
indazole-5-carboxamide;

2-((18,2S,4R)-4-Hydroxy-2-methylcyclohexyl)-N-(imidazo[1,2-b]pyridazin-3-yl)-6-methoxy-2 H-
indazole-5-carboxamide;

2-((18,28S,45)-4-Hydroxy-2-methylcyclohexyl)-N-(imidazo[1,2-b]pyridazin-3-yl)-6-methoxy-2 H-
indazole-5-carboxamide;

2-((1R,2R,4 S)-4-Hydroxy-2-methylcyclohexyl)-N-(imidazo[1,2-b]pyridazin-3-yl)-6-methoxy-2 H-
indazole-5-carboxamide;

2-((1R,2R,4R)-4-Hydroxy-2-methylcyclohexyl)-N-(imidazo[1,2-b]pyridazin-3-yl)-6-methoxy-2 H-
indazole-5-carboxamide;

2-((1S,4)-4-((S)-2-Hydroxy-N-methylpropanamido)cyclohexyl)-N-(imidazo[1,2-b]pyridazin-3-
y)-6-methoxy-2 H-indazole-5-carboxamide;

2-((1R,4n)-4-((R)-2-Hydroxy-N-methylpropanamido)cyclohexyl)-N-(imidazo[1,2-b]pyridazin-3-
y)-6-methoxy-2 H-indazole-5-carboxamide;

6-Methoxy-2-((1r,4r)-4-(N-methylcyclopropanecarboxamido)cyclohexyl)-N-(pyrazolo[1,5-
a]pyrimidin-3-yl)-2 H-indazole-5-carboxamide;

2-((1R,4n)-4-((1r,3R)-3-Hydroxy-N-methylcyclobutane-1-carboxamido)cyclohexyl)-6-methoxy-
N-(pyrazolo[1,5-a]pyrimidin-3-yl)-2 H-indazole-5-carboxamide;

2-((1R,4n)-4-((1s,3S)-3-Hydroxy-N-methylcyclobutane-1-carboxamido)cyclohexyl)-6-methoxy-
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N-(pyrazolo[1,5-a]pyrimidin-3-yl)-2 H-indazole-5-carboxamide;

2-((1r,4r)-4-(2-Hydroxy-N,2-dimethylpropanamido)cyclohexyl)-6-methoxy-N-(pyrazolo[1,5-
a]pyrimidin-3-yl)-2 H-indazole-5-carboxamide;

2-(2-Acetyl-2-azaspiro[3.5]nonan-7-yl)-N-(imidazo[1,2-b]pyridazin-3-y)-6-((1r,3r)-3-
methoxycyclobutoxy)-2H-indazole-5-carboxamide;

2-(2-Acetyl-2-azaspiro[3.5]nonan-7-yl)-N-(imidazo[1,2-b]pyridazin-3-yl)-6-((1s,35)-3-
methoxycyclobutoxy)-2H-indazole-5-carboxamide;

2-((1r,4n-4-(1H-1,2,3-triazol-1-yl)cyclohexyl)-N-(imidazo[1,2-b]pyridazin-3-yl)-6-methoxy-2 H-
indazole-5-carboxamide;

2-((1r,4n-4-(2H-1,2,3-triazol-2-yl)cyclohexyl)-N-(imidazo[1,2-b]pyridazin-3-yl)-6-methoxy-2 H-
indazole-5-carboxamide

rel-2-((18S,2S,3R)-3-Hydroxy-2-methylcyclohexyl)-N-(imidazo[1,2-b]pyridazin-3-yl)-6-methoxy-
2H-indazole-5-carboxamide - Isomer 1 or Isomer 2;

rel-2-((1S,2R,3S)-3-Hydroxy-2-methylcyclohexyl)-N-(imidazo[1,2-b]pyridazin-3-yl)-6-methoxy-
2H-indazole-5-carboxamide - Isomer 1 or Isomer 2;

rel-2-((1S,2R,3R)-3-Hydroxy-2-methylcyclohexyl)-N-(imidazo[1,2-b]pyridazin-3-yl)-6-methoxy-
2H-indazole-5-carboxamide - Isomer 1 or Isomer 2;

2-((1S,4)-4-((S)-3-Hydroxy-N-methylbutanamido)cyclohexyl)-6-methoxy-N-(pyrazolo[1,5-
a]pyrimidin-3-yl)-2 H-indazole-5-carboxamide;

2-((1R,4n)-4-((R)-3-Hydroxy-N-methylbutanamido)cyclohexyl)-6-methoxy-N-(pyrazolo[1,5-
a]pyrimidin-3-yl)-2 H-indazole-5-carboxamide;

rel-2-((1R,4r)-4-((1R,3R)-3-Hydroxy-N-methylcyclopentane-1-carboxamido)cyclohexyl)-6-
methoxy-N-(pyrazolo[1,5-a]pyrimidin-3-yl)-2H-indazole-5-carboxamide - [somer 1 or Isomer 2;

rel-2-((1R,4r)-4-((1R,3 S)-3-hydroxy-N-methylcyclopentane-1-carboxamido)cyclohexyl)-6-
methoxy-N-(pyrazolo[1,5-a]pyrimidin-3-yl)-2 H-indazole-5-carboxamide - [somer 1 or Isomer 2;

2-((18,4)-4-((S)-3-Hydroxy-N-methylpyrrolidine-1-carboxamido)cyclohexyl)-N-(imidazo[1,2-
b]pyridazin-3-yl)-6-methoxy-2 H-indazole-5-carboxamide;

2-((1R,4n)-4-((R)-3-Hydroxy-N-methylpyrrolidine-1-carboxamido)cyclohexyl)-N-(imidazo[1,2-
b]pyridazin-3-yl)-6-methoxy-2 H-indazole-5-carboxamide;

6-Methoxy-2-(1-methyl-2-0x0-4-oxa-1-azaspiro[5.5]undecan-9-yl)-N-(pyrazolo[1,5-a]pyrimidin-
3-yl)-2H-indazole-5-carboxamide - Isomer 1 or Isomer 2;

rel-2-((5R,7R,8R)-1,7-dimethyl-2-oxo0-1-azaspiro[4.5]decan-8-yl)-N-(imidazo[1,2-b]pyridazin-3-
yl)-6-methoxy-2 H-indazole-5-carboxamide - Isomer 1 or Isomer 2 and
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rel-2-((5S,7R,8R)-1,7-Dimethyl-2-oxo-1-azaspiro[4.5]decan-8-yl)-N-(imidazo[1,2-b]pyridazin-3-
yl)-6-methoxy-2 H-indazole-5-carboxamide - Isomer 1 or Isomer 2 or a pharmaceutically
acceptable salt thereof.

[0065] The IRAK4 inhibitors of the present invention can be prepared from readily available
starting materials, either available from commercial suppliers, such as Merck KGaA or by
methods comprised in the common general knowledge of those skilled in the art. The reaction
schemes below describe a variety of methods for the synthesis of the IRAK4 inhibitors. Typical
or preferred reaction conditions might be given for the synthesis but those skilled in the art will
be able to suggest modifications of these conditions to obtain analogues not described herein.
Schemes presented below are therefore representative methods for the synthesis of the
compounds of this specification. In addition, the order of reactions can be modified to change
the overall synthesis to allow for variations at different positions of the molecule at different
stages of the synthesis.

[0066] The informed reader will recognize that the compounds described in the schemes
below might in some cases be obtained as mixtures of regioisomers and stereoisomers, which
can be separated at different stages of the synthesis using techniques such as silica/C18
chromatography, HPLC, SFC, crystallization etc. that are well known to those skilled in the art.

General synthesis of scaffolds/building blocks:

[0067]
Scheme 1: Synthesis of scaffold I-6 with Hal = halide.

O, — T —
F F F F F 0
-1

-2

[0068] Scaffold I-6 as shown in Scheme 1 can be prepared from commercially available 2,4-
difluorobenzaldehyde (I-1). I-1 can be nitrated using standard nitrating conditions, e.g. using a
mixture of concentrated sulfuric acid and concentrated nitric acid or, as described in e.g.
WO02017/009798, using a mixture of concentrated sulfuric acid and potassium nitrate, to give
nitro compound [-2. Treatment of -2 with cyclopropanol, in the presence of a base (e.g.
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DIPEA) and a suitable solvent (e.g. DMF) under elevated temperature forms the isopropyl
ether I-3. The indazole I-4 can be obtained from I-3 by its reaction with hydrazine in a suitable
solvent at elevated temperature (e.g. 80 °C). Subsequently, the aromatic amine I-5 can be
obtained by reducing the nitro compound |-4 e.g. by treatment with Fe and ammonium chloride
in an ethanol/water mixture (alternatively Pd on carbon (or Pd(OH), on carbon) in MeOH under

an H» atmosphere can be used). Amine |-5 can be converted into the corresponding bromide I-

6 (Hal = Br) by e.g. treatment with tert-butyl nitrite and copper (I) bromide in a suitable solvent
(e.g. acetonitrile). Protection of the indazole NH of |-4, with e.g. a PMB-protecting group,
before the reduction of the nitro group followed by deprotection after the introduction of the
bromide increases the yield of these transformations. Amine [-5 can be converted into the
corresponding iodide -6 (Hal = 1) by e.g. treatment with sodium nitrite and potassium iodide in

water/acetic acid.
Scheme 2: General synthesis of building block 11-4 with R as defined in the claims and R’ = -Me or

-cyclopropyl.
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[0069] The halide II-1 (Hal = Br or I) can be used as the starting material for the synthesis of
building block 1I-4, as depicted in Scheme 2. The halide |I-1 is either commercially available or
can be obtained using the steps described in Scheme 1 above. Treatment of II-1 with a Pd-
catalyst (e.g. Pd(dppf)Cly) under an atmosphere of CO (optionally generated in situ with the

help of COware® and SilaCOgen®) in the presence of an alcohol as the solvent yields the ester
[I-2 (here shown as the methyl ester, when using MeOH as the solvent). Subsequent cleavage
of the ester with e.g. lithium hydroxide or potassium hydroxide in a suitable solvent (e.g. water)
yields carboxylic acid 1I-3. Amide formation of this acid 1-3 with amines R'-NH, can be

performed with a variety of amide coupling reagents (e.g. HATU) in the presence of a base
(e.g. DIPEA) and DMF and/or THF as the solvent to yield the desired building block I1-4.

[0070] The conversion of halide -1 into amide !!-4 can also be performed in a one step
fashion using an aminocarbonylation reaction. Stirring 1I-1 (Hal = Br or I) with a Pd-source (e.g.
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Pd(OAc),) and a suitable ligand (e.g. 1,3-bis(diphenylphosphino)propane) in a solvent (e.g.
CH4CN) in the presence of a base (e.g. TEA) and amine R'-NH, under an atmosphere of CO

(optionally generated in situ) affords amide 1l-4 in one step.
Scheme 3: General synthesis of building block 111-2 with Hal = halide {Br, I); R = R? (as defined in the

claims) or a protected precursor of R? as defined below; R” = -Me or —cyclopropyl etc.

Hal Hal
/4 =
ﬁ (o) N 0]

[0071] Indazole -2, shown in Scheme 3, can be obtained from compound IlI-1 (commercially
available or obtained by the synthesis shown in Scheme 1 above) by treating with a base (e.g.

K,CO3, Cs,CO3, NaHCO3, NaOH, KOH, Na'OBu, KIOBu, KOEt, KHMDS, DIPEA, pyridine, TEA)
in a suitable solvent (e.g. DMF, THF, dioxane, xylene, MeCN) and an alkylating reagent R-Y,

e.g. the mesylate, tosylate or halide of R? at elevated temperature. Alternatively, the alkylation
can be performed by Michael reaction of compound Ill-1 and an a,p-unsaturated carbonyl

precursor of R2. In case R? contains a functionality which requires to be protected by a suitable

protection group for this synthetic step a suitable protected precursor of R? should be used. In
addition, the alkylation reaction as shown in Scheme 3, can be performed with a suitable

precursor of R? which can be converted into R? later in the synthesis towards the target

compound. For example, if R? contains an amine or amide functionality, the amine can be
protected in the alkylating agent with a suitable protecting group (e.g. Boc), which is cleaved
after the alkylation reaction. Subsequently, the amine can be alkylated or converted into an

amide. If RZ contains an alcohol functionality, this functionality can be protected with a suitable
alcohol protection group, which withstands the reaction conditions of the alkylation reaction and
is cleaved at a later stage in the synthesis of the target compound. Protecting groups are well
known in the art (see e.g. Greene's Protective Groups in Organic Synthesis, Ed P.G.M. Wuts,
Wiley, NY 2014, 5th Edition). Alternatively, the alkylating agent could contain a precursor of the
amine/amide/alcohol functionality in form of a suitable protected carbonyl functionality which
can be deprotected and converted to the desired amine/amide/alcohol functionality of the
target compound in a later stage in the synthesis by synthetic methods known to the one
skilled in the art.

[0072] Depending on the reaction conditions used in the alkylation reaction described above, a
mixture of N1 and N2-regioisomers can be obtained. The N1 isomer can be separated from
the N2 isomer by e.g. column chromatography either directly after the alkylation reaction

described above or at a later stage in the synthesis of the target compound.
Scheme 4: General synthesis of building blocks IV-2 and V-7 with R = R? (as defined in the claims or a

suitably protected precursor thereof as described under Scheme 3; R” = -Me, —cyclopropyl, ete.
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V-1

[0073] Scheme 4 describes the regioselective synthesis of the N-2 indazole isomers IV-2 and
IV-7. Treatment of the commercially available starting material IV-1 for the synthesis of V-2
with an amine R-NH> in a suitable solvent (e.g. /PrOH) at elevated temperature, followed by

addition of tri-n-butylphosphine results in the formation of I\V-2. The starting material V-3 for
the synthesis of IV-7 is commercially available (IV-3, R’ = Me, CAS 586412-86-4) or can be
obtained as shown in the synthesis sequence outlined in Scheme 1 (for R’ = cyclopropyl).
Treatment of benzaldehyde IV-3 with an amine R-NH, in a suitable solvent (e.g. EtOH) to form

the corresponding imine, followed by stirring of the crude imine IV-4 with sodium azide in a
suitable solvent (e.g. DMF) yields the bicyclic intermediate 1V-5. Reduction of the nitro group of
IV-5 (with e.g. Pd(OH), on carbon under H> atmosphere) yields the aromatic amine IV-6.
Subsequent treatment of IV-6 with e.g. sodium nitrite and potassium iodide in acetic acid leads
to the corresponding iodo compound IV-7.

General synthesis of compounds of formula (l):

[0074]

Scheme 5: General synthesis of compounds of formula (1}, Method 1:
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[0075] The compounds of Formula (I) can be prepared as shown in Scheme 5 from compound

-4 (R” = -Me, -cyclopropyl, etc; R! as defined in the claims). A reaction sequence to prepare
compound -4 is shown in Scheme 2.

[0076] Indazole !!-4 can be alkylated by treatment with a base (e.g. KOH, KHMDS, Cs,CO3)

and a suitable alkylating reagent R-Y (Y = mesylate, tosylate, halide, R = R? or a suitable
protected precursor of RZ as defined above under Scheme 3) in a solvent compatible with the
base. In case an R-Y with R = a suitable precursor of R? is used in the alkylation reaction the

steps described under Scheme 3 can be performed after the alkylation to covert R into R? of
the target compound.

[0077] Depending on the reaction conditions used in the alkylation reaction described above, a

mixture of N1 and N2-regioisomers can be obtained. The N1 isomer can be separated from
the N2 isomer by e.g. column chromatography to obtain the compound of formula (1).

Scheme b: General synthesis of compounds of formula (1), Method 2:
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[0078] Another method to prepare compounds of Formula (1) is shown in Scheme 6. A suitable

starting material for this route is indazole 11l-2 (Hal = halide (Br, 1); R = R? as defined in the
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claims or a suitable precursor of thereof as described under Scheme 3; R = -Me, -cyclopropyl,
etc). Halide !!l-2 can be obtained as described in Schemes 3 and 4 and can be first treated
with a Pd-catalyst (e.g. Pd(dppf)Cly) under an atmosphere of CO (at elevated pressure) in the
presence of an alcohol as the solvent to yield ester VI-1 (if MeOH is used as the solvent the
Me-ester VI-1 is formed). Subsequent cleavage of the ester by e.g. lithium hydroxide or
potassium hydroxide in a suitable solvent (e.g. water) yields the carboxylic acid VI-2. Amide
formation of this acid VI-2 with an amine R'-NH, (R! as defined in the claims) can be

performed with a variety of amide coupling reagents (e.g. HATU, T3P) to yield the desired
compound of Formula (I).

[0079] If the reaction sequence shown in Scheme 6 starts with compound IllI-2 (R = a

protected precursor of R?), the transformations to convert R into R? (as described under
Scheme 3) can be performed at different stages of the synthesis sequence shown in Scheme
6, depending on the nature of the transformation and the compatibility of the functional groups
present in the sequence intermediates with the reaction conditions (a person skilled in the art
will be able to decide the order of steps).

[0080] The conversion of halide !!I-2 (R = R?) into the compound of Formula (I) can also be
performed in a one pot aminocarbonylation protocol. Stirring !!-2 (R = R?) with a Pd-source
(e.g. Pd(OAc);) and a suitable ligand (e.g. 1,3-bis(diphenylphosphino)propane or
di(adamantan-1-yl)butylphosphane) in a solvent (e.g. CH3CN) in the presence of a base (e.g.

TEA) and the coupling amine R'-NH, under an atmosphere of CO (at elevated pressure) yields

the compound of formula (I) in one step.

[0081] If the aminocarbonylation reaction is performed with compound 11l-2 (R = a suitable

protected precursor of R?), the transformations to convert R into R? (as described under
Scheme 3) can be performed after the aminocarbonylation reaction shown in Scheme 6, to

afford the compound of Formula (I).
Scheme 7: General synthesis of compounds of formula (1), Method 3:
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[0082] Scheme 7 shows a method to change the substituent R’ late in the synthesis to obtain
the compound of Formula (I). Starting with compound VII-1 the methoxy ether can be cleaved
with e.g. BBr3 in DCM to yield phenol VII-2. Subsequent reaction of VII-2 with an alkylating

reagent R’-Y, e.g. the mesylate, tosylate or halide or an alcohol R’-OH in either an alkylation
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reaction or a Mitsunobu coupling yields compounds of formula (I).

[0083] In embodiments of the specification there are provided methods of synthesizing
compounds of Formula (I) or pharmaceutically acceptable salts thereof, intermediates in the
synthesis of the compounds of Formula (I), for example methods and intermediates described
herein and above.

[0084] In embodiments there is provided a pharmaceutical composition which comprises a
compound of Formula (I) or a pharmaceutically acceptable salt thereof, in association with a
pharmaceutically acceptable excipient. In such embodiments the compound of Formula (i) is
preferably used as a single enantiomeric form. Minor impurities, for example up to 1% by mass
of other stereocisomeric forms may be optionally be present. The pharmaceutical compositions
can be used for the treatment of conditions in which IRAK4 kinase inhibition can be beneficial
as described in more detail herein and above.

[0085] In embodiments there is provided a compound of Formula (I) for use in the production
of a medicine, optionally wherein the medicines is for use in the treatment or prevention of a
condition in which IRAK4 kinase inhibition can be beneficial as described in more detail herein
and above.

[0086] The compounds of Formula (I) and pharmaceutically acceptable salts thereof may be
prepared, used or supplied in amorphous form, crystalline form, or semi-crystalline form and
any given compound of Formula (I) or pharmaceutically acceptable salt thereof may be
capable of being formed into more than one crystalline and/or polymorphic form, including
hydrated (e.g. hemi-hydrate, a mono-hydrate, a di-hydrate, a tri-hydrate or other stoichiometry
of hydrate) and/or solvated forms. It is to be understood that the present specification
encompasses any and all such solid forms of the compound of Formula (I) and
pharmaceutically acceptable salts thereof.

[0087] In further embodiments of the present specification there is provided a compound of
Formula (I), which is obtainable by the methods described in the 'Examples’ section
hereinafter.

[0088] The present specification is intended to include all isotopes of atoms occurring in the
present compounds. Isotopes will be understood to include those atoms having the same
atomic number but different mass numbers. For example, isotopes of hydrogen include tritium

and deuterium. Isotopes of carbon include 13C and '4C. Isotopically labelled compounds of
Formula (I) can generally be prepared by conventional techniques known to those skilled in the
art or by processes analogous to those described in the accompanying Examples using
appropriate isotopically labelled reagents in place of the non-labelled reagents previously
employed.

[0089] A suitable pharmaceutically acceptable salt of a compound of the Formula (I) may be,
for example, an acid addition salt. A suitable pharmaceutically acceptable salt of a compound
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of the Formula (I) may be, for example, an acid addition salt of a compound of the Formula (1),
for example an acid-addition salt with an inorganic or organic acid. The compounds of the
specification may be provided as the free base compound, i.e. in the non-salified state.

[0090] A further suitable pharmaceutically acceptable salt of a compound of the Formula (I)
may be, for example, a salt formed within the human or animal body after administration of a
compound of the Formula (I) to said human or animal body.

[0091] The compound of Formula () or pharmaceutically acceptable salt thereof may be
prepared as a co-crystal solid form. It is to be understood that a pharmaceutically acceptable
co-crystal of a compound of the Formula (I) or pharmaceutically acceptable salts thereof, form
an aspect of the present specification.

[0092] For use in a pharmaceutical context it may be preferable to provide a compound of
Formula () or a pharmaceutically acceptable salt thereof without large amounts of the other
stereocisomeric forms being present.

[0093] The compound of Formula (I), or a pharmaceutically acceptable salt thereof, will
normally be administered via the oral route though parenteral, intravenous, intramuscular,
subcutaneous or in other injectable ways, buccal, rectal, vaginal, transdermal and/or nasal
route and/or via inhalation, in the form of pharmaceutical preparations comprising the active
ingredient or a pharmaceutically acceptable salt or solvate thereof, or a solvate of such a salt,
in a pharmaceutically acceptable dosage form may be possible. Depending upon the disorder
and patient to be treated and the route of administration, the compositions may be
administered at varying doses, for example in an oral dose of from 1 mg to 1,000 mg or from
100 mg to 2,000 mg.

[0094] The pharmaceutical formulations of the compound of Formula (I) described above may
be prepared e.g. for parenteral, subcutaneous, intramuscular or intravenous administration.

[0095] The pharmaceutical formulations of the compound of Formula (I) described above may
conveniently be administered in unit dosage form and may be prepared by any of the methods
well-known in the pharmaceutical art, for example as described in Remington's Pharmaceutical
Sciences, 17th ed., Mack Publishing Company, Easton, PA., (1985).

[0096] Pharmaceutical formulations suitable for oral administration may comprise one or more
physiologically compatible carriers and/or excipients and may be in solid or liquid form. Tablets
and capsules may be prepared with binding agents; fillers; lubricants; and surfactants. Liquid
compositions may contain conventional additives such as suspending agents; emulsifying
agents; and preservatives Liquid compositions may be encapsulated in, for example, gelatin to
provide a unit dosage form. Solid oral dosage forms include tablets, two-piece hard shell
capsules and soft elastic gelatin (SEG) capsules. An exemplary oral composition according to
the specification comprises a compound of Formula (I) and at least one pharmaceutically
acceptable excipient filled into a two-piece hard shell capsule or a soft elastic gelatin (SEG)



DK/EP 4259632 T3

capsule.

[0097] According to a further embodiment there is provided a compound of the Formula (1), or
a pharmaceutically acceptable salt thereof, as defined hereinbefore, for use as a medicament
in a warm-blooded animal such as man.

[0098] According to a further embodiment, there is provided a compound of the Formula (1), or
a pharmaceutically acceptable salt thereof, as defined hereinbefore for use in the production of
an antiproliferative effect in a warm-blooded animal such as man.

[0099] According to a further embodiment, there is provided a compound of the Formula (1), or
a pharmaceutically acceptable salt thereof, as defined hereinbefore for use in a warm-blooded
animal such as man as an anti-invasive agent in the containment and/or treatment of solid
tumour disease.

[0100] According to a further embodiment, there is provided the use of a compound of the
Formula (I), or a pharmaceutically acceptable salt thereof, as defined hereinbefore, for the
production of an antiproliferative effect in a warm-blooded animal such as man.

[0101] According to a further embodiment, there is provided the use of a compound of the
Formula (1), or a pharmaceutically acceptable salt thereof, as defined hereinbefore, in the
manufacture of a medicament for use in a warm-blooded animal such as man as an anti-
invasive agent in the containment and/or treatment of solid tumour disease.

[0102] In embodiments where the compound of Formula (I) is for use in the treatment of
conditions characterized by hyperproliferative diseases or solid tumour disease, and related
methods of treatment and use in the manufacture of a medicament intended for the treatment
of such diseases it will be understood that in preferred embodiments the disease is melanoma
and, furthermore, that the use in combination with a Bruton's Tyrosine Kinase inhibitor is
preferred.

[0103] In this specification, unless otherwise stated, the phrase "effective amount” means an
amount of a compound or composition which is sufficient enough to significantly and positively
modify the symptoms and/or conditions to be treated (e.g., provide a positive clinical
response). The effective amount of an active ingredient for use in a pharmaceutical
composition will vary with the particular condition being treated, the severity of the condition,
the duration of the treatment, the nature of concurrent therapy, the particular active
ingredient(s) being employed, the particular pharmaceutically-acceptable excipient(s)/carrier(s)
utilized, and like factors within the knowledge and expertise of the attending physician. The
effective amount will generally be in the range of 0.1 mg to 1,000 mg.

[0104] According to a further embodiment, there is provided a compound of the Formula (1), or
a pharmaceutically acceptable salt thereof, as defined hereinbefore for use in providing an
inhibitory effect on IRAK4 kinase.
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[0105] According to a further embodiment, there is provided the use of a compound of the
Formula (), or a pharmaceutically acceptable salt thereof, as defined hereinbefore in the
manufacture of a medicament for use in providing an inhibitory effect on IRAK4 kinase.

[0106] According to a further embodiment, there is also provided a method for providing an
inhibitory effect on IRAK4 kinase which comprises administering an effective amount of a
compound of the Formula (I), or a pharmaceutically acceptable salt thereof, as defined
hereinbefore, to a patient in need thereof.

[0107] According to a further embodiment, there is provided a compound of the Formula (1), or
a pharmaceutically acceptable salt thereof, as defined hereinbefore, for use in providing a
selective inhibitory effect on IRAK4 kinase. In such cases the selective inhibitory effect
indicates that the concentration of the compound of Formula (I) required to effect 50%
inhibition in IRAK4 kinase activity in vitro is 10-fold, 100-fold or 1000-fold or more lower than
that required to effect 50% inhibition of another kinase, for example another kinase that if
inhibited gives rise to a toxic side effect.

[0108] According to a further embodiment, there is provided the use of a compound of the
Formula (1), or a pharmaceutically acceptable salt thereof, as defined hereinbefore, in the
manufacture of a medicament for use in providing a selective inhibitory effect on IRAK4 kinase.

[0109] According to a further embodiment, there is also provided a method for providing a
selective inhibitory effect on IRAK4 kinase which comprises administering an effective amount
of a compound of the Formula (l), or a pharmaceutically acceptable salt thereof, to a patient in
need thereof.

[0110] Described herein are compounds that can inhibit IRAK4 kinase. In biochemical and cell
based assays the compounds of the present specification are shown to be potent IRAK4
kinase inhibitors and may therefore be useful in the treatment of disorders mediated by IRAK4
kinase activity, in particular in the treatment of respiratory diseases such as asthma and
chronic obstructive pulmonary disease (COPD), of inflammatory diseases and of
autoinflammatory/autoimmune diseases such as systemic lupus erythematosus, rheumatoid
arthritis, myositis, Sjogren's syndrome, systemic sclerosis, gout, endometriosis, atopic
dermatitis and psoriasis.

[0111] In embodiments there is provided the use of a compound Formula (I) for the treatment
of respiratory disease, optionally wherein the respiratory disease is asthma and chronic
obstructive pulmonary disease (COPD).

[0112] In embodiments there is provided the use of a compound Formula (I) for the treatment
of inflammatory diseases or autoinflammatory/autoimmune diseases such as systemic lupus
erythematosus, rheumatoid arthritis, myositis, Sjégren's syndrome, systemic sclerosis, gout,
endometriosis, atopic dermatitis and psoriasis.
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[0113] In embodiments there is provided a method of treatment comprising administration of
an effective amount of a compound of Formula (I) to a patient in need thereof, wherein the
patient has a respiratory diseases, optionally wherein the respiratory disease is asthma and
chronic obstructive pulmonary disease (COPD).

[0114] In embodiments there is provided a method of treatment comprising administration of
an effective amount of a compound of Formula (I) to a patient in need thereof, wherein the
patient has an inflammatory diseases or autoinflammatory/autoimmune diseases such as
systemic lupus erythematosus, rheumatoid arthritis, myositis, Sjégren's syndrome, systemic
sclerosis, gout, endometriosis, atopic dermatitis and psoriasis.

[0115] According to a further aspect of the specification, there is provided the use of a
compound of the Formula (I), or a pharmaceutically acceptable salt thereof, as defined
hereinbefore, in the manufacture of a medicament for use in the treatment of disorders
mediated by IRAK4 kinase activity, in particular in the treatment of respiratory diseases such as
asthma and chronic obstructive pulmonary disease (COPD), of inflammatory diseases and of
autoinflammatory/autoimmune diseases such as systemic lupus erythematosus, rheumatoid
arthritis, myositis, Sjogren's syndrome, systemic sclerosis, gout, endometriosis, atopic
dermatitis and psoriasis.

[0116] It will be appreciated that the following examples are provided so that the nature of the
invention may be fully understood. It will also be appreciated that the following examples are
not intended to limit the scope of the description in any way.

Examples

[0117] The following abbreviations are used:

atm Standard Atmosphere Pressure Unit
aq. Aqueous

BOC tert-Butyloxycarbonyl

CO Carbon monoxide

Cs,CO3 Cesium carbonate

DCE 1,2-Dichloroethane

DCM Dichloromethane

DIAD Di-iso-propyl azodicarboxylate
DIPEA N,N-Di-iso-propylethylamine
DMAP 4-(Dimethylamino)pyridine
DMF N,N-Dimethylformamide
DMSO Dimethyl sulfoxide
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dppf 1,1'-Bis(diphenylphosphanyl)ferrocene

dppp 1,3-Bis(diphenylphosphino)propane

EtOAc Ethyl acetate

EtOH Ethanol

FA Formic acid

g Gram(s)

h Hour(s)

HATU N-[(Dimethylamino)-1H-1,2,3-triazolo-[4,5-b]pyridin-1-
ylmethylene]-N-methylmethanaminium hexafluorophosphate N-
oxide

HCI Hydrochloric acid

HPLC High performance liquid chromatography

K>CO4 Potassium carbonate

KF Potassium fluoride

KOH Potassium hydroxide

L Liter(s)

LiOH Lithium hydroxide

LIHMDS Lithium bis(trimethylsilyl)amide

MeCN Acetonitrile

MeOH Methanol

min Minute(s)

mL Milliliter(s)

MsCI Methanesulfonyl chloride

MTBE Methyl tert-butyl ether

NaBH4 Sodium tetrahydridoborate

NaH Sodium hydride

NaOH Sodium hydroxide

NH4 Ammonia

NH4HCO3 Ammonium bicarbonate

NH4ClI Ammonium chloride

NH4OH Ammonium hydroxide

nm Nanometer

N> Nitrogen

Pd(dppf)Cl,

[1,1'-Bis(diphenylphosphino)ferrocene]palladium(ll) dichloride
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Pd(dppf)Cl, - [1,1'-Bis(diphenylphosphino)ferrocene]palladium(ll) dichloride
CH,Cl, dichloromethane complex
Pd(OAc), Palladium(ll) acetate

Pd(OH), Palladium(ll) hydroxide

PE petroleum ether

PMB p-Methoxybenzyl

prep. Preparative

i-PrOH 2-Propanol

rt Room temperature

SFC Supercritical fluid chromatography
T3P Propanephosphonic acid anhydride
TFA Trifluoroacetic acid

TEA Triethylamine

TsCl 4-Methylbenzenesulfonyl chloride

[0118] Abbreviations used for analytical data, if not defined above, are consistent with the
common usage in the field (see J Med Chem Standard Abbreviations and Acronyms
http://pubsapp.acs.org/paragonplus/submission/imcmar/imcmar abbreviations.pdf?).

[0119] The compound names provided below are generated using PerkinEImer ChemDraw
Professional, Version 20.0.2.51. In instances where there is uncertainty as to the absolute
stereochemistry, relative stereochemistry is specified as far as possible.

PREPARATION OF INTERMEDIATES
Synthesis of Intermediate Int I-1: 5-Bromo-4-methoxy-2-nitrobenzaldehyde

5-Bromo-4-fluoro-2-nitrobenzaldehyde

[0120]

OsN F

2

[0121] A solution of fuming nitric acid (12.0 mL, 0.3 mol) in concentrated sulfuric acid (25 mL)
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was added dropwise to 3-bromo-4-fluorobenzaldehyde (19.3 g, 95.1 mmol) in concentrated
sulfuric acid (75 mL) at 0 °C. The resulting yellow solution was slowly warmed to rt and stirred
for 4 d. Then the reaction mixture was poured on crushed ice and the resulting precipitation
was collected by filtration to afford 5-bromo-4-fluoro-2-nitrobenzaldehyde (22.6 g, 96%) as a

yellow solid. m/z (ESI-), [M-HJ" = 245/247.

5-Bromo-4-methoxy-2-nitrobenzaldehyde (Int I-1)

[0122]

e
O5N 0]

2
|

[0123] Sodium methoxide (10.9 g, 60.6 mmol) in MeOH (46 mL) was added to 5-bromo-4-
fluoro-2-nitrobenzaldehyde (10.0 g, 40.3 mmol) in MeOH (150 mL) at rt. After stirring for 16 h
the reaction was quenched with water (300 mL), the formed solid was filtered off and washed
with water (100 mL) to afford 5-bromo-4-methoxy-2-nitrobenzaldehyde (6.6 g, 63%) as a pale-
yellow solid. "TH NMR (300 MHz, DMSO-dg) & 10.03 (s, 1H), 8.15 (s, 1H), 7.78 (s, 1H), 4.04 (s,
3H).

Synthesis of Intermediate Int I-2: 6-Cyclopropoxy-5-nitro-1H-indazole

2,4-Difluoro-5-nitrobenzaldehyde

[0124]

[0125] To a solution of 2,4-difluorobenzaldehyde (50.0 g, 351.9 mmol) in sulfuric acid (180 mL)
was slowly added a mixture of nitric acid (15 M) (30.5 mL, 457.4 mmol) and sulfuric acid (900
mL) over a period of 1 h at 0 °C under N5 atmosphere. The reaction mixture was stirred at rt

for additional 3 h before the mixture was poured on ice/water and extracted with EtOAc (400
mL x 3). The combined organic layers were dried over Nay;SQOy, filtered and concentrated

under reduced pressure to afford 2,4-difluoro-5-nitrobenzaldehyde (50.0 g, 76%) as a yellow
oil.

4-Cyclopropoxy-2-fluoro-5-nitrobenzaldehyde
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[0126]

[0127] 2,4-Difluoro-5-nitrobenzaldehyde (20.0 g, 106.9 mmol), cyclopropanol (6.2 g, 106.9
mmol) and DIPEA (37.3 mL, 213.8 mmol) in DMF (25 mL) were stirred at 100 °C for 2 h. The
reaction mixture was allowed to cool to rt, poured into ice/water (750 mL) and extracted with
EtOAc (350 mL). The organic layer was dried over NasSQOy, filtered and concentrated under

reduced pressure. The residue was purified by silica gel chromatography (eluting with
PE/EtOAc (6:1)) to afford crude 4-cyclopropoxy-2-fluoro-5-nitrobenzaldehyde (12.0 g) as a

yellow solid. MS ESI, m/z = 226 [M+H]*.

6-Cyclopropoxy-5-nitro-1H-indazole (Int 1-2)

[0128]

NO,

D
[0129] 4-Cyclopropoxy-2-fluoro-5-nitrobenzaldehyde (37.0 g, 164.3 mmol) was slowly added
into hydrazine hydrate (80% in water) (32.9 g, 525.8 mmol) in EtOH (100 mL). The resulting

mixture was stirred at rt for 15 min, and then stirred at 80 °C for 2 h. The reaction mixture was
allowed to cool to rt and concentrated under reduced pressure to afford 6-cyclopropoxy-5-

nitro-1H-indazole (34.0 g, 94%) as a red solid. MS ESI, m/z = 220 [M+H]*.

Synthesis of Intermediate Int 1-3: 6-Cyclopropoxy-5-iodo-1H-indazole

6-Cyclopropoxy-1H-indazol-5-amine

[0130]
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[0131] To a suspension of 6-cyclopropoxy-5-nitro-1H-indazole (Int 1-2) (35.0 g, 159.7 mmol)
and NH4CI (42.7 g, 798.4 mmol) in EtOH (100 mL) / water (100 mL) was added iron (44.6 g,

798.4 mmol). The resulting mixture was stirred at 80 °C for 2 h, cooled to rt, filtered, and the
filtrate was concentrated under reduced pressure. The residue was purified by silica gel
chromatography (eluting with PE/EtOAc (2:1)) to afford 6-cyclopropoxy-1H-indazol-5-amine

(15.3 g, 51%) as a red solid. MS ESI, m/z = 190 [M+H]*.

6-Cyclopropoxy-5-iodo-1H-indazole (Int I-3)

[0132]
o

[0133] To a solution of 6-cyclopropoxy-1H-indazol-5-amine (5.0 g, 26.4 mmol) in acetic acid
(100 mL) was slowly added a solution of sodium nitrite (2.7 g, 39.6 mmol) in water (10 mL) at 0
°C. The resulting mixture was stirred at rt for 1 h. Then a solution of potassium iodide (8.8 g,
52.9 mmol) in water (10 mL) was added dropwise and the mixture was stirred at 60 °C for 4 h.
The reaction mixture was cooled to rt, poured into water (400 mL) and extracted with EtOAc
(500 mL). The organic layer was dried over Nas>SOy, filtered and concentrated under reduced

pressure. The residue was purified by silica gel chromatography (eluting with PE/EtOAc (2:1))

to afford 6-cyclopropoxy-5-iodo-1H-indazole (4.0 g, 50%) as a red solid. '"H NMR (300 MHz,
DMSO-dg) © 12.95 (s, 1H), 8.16 (s, 1H), 7.89 (s, 1H), 7.28 (s, 1H), 3.94 - 4.02 (m, 1H), 0.61 -

0.95 (m, 4H). MS ESI, m/z = 301 [M+H]*.

Synthesis of Intermediate Int I1-4: 5-Bromo-6-cyclopropoxy-1H-indazole

6-Cyclopropoxy-1-(4-methoxybenzyl)-5-nitro-1H-indazole

[0134]

[0135] NaH (60 wt%) (26 g, 63.9 mmol) was slowly added to 1-(chloromethyl)-4-
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methoxybenzene (7.5 g, 47.9 mmol) and 6-cyclopropoxy-5-nitro-1H-indazole (Int 1-2) (7.0 g,
31.9 mmol) in DMF (20 mL). The resulting mixture was stirred at rt for 2 h. The mixture was
poured into water (750 mL) and extracted with EtOAc (1 x 400 mL). The organic layer was
dried over Na)SQOy, filtered and concentrated to yield the crude product, which was purified by

silica gel chromatography (eluting with PE/EtOAc 2/1) to afford 6-cyclopropoxy-1-(4-
methoxybenzyl)-5-nitro-1H-indazole (6.0 g, 55%) as a red solid. MS ESI, m/z = 340 [M+H]".

6-Cyclopropoxy-1-(4-methoxybenzyl)-1H-indazol-5-amine

[0136]

[0137] Iron (4.9 g, 88.4 mmol) was added to NH4ClI (4.7 g, 88.4 mmol) and 6-cyclopropoxy-1-

(4-methoxybenzyl)-S-nitro-1H-indazole (6.0 g, 17.7 mmol) in EtOH (20 mL) and water (20.00
mL). The resulting mixture was stirred at 80 °C for 2 h, cooled to rt and then filtered and
concentrated. The crude product was purified by silica gel chromatography (eluting with
PE/EtOAc 2/1) to afford 6-cyclopropoxy-1-(4-methoxybenzyl)-1H-indazol-5-amine (4.8 g, 88%)

as a red gum. MS ESI, m/z = 310 [M+H]*.

5-Bromo-6-cyclopropoxy-1-(4-methoxybenzyl)-1H-indazole

[0138]

[0139] Copper bromide (464 mg, 3.2 mmol) was added to tert-butylnitrite (333 mg, 3.2 mmol)
and 6-cyclopropoxy-1-(4-methoxybenzyl)-1H-indazol-5-amine (500 mg, 1.6 mmol) in MeCN (5
mL) at 16 °C over a period of 20 min under N, atmosphere. The resulting mixture was stirred

at 50 °C for 0.5 h. The mixture was cooled to rt, then poured into water (400 mL) and extracted
with EtOAc (2 x 400 mL). The organic phase was dried over NaSQOy, filtered and

concentrated. The crude product was purified by silica gel chromatography (eluting with
EtOAC/PE (1:3)) to afford 5-bromo-6-cyclopropoxy-1-(4-methoxybenzyl)-1H-indazole (68 mg,

11%) as a pale-yellow solid. MS ESI, m/z = 373/375 [M+H]*.
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5-Bromo-6-cyclopropoxy-1H-indazole (Int 1-4)

[0140]

y Br
‘Gt

N

H 2

[0141] TFA (3.0 mL, 39.0 mmol) was added to 5-bromo-6-cyclopropoxy-1-(4-
methoxybenzyl)-1H-indazole (400 mg, 1.1 mmol) in DCE (1 mL). The resulting mixture was
stirred at 100 °C for 12 h, cooled to rt and then concentrated. The crude product was purified
by flash C18-flash chromatography (eluting with 0 to 100% MeCN in water (5% NH4OH)) to

afford 5-bromo-6-cyclopropoxy-1H-indazole (156 mg, 58%) as a grey solid. 'TH NMR (300 MHz,
DMSO-dg) 6 13.00 (s, 1H), 7.99 (s, 1H), 7.94 (s, 1H), 7.36 (s, 1H), 4.00 (it, 1H), 0.83 - 0.92 (m,

2H), 0.70 - 0.80 (m, 2H). MS ESI, m/z = 253/255 [M+H]*.

Synthesis of Intermediate Int 1-5: Pyrazolo[1,5-a]pyrimidin-3-amine

[0142]

=N
N
HZN& ")
N\

[0143] An aq. NH3 solution (25%) (34.9 mL, 403.0 mmol) was added to a solution of the TFA

salt of pyrazolo[1,5-a]pyrimidin-3-amine (20.0 g, 80.6 mmol) in EtOH (300 mL). The resulting
mixture was stirred at rt for 2 h before the mixture was concentrated under reduced pressure.
The residue was purified by silica gel chromatography (eluting with 50 - 90% EtOAc in PE) to
afford pyrazolo[1,5-a]pyrimidin-3-amine (9.9 g, 92%) as an orange solid. MS ESI, m/z = 135

[M+H]*.

Synthesis of Intermediate Int Il-1: N-(Imidazo[1,2-b]pyridazin-3-yl)-6-methoxy-1H-
indazole-5-carboxamide

[0144]
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[0145] Pd(OAc), (89 mg, 0.4 mmol) was added to TEA (3.7 mL, 26.4 mmol), dppp (165 mg,
0.4 mmol), 5-bromo-6-methoxy-1H-indazole (2.0 g, 8.8 mmol) and imidazo[1,2-b]pyridazin-3-
amine (1.3 g, 9.7 mmol) in degassed MeCN (30 mL). The resulting mixture was stirred under
CO atmosphere at 4 bar at 100 °C for 23 h. After cooling of the mixture to rt, the formed
precipitate was collected by filtration, washed with MeCN (2 mL) and dried under vacuum to
afford N-(imidazo[1,2-b]pyridazin-3-yl)-6-methoxy-1H-indazole-5-carboxamide (2.4 g, 87%) as
a grey solid, which was used without further purification. '"H NMR (500 MHz, DMSO-dg) 5 12.86
(s, 1H), 10.79 (s, 1H), 8.50 - 8.65 (m, 2H), 8.15 (s, 1H), 8.01 - 8.12 (m, 2H), 7.23 (s, 1H), 7.18
(dd, 1H), 4.18 (s, 3H). m/z (ESI+) [M+H]" = 309.

Synthesis of Intermediate Int I1l-2: 6-Methoxy-N-(pyrazolo[1,5-a]pyrimidin-3-yl)-1H-
indazole-5-carboxamide

Methyl 6-methoxy-1H-indazole-5-carboxylate

[0146]

e
N
H o

[0147] A solution of Pd(dppf)Cls (9.7 g, 13.2 mmol), DIPEA (77 mL, 440.4 mmol) and 5-bromo-

6-methoxy-1H-indazole (20.0 g, 88 mmol) in MeOH (500 mL) was stirred under CO
atmosphere at 15 atm and 110 °C for 12 h. After cooling of the mixture to rt, the reaction
mixture was filtered through silica and the solvent was removed under reduced pressure. The
crude was purified by silica gel chromatography (eluting with 0 to 30% EtOAc in PE) to afford
methyl 6-methoxy-1H-indazole-5-carboxylate (8.0 g, 44%) as a brown solid. m/z (ESI+),

[M+H]* = 207.

6-Methoxy-1H-indazole-5-carboxylic acid

[0148]

0
N o)

H |
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[0149] LiOH (732 mg, 30.5 mmol) in water (5 mL) was added to methyl 6-methoxy-1H-
indazole-5-carboxylate (2.1 g, 10.2 mmol) in MeOH (5 mL) at rt under N> atmosphere. The

reaction mixture was stirred at rt for 3 h and then acidified with aq. HCI (0.1 M). The formed
precipitate was collected by filtration, washed with MeOH and dried under vacuum to afford 6-
methoxy-1H-indazole-5-carboxylic acid (1.6 g, 80%) as a grey solid, which was used without

further purification. m/z (ESI+), [M+H]* = 193.

6-Methoxy-N-(pyrazolo[1,5-a]pyrimidin-3-yl)-1H-indazole-5-carboxamide (Int 11-2)

[0150]

o =N
N
SOQ RS
N\ H
N o) N=
H |

[0151] Pyrazolo[1,5-a]pyrimidin-3-amine (Int I-5) (7.3 g, 54.0 mmol) was added to HATU (20.6
g, 54.0 mmol), DIPEA (36 mL, 208.0 mmol) and 6-methoxy-1H-indazole-5-carboxylic acid (8.0
g, 42.0 mmol) in THF (20 mL) at rt under N> atmosphere. The resulting solution was stirred for

2 h. The reaction mixture was poured into water (20 mL) and the formed solid was collected
via filtration, washed with water (100 mL) and dried under vacuum to afford 6-methoxy-N-
(pyrazolo[1,5-a]pyrimidin-3-yl)-1H-indazole-5-carboxamide (10.0 g) as a yellow solid, which

was used without further purification. TH NMR (300 MHz, DMSO-dg) 8 13.13 (s, 1H), 10.32 (s,
1H), 9.01 - 9.12 (m, 1H), 8.74 (s, 1H), 8.53 - 8.56 (m, 1H), 8.48 (s, 1H), 8.16 (s, 1H), 7.18 (s,
1H), 7.00 - 7.11 (m, 1H), 4.10 (s, 3H). m/z (ESI+), [M+H]* = 309.

Synthesis of Intermediate Int 1I-3: 6-Cyclopropoxy-N-(pyrazolo[1,5-a]pyrimidin-3-yl)-1H-
indazole-5-carboxamide

Methyl 6-cyclopropoxy-1H-indazole-5-carboxylate

[0152]

~
O

X

[0153] A suspension of 5-bromo-6-cyclopropoxy-1H-indazole (Int 1-4) (5.5 g, 21.7 mmol),
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DIPEA (2.1 g, 16.6 mmol) and Pd(dppf)Cl> (15.9 g, 21.7 mmol) in MeOH (30 mL) was stirred

under CO atmosphere at 15 atm and 110 °C for 12 h. The mixture was cooled to rt,
concentrated and was purified by silica gel chromatography (eluting with 0 - 50% EtOAc in PE)
to afford methyl 6-cyclopropoxy-1H-indazole-5-carboxylate (4.4 g, 87%) as a yellow solid. MS

ESI, miz = 233 [M+H]*.

6-Cyclopropoxy-1H-indazole-5-carboxylic acid

[0154]

N
H 0

A

[0155] To a solution of methyl 6-cyclopropoxy-1H-indazole-5-carboxylate (4.4 g, 19.0 mmol) in
MeOH (5 mL) at rt was added a solution of LiOH (1.4 g, 56.8 mmol) in water (5 mL). The
resulting solution was stirred at 30 °C for 12 h. The reaction mixture was cooled to rt, diluted
with water (25 mL) and washed with EtOAc (10 mL x 3). The aq. layer was acidified to pH4 - 5
with 0.1N HCI and the formed precipitate was collected by filtration to obtain 6-cyclopropoxy-

1H-indazole-5-carboxylic acid (2.7 g, 65%). MS ESI, m/z = 219 [M+H]*.

6-Cyclopropoxy-N-(pyrazolo[1,5-a]pyrimidin-3-yl)-1 H-indazole-5-carboxamide (Int 11-3)

[0156]

[0157] To a solution of 6-cyclopropoxy-1H-indazole-5-carboxylic acid (5.5 g, 25.2 mmol), HATU
(14.4 g, 37.8 mmol) and DIPEA (22.0 mL, 126.0 mmol) in DMF (6 mL) and THF (54 mL) at rt
was added pyrazolo[1,5-a]pyrimidin-3-amine (Int 1-5) (5.1 g, 37.8 mmol) was added. The
resulting solution was stirred at rt for 12 h. The reaction mixture was poured into water (1 L)
and the formed precipitate was collected by filtation. The solid was suspended in MeOH (150
mL), followed by the addition of KxCO3 (15 g) and the resulting mixture was stirred at rt for 2 h.

Subsequently, the suspension was poured into water (1 L) and filtered to give 6-cyclopropoxy-

N-(pyrazolo[1,5-a]pyrimidin-3-yl)-1H-indazole-5-carboxamide (6.9 g, 81%) as a yellow solid. 'H
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NMR (300 MHz, DMSO-dg) 5 13.14 (s, 1H), 10.26 (s, 1H), 8.97 - 9.17 (m, 1H), 8.76 (s, 1H),
8.42 - 8.64 (m, 2H), 8.18 (s, 1H), 7.48 (s, 1H), 6.95 -7.10 (m, 1H), 4.17 - 4.39 (m, 1H), 1.06 -
0.90 (m, 2H), 0.90 - 1.20 (m, 2H). MS ESI, m/z = 335 [M+H]*

Synthesis of Intermediate Int Ill-1: 1-Methyl-2-oxo-1-azaspiro[4.5]decan-8-yl 4-
methylbenzenesulfonate

8-Hydroxy-1-azaspiro[4.5]decan-2-one

[0158]
o H

N
X

[0159] To 1-azaspiro[4.5]decane-2,8-dione (4.5 g, 26.9 mmol) in MeOH (100 mL) at 0 °C was
added NaBH4 (2.0 g, 53.8 mmol) in one portion and the resulting solution was stirred at rt.

After 14 h the reaction mixture was quenched with EtOAc (50 mL), the solvent was removed in
vacuo, and the resulting residue was purified using silica gel chromatography (eluting with
EtOAc) to afford 8-hydroxy-1-azaspiro[4.5]decan-2-one (2.5 g, 55%) as a colourless oil. m/z

(ESI+), [M+H]* = 170.

2-Oxo-1-azaspiro[4.5]decan-8-yl 4-methylbenzenesulfonate

[0160]
H

Og N

[0161] TsCl (6.8 g, 358 mmol) was slowly added to a solution of 8-hydroxy-1-
azaspiro[4.5]decan-2-one (2.8 g, 16.3 mmol), DMAP (199 mg, 1.6 mmol) and TEA (9.1 mL,
65.0 mmol) in DCM (15 mL) at rt under N, atmosphere. The resulting mixture was stirred at rt

for 3 h. The reaction mixture was quenched with water (100 mL), extracted with DCM (15 mL x
3), dried over NasSQy, filtered and concentrated under reduced pressure. The residue was

purified by silica gel chromatography (eluting with 30 - 60% EtOAc in PE) to afford 2-oxo-1-

azaspiro[4.5]decan-8-yl 4-methylbenzenesulfonate (2.00 g, 38%) as a colorless solid. 'TH NMR
(300 MHz, DMSO-dg) © 7.79 (d, 2H), 7.47 (d, 2H), 4.39 - 4.59 (m, 1H), 2.42 (s, 3H), 2.07 - 2.19

(m, 2H), 1.48 - 1.83 (m, 8H), 1.35 - 1.48 (m, 2H). m/z (ESI+), [M+H]* = 324.
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1-Methyl-2-o0xo0-1-azaspiro[4.5]decan-8-yl 4-methylbenzenesulfonate (Int 111-1)

[0162]
/

Ox N

[0163] To a solution of 2-oxo-1-azaspiro[4.5]decan-8-yl 4-methylbenzenesulfonate (1.9 g, 5.9
mmol) in DMF (8 mL) at 0 °C under N, atmosphere was added NaH (60 wt.%) (352 mg, 8.8

mmol). The resulting suspension was stirred at 0 °C for 30 min, followed by the addition of
iodomethane (1.5 mL, 23.5 mmol). The reaction mixture was stirred at rt for another 6 h and
then quenched with water (10 mL). The mixture was purified directly by C18-flash
chromatography (eluting with 0 - 60% MeCN in water (0.5% NH4OH)) to afford 1-methyl-2-oxo-

1-azaspiro[4.5]decan-8-yl 4-methylbenzenesulfonate (1.8 g, 91%) as a colorless solid. TH NMR
(400 MHz, DMSO-dg) (3 : 1 mixture of isomers) & 7.78 - 7.86 (m, 2H), 7.48 (d, 2H), 4.61 -
4.70/4.43 - 4.53 (m, 1H) (isomers), 2.59/2.55 (s, 3H) (isomers), 2.42 (s, 3H), 2.13 - 2.23 (m,

2H), 1.54 - 1.89 (m, 8H), 1.15 - 1.26/1.26 - 1.37 (m, 2H) (isomers). m/z (ESI+), [M+H]* = 338.

Synthesis of Intermediate Int 1lI-2: tert-Butyl 7-((methylsulfonyl)oxy)-2-
azaspiro[3.5]lnonane-2-carboxylate

[0164]

o>\-—N OMs
00

[0165] To tert-butyl 7-hydroxy-2-azaspiro[3.5]nonane-2-carboxylate (2.0 g, 8.3 mmol) and TEA

(2.3 mL, 16.6 mmol) in DCM (15 mL) was added MsCI (839
L, 10.8 mmol) at 0 °C under N, atmosphere and the resulting solution was stirred at rt. After 15

h the reaction mixture was poured into water (150 mL) and extracted with DCM (3 x 100 mL).
The combined organic layers were dried over Na>SQy, filtered, and the solvent was removed in

vacuo to afford crude tert-butyl 7-((methylsulfonyl)oxy)-2-azaspiro[3.5]nonane-2-carboxylate
(2.70 g) as an orange solid. "H NMR (300 MHz, DMSO-dg) & 4.57 - 4.70 (m, 1H), 3.53 (s, 2H),
3.50 (s, 2H), 3.16 (s, 3H), 1.71 - 1.90 (m, 4H), 1.51 - 1.66 (m, 4H), 1.38 (s, 9H). m/z (ESI+),
[M-tBu+H]* = 264.

Synthesis of Intermediate Int Ill-3: 2-Hydroxy-2-methylspiro[3.5]nonan-7-yl 4-
methylbenzenesulfonate
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2-Methyl-8,11-dioxadispiro[3.2.47.24]tridecan-2-ol

[0166]
HO 0
XXX

[0167] A solution of methylmagnesium bromide in THF (3N, 10.0 mL, 30.0 mmol) was slowly

added to 8,11-dioxadispiro[3.2.47.24]tridecan-2-one (2.0g, 10.2 mmol) in THF (50 mL) at -78
°C under N> atmosphere. The resulting mixture was stirred for 1 h at -65 °C and for 2 h at -40

°C. The reaction mixture was quenched at -40 °C with an aq. saturated NH4CI solution (50

mL), allowed to warm to rt and extracted with EtOAc (3 x 50 mL). The combined organic layers
were dried over NasSOy, filtered, and the solvent was removed in vacuo. The resulting residue

was purified using silica gel chromatography (eluting with 30% to 40% EtOAc in PE) to afford 2-
methyl-8,11-dioxadispiro[3.2.47.24tridecan-2-ol (2.1 g, 97%) as a colourless oil.

2-Hydroxy-2-methylspiro[3.5]nonan-7-one

[0168]

HO
XX =0

[0169] An aq. HCI solution (2N, 20 mL, 40 mmol) was slowly added to 2-methyl-8,11-
dioxadispiro[3.2.47.2%tridecan-2-ol (2.1 g, 9.9 mmol) in THF (20 mL) at rt under Ny

atmosphere and stirring was continued for 2 h. The mixture was neutralised to pH 7 with an aq.
NaOH solution (2 M) and extracted with EtOAc (3 x 100 mL). The combined organic layers
were washed with brine (1 x 50 mL), dried over NasSO,4 and concentrated /n vacuo to afford

crude 2-hydroxy-2-methylspiro[3.5]nonan-7-one (1.7 @) as a colourless oil. m/z (ESI+), [M+H]*
=169.

2-Methylspiro[3.5]nonane-2,7-diol

[0170]

HO.
o
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[0171] NaBH4; (378 mg, 1.0 mmol) was slowly added to crude 2-hydroxy-2-
methylspiro[3.5]nonan-7-one (84 mg) in MeOH (3 mL) at rt under N, atmosphere and the

resulting mixture was stirred for 30 min. Then, the solvent was removed in vacuo and the
resulting residue was purified using silica gel chromatography (eluting with 50% to 70% EtOAc
in PE) to afford 2-methylspiro[3.5]nonane-2,7-diol (78 mg, 92%) as a colorless solid.

2-Hydroxy-2-methylspiro[3.5]nonan-7-yl 4-methylbenzenesulfonate (Int 111-3)

[0172]

HO
)<><}0Ts

[0173] TsCl (4.0 g, 21.0 mmol) was slowly added to 2-methylspiro[3.5]nonane-2,7-diol (1.2 g,
7.1 mmol), DMAP (172 mg, 1.4 mmol) and TEA (4.9 mL, 35.2 mmol) in DCM (50 mL) at rt
under N» atmosphere and the resulting mixture was stirred at 50 °C. After 16 h the reaction

mixture was allowed to cool to rt, quenched with water (50 mL) and extracted with DCM (2 x 50
mL). The combined organic layers were washed with brine (20 mL), dried over Na»,SO4 and

concentrated in vacuo. The resulting residue was purified using silica gel chromatography
(eluting with 10% to 50% EtOAc in PE) to afford 2-hydroxy-2-methylspiro[3.5]nonan-7-yl 4-
methylbenzenesulfonate (1.7 g, 74%) as a pale-yellow oil. '"H NMR (300 MHz, DMSO-dg) &
7.77 (d, 2H), 7.46 (d, 2H), 4.38 -4.51 (m, 1H), 2.41 (s, 3H), 1.21-1.81 (m, 12H), 1.18 (s,3H).

Synthesis of Intermediate Int lli-4: tert-Butyl 6-methyl-7-oxo-2-azaspiro[3.5]nonane-2-
carboxylate

[0174]
O>_N><:2:0
>

[0175] 1M LiHMDS in THF (157.0 mL, 157.0 mmol) was added to THF (100 mL) at -78 °C,
followed by the dropwise addition of a solution of terf-butyl 7-oxo-2-azaspiro[3.5]nonane-2-
carboxylate (18.8 g, 78.6 mmol) in THF (300 mL) over a period of 30 min under N>
atmosphere. The resulting mixture was stirred at -78 °C for 1 h. Subsequently, iodomethane
(22.3 g, 157.1 mmol) was added dropwise. The reaction mixture was stirred at -78 °C for
another 30 min, followed by stirring at rt for 15 h. The mixture was quenched with ice water
(150 mL) and extracted with EtOAc (500 mL x 3). The organic layer was dried over NasSQOy,

fitered and concentrated under reduced pressure. The residue was purified by silica gel
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chromatography (eluting with 16 - 20% EtOAc in PE) to afford tert-butyl 6-methyl-7-oxo-2-

azaspiro[3.5]nonane-2-carboxylate (9.5 g, 48%) as a pale-yellow solid. 'TH NMR (400 MHz,
DMSO-dg) © 3.83 (br. s, 2H), 3.53 (br. s, 2H), 2.40 - 2.49 (m, 2H), 2.06 - 2.22 (m, 3H), 1.72 -
1.83 (m, 1H), 1.47 - 1.57 (m, 1H), 1.39 (s, 9H), 0.88 (d, 3H). MS ESI, m/z = 239 [M-
tBu+CH3CN+2H]*.

Synthesis of Intermediates Int llI-5 & Int 1ll-6: rac-tert-Butyl (6R,7S)-6-methyl-7-
((methylsulfonyl)oxy)-2-azaspiro[3.5]nonane-2-carboxylate & rac-tert-Butyl (6S,7S)-6-
methyl-7-((methylsulfonyl)oxy)-2-azaspiro[3.5]nonane-2-carboxylate

rac-tert-Butyl (6R,7S)-7-hydroxy-6-methyl-2-azaspiro[3.5]lnonane-2-carboxylate & rac-
tert-Butyl (6 S,7S)-7-hydroxy-6-methyl-2-azaspiro[3.5]nonane-2--carboxylate

[0176]
(0] (0]
>—N<><:>-"OH N +1OH
AT
And Enantiomer And Enantiomer

[0177] To a solution of tert-butyl 6-methyl-7-0x0-2-azaspiro[3.5]nonane-2-carboxylate (Int lll-
4) (19.5 g, 77.0 mmol) in MeOH (300 mL) at 0 °C was added NaBH, (5.8 g, 153.9 mmol)

portionwise over a period of 40 min under N, atmosphere. The resulting mixture was warmed

to rt for 5 h. The reaction was quenched with brine (300 mL) and extracted with EtOAc (500
mL x 3). The combined organic layers were dried over Na>SQy, filtered and evaporated under

reduced pressure. The residue was purified twice by silica gel chromatography ((1.): eluting
with 25 - 30% EtOAc in PE; (2.): eluting with 25% EtOAc in PE) to afford rac-tert-butyl
(6R,7S)-7-hydroxy-6-methyl-2-azaspiro[3.5]nonane-2-carboxylate (13.6 g, 69%) and rac-tert-
butyl (6S,7S)-7-hydroxy-6-methyl-2-azaspiro[3.5]nonane-2-carboxylate (1.8 g, 9%) as

colorless solids. (6R,7S)-Isomer: MS ESI, m/z = 200 [M-tBu+2H]*; (6S,7S)-Isomer: MS ESI,
m/z = 200 [M-{Bu+2H]*.

rac-tert-Butyl (6R,7 S)-6-methyl-7-((methylsulfonyl)oxy)-2-azaspiro[3.5]nonane-2-
carboxylate (Int 111-5)

[0178]

O>—N - 1OMs
340

v
-
rd

And Enantiomer
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[0179] MsCI (7.7 mL, 98.7 mmol) was added dropwise to a solution of rac-tert-butyl (6R,7S)-7-
hydroxy-6-methyl-2-azaspiro[3.5]nonane-2-carboxylate (4.2 g, 16.5 mmol) and TEA (22.9 mL,
165 mmol) in DCM (20 mL) at rt over 15 min. The resulting mixture was stirred at rt for 12 h.
The mixture was washed with water (25 mL x 2). The organic layer was dried over NaySQy,

filtered and concentrated. The residue was purified by silica gel chromatography (eluting with
50 to 100% EtOAc in PE) to afford rac-tert-butyl (6R,7S)-6-methyl-7-((methylsulfonyl)oxy)-2-
azaspiro[3.5]nonane-2-carboxylate (3.5 g, 64%) as a yellow oil. '"H NMR (300 MHz, DMSO-dp)

5 4.64 - 468 (m, 1H), 3.41 - 3.61 (m, 4H), 3.16 (s, 3H), 1.94 - 2.02 (m, 1H), 1.52 - 1.82 (m,
5H), 1.38 (s, 10H), 0.88 - 0.97 (m, 3H).

rac-tert-Butyl (68,7 S)-6-methyl-7-((methylsulfonyl)oxy)-2-azaspiro[3.5]nonane-2-
carboxylate (Int 111-6)

[0180]

7LZ>\_N§<:2..IOMS

And Enantiomer

[0181] MsCI (0.55 mL, 7.1 mmol) was added dropwise to a solution of rac-tert-butyl (6S,7S)-7-
hydroxy-6-methyl-2-azaspiro[3.5]nonane-2-carboxylate (1.8 g, 7.1 mmol) and TEA (983 uL,
7.1 mmol) in DCM (8 mL) at 0 °C under N> atmosphere. The resulting solution was stirred at rt

for 3 h. The reaction mixture was quenched with water (10 mL) and extracted with DCM (15
mL x 3). The combined organic layers were dried over NasSQy, filtered, and concentrated

under reduced pressure. The residue was purified by silica gel chromatography (eluting with 0
- 60% EtOAc in PE) to afford rac-tert-butyl (6S,7S)-6-methyl-7-((methylsulfonyl)oxy)-2-

azaspiro[3.5]nonane-2-carboxylate (1.4 g, 60%) as a yellow solid. MS ESI, m/z = 667 [2M+H]*.

Synthesis of Intermediate Int -7 rac-(1R,3R)-3-Hydroxycyclohexyl 4-
methylbenzenesulfonate

[0182]
HO

Oy

And Enantiomer

[0183] TsCI (8.2 g, 42.0 mmol) was added to TEA (12.0 mL, 86.1 mmol), DMAP (526 mg, 4.3
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mmol) and rac-(1R,3R)-cyclohexane-1,3-diol (5 mg, 43.0 mmol) in DCM (300 mL) at 0 °C and
the resulting mixture was stirred at rt. After 2 h the reaction mixture was quenched with water
(200 mL) and extracted with DCM (2 x 300 mL). The combined organic layers were washed
with brine (1 x 200 mL), dried over Na,SO, and concentrated in vacuo. The resulting residue

was purified using silica gel chromatography (eluting with 0% to 40% EtOAc in DCM) to afford
rac-(1R,3R)-3-hydroxycyclohexyl 4-methylbenzenesulfonate (5.0 g, 43%) as a pale-yellow oil.
"H NMR (300 MHz, DMSO-dg) & 7.77 (d, 2H), 7.47 (d, 2H), 4.68 - 4.80 (m, 1H), 4.59 (br. s,
1H), 3.70 - 3.81 (m, 1H), 2.42 (s, 3H), 1.20 - 1.73 (m, 8H).

Synthesis of Intermediate Int 11-8: (1s,4s)-4-((tert-Butoxycarbonyl)amino)cyclohexyl 4-
methylbenzenesulfonate

[0184]

5 HN"-<:>-"OTS
A

[0185] TsCl (33.2 g, 174.2 mmol) was added to a solution of tert-butyl ((1s,4s)-4-
hydroxycyclohexyl)carbamate (15.0 g, 69.7 mmol), DMAP (851 mg, 7.0 mmol) and TEA (29.1
mL, 209.0 mmol) in DCM (300 mL) over a period of 5 min at rt under N> atmosphere. The

resulting mixture was stirred at 50 °C for 20 h. The reaction mixture was allowed to cool to rt,
diluted with DCM (500 mL), washed with brine (150 mL), dried over Na,SO4 and concentrated

under reduced pressure. The residue was purified by silica gel chromatography (eluting with
10 - 50% EtOAc in PE) to afford (1s,4s)-4-((tert-butoxycarbonyl)amino)cyclohexyl 4-
methylbenzenesulfonate (15.5 g, 60%) as a colorless solid.

[0186] H NMR (300 MHz, DMSO-dg) & 7.70 - 7.85 (m, 2H), 7.41 - 7.54 (m, 2H), 6.80 (d, 1H),
4.58 (s, 1H), 3.14 - 3.34 (m, 1H), 2.42 (s, 3H), 1.61-1.79 (m, 2H), 1.32 - 1.60 (m, 15H).

Synthesis of Intermediate Int 111-9: 4-((tert-Butoxycarbonyl)amino)cyclohexyl 4-
methylbenzenesulfonate

[0187]
7< HNO

[0188] TsCl (21.3 g, 111.5 mmol) was added dropwise to a solution of tert-butyl (4-
hydroxycyclohexyl)carbamate (cis/trans ratio 1:5) (20.0 g, 92.9 mmol) and TEA (25.9 mL,
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185.8 mmol) in DCM (400 mL) over a period of & min at rt under N, atmosphere. The resulting
mixture was stirred at rt for 20 h. The reaction mixture was diluted with DCM (400 mL), washed
with water (150 mL x 2) and concentrated under reduced pressure. The residue was purified
by silica gel chromatography (eluting with 10 - 25% EtOAc in PE) to afford 4-((tert-
butoxycarbonyl)amino)cyclohexyl 4-methylbenzenesulfonate (cis/trans ratio 1:5) (26.0 g, 76%)
as a colorless solid. 'TH NMR (300 MHz, DMSO-dg) (1 : 5 mixture of cis/trans-isomers) & 7.75 -
7.85 (m, 2H), 7.47 (d, 2H), 6.81/6.71 (d, 1H) (isomers), 4.54 - 4.62/4.27 - 442 (m, 1H)
(isomers), 3.10 - 3.28 (m, 1H), 2.42 (s, 3H), 1.62 - 1.83 (m, 4H), 1.39 - 1.58 (m, 2H), 1.30 -

1.38 (m, 9H) (isomers), 1.09 - 1.27 (m, 2H). MS ESI, m/z = 270 [M-Boc+2H]*.

Synthesis of Intermediate Int llI-10: 4-((tert-Butoxycarbonyl)(methyl)amino)cyclohexyl
4-methylbenzenesulfonate

[0189]
N
i S W

[0190] lodomethane (3.8 g, 27.1 mmol) was added dropwise to a suspension of NaH (60 wt.%)
(812 mg, 20.3 mmol) and (4-((tert-butoxycarbonyl)amino)cyclohexyl 4-methylbenzenesulfonate
(cis/trans ratio 1:5) (Int 1l1-9) (5.0 g, 13.5 mmol) in DMF (50 mL) at rt. The resulting mixture
was stirred at 60 °C for 4 h. The mixture was allowed to cool to rt, the reaction was quenched
with water (100 mL) and extracted with EtOAc (100 mL x 2). The combined organic layers
were washed with brine (100 mL x 4), dried over Na;SO,, filtered and concentrated under

reduced pressure to give a pale-yellow solid. The solid was purified by silica gel
chromatography (eluting with 10 - 25% EtOAc in PE) to afford 4-((tert-butoxycarbonyl)
(methyl)amino)cyclohexyl 4-methylbenzenesulfonate (cis/trans ratio 1:5) (2.5 g, 48%) as a

colorless solid. "TH NMR (300 MHz, DMSO-dg) 5 7.80 (d, 2H), 7.48 (d, 2H), 4.32 - 4.45 (m, 1H),
3.57 - 3.89 (m, 1H), 2.60 (s, 3H), 2.43 (s, 3H), 1.67 - 1.91 (m, 2H), 1.42 - 1.67 (m, 6H), 1.38 (s,
9H). MS ESI, m/z = 284 [M-Boc+2H]*.

Synthesis of Intermediates Int Ill-11 and Int 1lI-12: rac-(7R,8S)-7-Methyl-1,4-
dioxaspiro[4.5]decan-8-ol & rac-(7S,8S)-7-Methyl-1,4-dioxaspiro[4.5]decan-8-ol

[0191]

[ZQ...OH [ZQ,..OH

and Enantiomer and Enantiomer



DK/EP 4259632 T3

[0192] To a solution of 7-methyl-1,4-dioxaspiro[4.5]decan-8-one (50.0 g, 293.8 mmol) in
MeOH (500 mL) at 0 °C under N, atmosphere was added NaBH4 (22.3 g, 587.5 mmol)

portionwise over a period of 20 min. The resulting mixture was stirred at rt for 1 h and then
concentrated under reduced pressure. The residue was purified directly by silica gel
chromatography (eluting with 16% EtOAc in PE) to afford rac-(7R,8S)-7-methyl-1,4-
dioxaspiro[4.5]decan-8-ol (3.18 g, 6%) and rac-(7S,8S)-7-methyl-1,4-dioxaspiro[4.5]decan-8-ol
(19.00 g, 38%). rac-(7R,8S)-Isomers: 'H NMR (300 MHz, DMSO-dg) & 4.27 (d, 1H), 3.75 - 3.9
(m, 4H), 3.51-3.6 (m, 1H), 1.44 - 1.78 (m, 5H), 1.25 - 1.44 (m, 2H), 0.86 (d, 3H). rac-(7S,8S)-
Isomers:'H NMR (300 MHz, DMSO-dg) 8 4.45 (d, 1H), 3.75 - 3.89 (m, 4H), 2.89 - 3.05 (m,
1H), 1.27 - 1.77 (m, 6H), 1.19 (t, 1H), 0.90 (d, 3H).

Synthesis of Intermediate Int Ill-13: rac-(7R,8S)-7-Methyl-1,4-dioxaspiro[4.5]decan-8-yl
methanesulfonate

[0193]

(0]
0o
(o -

And Enantiomer

[0194] MsCI (1.4 mL, 17.4 mmol) was added dropwise to a solution of rac-(7R,8S)-7-methyl-
1,4-dioxaspiro[4.5]decan-8-ol (Int lI-11) (2.5 g, 14.5 mmol) and TEA (6.1 mL, 43.6 mmol) in
DCM (50 mL) over a period of 30 min at 0 °C under N, atmosphere. The resulting mixture was

stirred at rt for 2 h. The reaction mixture was quenched with brine (100 mL) and extracted with
DCM (100 mL x 3). The combined organic layers were dried over Na;SOy,, filtered, and

concentrated under reduced pressure. The residue was purified by silica gel chromatography
(eluting with 0 - 20% EtOAc in PE) to afford rac-(7R,8S)-7-Methyl-1,4-dioxaspiro[4.5]decan-8-yl
methanesulfonate (2.1 g, 58%) as a brown oil. 'H NMR (300 MHz, DMSO-dg) 5 4.71 (br. s,

1H), 3.80 - 3.92 (m, 4H), 3.17 (s, 3H), 2.02 - 2.13 (m, 1H), 1.85 - 2.02 (m, 1H), 1.32 - 1.83 (m,
5H), 0.94 (d, 3H).

Synthesis of Intermediate Int IV-1: (1s,4s)-4-(6-Cyclopropoxy-5-iodo-2H-indazol-2-
yl)cyclohexan-1-ol (1r,4r)-4-Hydroxycyclohexyl 4-methylbenzenesulfonate

[0195]

H0—<:>-"OTS
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[0196] To a solution of TsCl (8.2 g, 43.0 mmol), TEA (8.7 g, 86.1 mmol), and DMAP (591 mg,
4.8 mmol) in DCM (100 mL) was added (1r,4r)-cyclohexane-1,4-diol (5.0 g, 43.0 mmol). The
resulting mixture was stirred at rt for 14 h. The reaction mixture was concentrated under
reduced pressure and the residue was purified by silica gel chromatography (eluting with 20 -
50% EtOAc in PE) to afford (1R,4R)-4-hydroxycyclohexyl 4-methylbenzenesulfonate (2.1 g,
18%) as a colorless solid. 'TH NMR (300 MHz, DMSO-dg) 8 7.78 (d, 2H), 7.47 (d, 2H), 4.40 -

4.53 (m, 1H), 3.39 - 3.54 (m, 1H), 2.42 (s, 3H), 1.60 - 1.83 (m, 4H), 1.32 - 1.60 (m, 2H), 1.13 -
1.32 (m, 2H).

(1s,4s)-4-(6-Cyclopropoxy-5-iodo-2H-indazol-2-yl)cyclohexan-1-ol (Int IV-1)

[0197]

[0198] To a solution of 6-cyclopropoxy-5-iodo-1H-indazole (Int 1-3) (300 mg, 1.0 mmol) and
KOH (224 mg, 4.0 mmol) in DMF (30 mL) at rt was added (1r,4r)-4-hydroxycyclohexyl 4-
methylbenzenesulfonate (946 mg, 3.5 mmol). The resulting mixture was stirred at 80°C for 14
h. The mixture was cooled to rt, diluted with EtOAc (50 mL) and washed with water (50 mL).
The organic layer was dried over Na,SOy, filtered, and concentrated under reduced pressure.
The residue was purified by C18-flash chromatography (eluting with 0 - 100% MeCN in water
(0.1% FA)) to afford (1s,45)-4-(6-cyclopropoxy-5-iodo-2H-indazol-2-yl)cyclohexan-1-ol (115
mg, 25%) as a yellow solid. MS ESI, m/z = 399 [M+H]*.

Synthesis of Intermediate Int IV-2: (1r,4r)-4-(6-Cyclopropoxy-5-iodo-2H-indazol-2-
yl)cyclohexan-1-ol (1s,4s)-4-Hydroxycyclohexyl 4-methylbenzenesulfonate

[0199]

H0—<:>—OTS

[0200] To a solution of (1s,4s)-cyclohexane-1,4-diol (3.0 g, 25.8 mmol), TEA (5.2 g, 51.7
mmol) and DMAP (316 mg, 2.6 mmol) in DCM (50 mL) at 0 °C was added TsCl (5.2 g, 271
mmol). The resulting mixture was stirred at rt for 1 h. The reaction mixture was diluted with
DCM (50 mL) and washed sequentially with 0.1N HC! (50 mL) and water (50 mL). The organic
layer was dried over NasSQy, filtered and concentrated under reduced pressure. The residue

was purified by silica gel chromatography (eluting with 0 - 60% EtOAc in PE) to afford
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(1s,45)-4-hydroxycyclohexyl 4-methylbenzenesulfonate (2.2 g, 32%) as a colorless liquid. 'H
NMR (300 MHz, DMSO-dg) 6 7.78 (d, 2H), 7.47 (d, 2H), 4.47 - 4.55 (m, 1H), 3.43 - 3.53 (m,

1H), 2.42 (s, 3H), 1.60 - 1.78 (m, 2H), 1.35 - 1.60 (m, 6H).

(1r,4n-4-(6-Cyclopropoxy-5-iodo-2H-indazol-2-yl)cyclohexan-1-ol (Int IV-2)

[0201]

[0202] To a solution of (1s,4s)-4-hydroxycyclohexyl 4-methylbenzenesulfonate (1.3 g, 4.7
mmol) and 6-cyclopropoxy-5-iodo-1H-indazole (Int 1-3) (350 mg, 1.2 mmol) in DMF (20 mL)
was added KOH (196 mg, 3.5 mmol). The resulting mixture was stirred at 70 °C for 13 h. The
reaction mixture was cooled to rt, diluted with EtOAc (50 mL) and washed with water (50 mL).
The organic layer was dried over Na>SQy, filtered and concentrated under reduced pressure.

The residue was purified by C18-flash chromatography (eluting with 0 - 100% MeCN in water
(0.1% FA)) to afford (1r,4r)-4-(6-cyclopropoxy-5-iodo-2H-indazol-2-yl)cyclohexan-1-ol (110 mg,
24%) as a yellow solid. "TH NMR (300 MHz, DMSO-dg) & 8.23 (s, 1H), 8.16 (s, 1H), 7.30 (s, 1H),
466 (br. s, 1H), 4.32 - 4.47 (m, 1H), 3.87 - 3.99 (m, 1H), 3.43 - 3.59 (m, 1H), 1.82 - 2.12 (m,
6H), 1.35 - 1.47 (m, 2H), 0.82 - 0.91 (m, 2H), 0.66 - 0.75 (m, 2H). MS ESI, m/z = 399 [M+H]*.

Synthesis of Intermediate Int IV-3: rac-5-Bromo-6-methoxy-2-((7R,8R)-7-methyl-1,4-
dioxaspiro[4.5]decan-8-yl)-2H-indazole

[0203]

o) ~ Br
LX)
O 4 N 0
% I

And Enantiomer

[0204] To a solution of 5-bromo-6-methoxy-1H-indazole (1.5 g, 6.6 mmol) and KOH (1.5 g,
26.4 mmol) in DMF (40 mL) at rt was added rac-(7R,8S)-7-methyl-1,4-dioxaspiro[4.5]decan-8-
yl methanesulfonate (Int 1lI-13) (2.0 g, 8.0 mmol). The resulting mixture was stirred overnight
at 80 °C. The reaction mixture was diluted with EtOAc (300 mL) and washed with brine (150
mL x 4). The organic layer was dried over Na>SQy, filtered and concentrated under reduced

pressure. The residue was purified by C18-flash chromatography (eluting with 0 - 80% MeCN
in water (0.1% FA)) to afford rac-5-bromo-6-methoxy-2-((7R,8R)-7-methyl-1,4-
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dioxaspiro[4.5]decan-8-yl)-2H-indazole (600 mg, 22%) as a brown solid. MS ESI, m/z =
381/383 [M+H]*.

Synthesis of Intermediates Int IV-4 & Int IV-5: 5-Bromo-6-methoxy-2-((7R,8R)-7-methyl-
1,4-dioxaspiro[4.5]decan-8-yl)-2H-indazole & 5-Bromo-6-methoxy-2-((7S,8S)-7-methyl-
1,4-dioxaspiro[4.5]decan-8-yl)-2H-indazole

[0205]
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[0206] rac-5-Bromo-6-methoxy-2-((7R,8R)-7-methyl-1,4-dioxaspiro[4.5]decan-8-yl)-2H-
indazole (Int IV-3) (7.3 g, 19.2 mmol) was separated by prep. SFC (Chiralpak® IG, 5 um 50 x
250 mm; isocratic with 50% MeOH (0.1% 2N NH3;-MeOH) in CO, (35 °C, 100 bar); 200
mL/min) to afford 5-bromo-6-methoxy-2-((7R,8R)-7-methyl-1,4-dioxaspiro[4.5]decan-8-yl)-2 H-
indazole (3.1 g, 43%, 100%ee) and 5-bromo-6-methoxy-2-((7S,8S)-7-methyl-1,4-
dioxaspiro[4.5]decan-8-yl)-2H-indazole (3.0 g, 41%, 100%ee), both as grey solids. The H
NMR and MS obtained for both products were identical. '"H NMR (300 MHz, DMSO-dg) 5 8.25
(d, 1H), 7.96 (s, 1H), 7.12 (s, 1H), 4.13 (td, 1H), 3.87 - 3.99 (m, 4H), 3.87 (s, 3H), 2.26 - 2.43
(m, 1H), 2.19 (td, 1H), 1.75 - 1.99 (m, 3H), 1.68 (id, 1H), 1.46 (t, 1H), 0.52 (d, 3H). MS ESI,
m/z = 381/383 [M+H]*.

Synthesis of Intermediates Int IV-6 & Int IV-7: (5s,8s)-8-(5-Bromo-6-methoxy-2H-indazol-
2-yl)-2-methyl-2-azaspiro[4.5]decan-3-one & (5r,8r)-8-(5-Bromo-6-methoxy-2H-indazol-2-
yl)-2-methyl-2-azaspiro[4.5]decan-3-one

2-Methyl-3-ox0-2-azaspiro[4.5]decan-8-yl methanesulfonate

[0207]

~

O

[0208] MsCI (2.0 g, 17.6 mmol) was added dropwise to a solution of 8-hydroxy-2-methyl-2-
azaspiro[4.5]decan-3-one (1.9 g, 10.4 mmol) and DIPEA (4.7 g, 36.3 mmol) in DCM (25 mL) at
0 °C. The resulting mixture was warmed to rt and stirred for 48 h. The reaction mixture was
quenched with ice cold aq. half-saturated NaHCO4 (30 mL) and extracted with DCM (50 mL x
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2). The combined organic layers were dried over NaySOy, filtered and concentrated under

reduced pressure. The residue was purified by silica gel chromatography (eluting with DCM) to
give as 2-methyl-3-oxo-2-azaspiro[4.5]decan-8-yl methanesulfonate (3.1 g, 96%) as an orange
oil.

(5s,8s)-8-(5-Bromo-6-methoxy-2H-indazol-2-yl)-2-methyl-2-azaspiro[4.5]decan-3-one (Int
IV-6) & (5r,8r)-8-(5-Bromo-6-methoxy-2H-indazol-2-yl)-2-methyl-2-azaspiro[4.5]decan-3-
one (Int IV-7)

[0209]
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[0210] To a solution of 5-bromo-6-methoxy-1H-indazole (775 mg, 3.4 mmol) and KOH (434
mg, 7.0 mmol) in THF (15 mL) at 75 °C was added 2-methyl-3-0x0-2-azaspiro[4.5]decan-8-yl
methanesulfonate (1.3 g, 5.0 mmol). The resulting mixture was stirred at 75 °C overnight. The
reaction was cooled to rt, quenched with water, extracted with DCM (40 mL x 4), dried and

concentrated under reduced pressure. The residue was loaded onto a 10 g Isolute®SCX2
exchange cartridge. The cartridge was washed with DCM/MeOH (1:1) (150 mL) to remove the
unwanted 1H-indazole isomer and then eluted with 100 mL 2N NH3-MeOH solution / DCM

(1:1) to give the crude product after evaporation of the solvent. The brown residue was further
purified by silica gel chromatography (eluting with EtOAc and then with 0 - 2% 2N NH3;-MeOH

solution in DCM) to give 8-(5-bromo-6-methoxy-2H-indazol-2-yl)-2-methyl-2-
azaspiro[4.5]decan-3-one. This material was futher separated by chiral prep. SFC (Lux®
Cellulose-3, 5 pm 30 mm x 250 mm,; isocratic with 20% EtOH (20 mM diethylamine) in CO»
(40°C, 130 bar); 120 mL/min) to give as first eluting isomer (5s,85)-8-(5-bromo-6-methoxy-2 H-
indazol-2-yl)-2-methyl-2-azaspiro[4.5]decan-3-one (153 mg, 3%, 100%ee) and as second
eluting isomer (5r,8r)-8-(5-bromo-6-methoxy-2H-indazol-2-yl)-2-methyl-2-azaspiro[4.5]decan-
3-one (153 mg, 3%, 99.2%ee). (5s,8s)-Isomer: 'H NMR (500 MHz, CDCl3) 5 7.83 (s, 1H),
7.80 (s, 1H), 7.03 (s, 1H), 4.26 - 4.36 (m, 1H), 3.91 (s, 3H), 3.34 (s, 2H), 2.85 (s, 3H), 2.28 (s,
2H),2.12 - 2.20 (m, 2H), 2.01 - 2.12 (m, 2H), 1.87 - 1.96 (m, 2H), 1.57 - 1.68 (m, 2H). MS ESI,
m/z = 392/394 [M+H]*. (5r,81-Isomer: "H NMR (500 MHz, CDCl3) 8 7.85 (s, 1H), 7.82 (s, 1H),
7.03 (s, 1H), 4.29 -4.41 (m, 1H), 3.92 (s, 3H), 3.18 (s, 2H), 2.85 (s, 3H), 2.41 (s, 2H), 2.18 -
2.26 (m, 2H), 1.96 - 2.09 (m, 2H), 1.85 - 1.95 (m, 2H), 1.57 - 1.69 (m, 2H). MS ESI, m/z =
392/394 [M+H]*.

Synthesis of Intermediate Int 1V-8: tert-Butyl ((1r,4-4-(5-bromo-6-methoxy-2H-indazol-
2-yl)cyclohexyl)carbamate
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[0212] To a solution of tert-butyl ((1r,4r)-4-aminocyclohexyl)carbamate (10.5 g, 49.0 mmol) in
i-PrOH (200 mL) at rt was added 5-bromo-4-methoxy-2-nitrobenzaldehyde (Int 1-1) (12.7 g,
49.0 mmol) under N, atmosphere. The resulting mixture was stirred at 80 °C for 1 h, followed

by the addition of tri-n-butylphosphine (29.7 g, 147.0 mmol). The reaction mixture was stirred
at 80 °C for 13 h. The mixture was cooled to rt and concentrated under reduced pressure. The
residue was purified by silica gel chromatography (eluting with 9 - 50% EtOAc in PE) to afford
tert-butyl ((1r,4r)-4-(5-bromo-6-methoxy-2H-indazol-2-yl)cyclohexyl)carbamate (14.2 g, 68%)

as a colorless solid. MS ESI, m/z = 424/426 [M+H]".

Synthesis of Intermediates Int V-1 & Int V-2: N-(Imidazo[1,2-b]pyridazin-3-yl)-6-methoxy-
2-((1S,28)-2-methyl-4-oxocyclohexyl)-2H-indazole-5-carboxamide & N-(Imidazo[1,2-
b]pyridazin-3-yl)-6-methoxy-2-((1R,2R)-2-methyl-4-oxocyclohexyl)-2H-indazole-5-
carboxamide

rac-(3R,4R)-4-(5-Bromo-6-methoxy-2H-indazol-2-yl)-3-methylcyclohexan-1-one

[0213]

And Enantiomer

[0214] rac-5-Bromo-6-methoxy-2-((7R,8R)-7-methyl-1,4-dioxaspiro[4.5]decan-8-yl)-2H-
indazole (Int IV-3) (400 mg, 1.1 mmol) was added to a 1.2N HC! solution in THF (5 mL) / water
(5 mL) at rt under N, atmosphere. The resulting mixture was stirred at rt overnight. The
reaction mixture was purified by C18-flash chromatography (eluting with 0 - 60% MeCN in
water (0.05% TFA)) to afford rac-(3R,4R)-4-(5-bromo-6-methoxy-2H-indazol-2-yl)-3-

methylcyclohexan-1-one (330 mg, 93%) as a yellow solid. MS ESI, m/z = 337/339 [M+H]".

N-(Imidazo[1,2-b]pyridazin-3-yl)-6-methoxy-2-((1S,2S)-2-methyl-4-oxocyclohexyl)-2H-
indazole-5-carboxamide (Int V-1) & N-(Imidazo[1,2-b]pyridazin-3-yl)-6-methoxy-2-
((1R,2R)-2-methyl-4-oxocyclohexyl)-2H-indazole-5-carboxamide (Int V-2)
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[0216] A suspension of rac-(3R,4R)-4-(5-bromo-6-methoxy-2H-indazol-2-yl)-3-
methylcyclohexan-1-one (330 mg, 1.0 mmol), imidazo[1,2-b]pyridazin-3-amine (201 mg, 1.5
mmol), Pd(OAc), (22 mg, 0.1 mmol), dppp (81 mg, 0.2 mmol) and TEA (409 uL, 2.9 mmol) in

MeCN (15 mL) was stirred under CO atmosphere at 15 atm and 90 °C for 15 h. The mixture
was cooled to rt, concentrated and purified by C18-flash chromatography (eluting with 0 - 80%
MeCN in water (0.1% NH4OH)) to afford rac-N-(imidazo[1,2-b]pyridazin-3-yl)-6-methoxy-2-
((1R,2R)-2-methyl-4-oxocyclohexyl)-2H-indazole-5-carboxamide as a yellow solid. This
material was separated by prep. chiral SFC (Chiralpak® AS-H, 5 ym 20 mm x 250 mm;
isocratic with 45% i-PrOH (2 mM NH3-MeOH) in CO» (40 °C, 70 bar); 40 mL/min) to afford as
first eluting isomer  N-(imidazo[1,2-b]pyridazin-3-yl)-6-methoxy-2-((1S,2S)-2-methyl-4-
oxocyclohexyl)-2H-indazole-5-carboxamide (220 mg, 34%, 71.2%ee) and as second eluting
isomer N-(imidazo[1,2-b]pyridazin-3-yl)-6-methoxy-2-((1R,2R)-2-methyl-4-oxocyclohexyl)-2 H-
indazole-5-carboxamide (200 mg, 31%, 83.3%ee), both as a yellow solids. The "H NMR and
MS obtained for both products were identical. 'TH NMR (400 MHz, DMSO-dg) 5 11.05 (s, 1H),
8.67 (s, 1H), 8.65 (dd, 1H), 8.60 (s, 1H), 8.16 (dd, 1H), 8.06 (s, 1H), 7.30 (s, 1H), 7.23 (dd,
1H), 4.61 - 4.76 (m, 1H), 4.13 (s, 3H), 2.64 - 2.79 (m, 1H), 2.52 - 2.60 (m, 1H), 2.23 - 2.49 (m,
5H), 0.65 (d, 3H). MS ESI, m/z = 419 [M+H]*.

Synthesis of Intermediate Int V-3: N-(imidazo[1,2-b]pyridazin-3-yl)-6-methoxy-2-
((1r,4r)-4-(methylamino)cyclohexyl)-2H-indazole-5-carboxamide

tert-Butyl ((1r,4N-4-(5-bromo-6-methoxy-2H-indazol-2-yl)cyclohexyl)(methyl)carbamate

[0217]
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[0218] To a solution of tert-butyl ((1r,4r)-4-(5-bromo-6-methoxy-2H-indazol-2-
ylcyclohexyl)carbamate (Int IV-8) (990 mg, 2.3 mmol) in DMF (10 mL) at 0 °C was added NaH
(60 wt.%) (1.1 g, 28.0 mmol). The resulting mixture was stirred at 0 °C for 30 min followed by
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the addition of iodomethane (662 mg, 4.7 mmol). The reaction mixture was stirred at rt for 15
h, then quenched with water (10 mL) and purified directly by C18-flash chromatography
(eluting with 0 - 100% MeCN in water (0.05% NH4OH)) to afford tert-butyl ((1r,4r)-4-(5-bromo-

6-methoxy-2H-indazol-2-yl)cyclohexyl)(methyl)carbamate (600 mg, 59%) as a black solid,
which was used without further purification. MS ESI, m/z = 438/440 [M+H]".

tert-Butyl ((1r,4n-4-(5-(imidazo[1,2-b]pyridazin-3-ylcarbamoyl)-6-methoxy-2H-indazol-2-
yl)cyclohexyl)(methyl)carbamate

[0219]
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[0220] A suspension of tert-butyl ((1r,4r)-4-(5-bromo-6-methoxy-2H-indazol-2-yl)cyclohexyl)
(methyl)carbamate (380 mg, 0.9 mmol), imidazo[1,2-b]pyridazin-3-amine (134 mg, 1.0 mmol),
Pd(OAc)» (44 mg, 0.2 mmol), dppp (165 mg, 0.4 mmol) and TEA (604 pL, 4.3 mmol) in MeCN

(20 mL) was stirred under CO atmosphere at 15 atm and100 °C for 15 h. Then, the mixture
was cooled to rt and concentrated under reduced pressure. The residue was purified by C18-
flash chromatography (eluting with 0 - 100% acetronitrile in water (0.05% NH,OH)) to afford

tert-butyl ((1r,4n-4-(5-(imidazo[1,2-b]pyridazin-3-ylcarbamoyl)-6-methoxy-2 H-indazol-2-
ylcyclohexyl)(methyl)carbamate (430 mg, 95%) as a red solid. 'TH NMR (300 MHz, DMSO-dg)
0 11.04 (s, 1H), 8.63 (d, 1H), 8.60 (s, 1H), 8.56 (s, 1H), 8.14 (dd, 1H), 8.05 (s, 1H), 7.26 (s,
1H), 7.21 (dd, 1H), 4.34 -4.61 (m, 1H), 4.11 (s, 3H), 3.79 - 4.04 (m, 1H), 2.73 (s, 3H), 2.12 -

2.33 (m, 2H), 1.92 - 2.12 (m, 2H), 1.62 - 1.92 (M, 4H), 1.42 (s, 9H). MS ESI, m/z = 520 [M+H]*.

N-(imidazo[1,2-b]pyridazin-3-yl)-6-methoxy-2-((1r,4)-4-(methylamino)cyclohexyl)-2H-
indazole-5-carboxamide (Int V-3)

[0221]
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[0222] tert-Butyl ((1r,4r)-4-(5-(imidazo[1,2-b]pyridazin-3-ylcarbamoyl)-6-methoxy-2H-indazol-
2-yl) cyclohexyl)(methyl)carbamate (430 mg, 0.8 mmol) was added into 2N HC! in dioxane (12
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mL, 24.0 mmol) at rt under N, atmosphere. The resulting mixture was stirred at rt for 2 h and
then concentrated under reduced pressure to afford the crude HCI salt of N-(imidazo[1,2-
b]pyridazin-3-yl)-6-methoxy-2-((1r,4r)-4-(methylamino)cyclohexyl)-2 H-indazole-5-carboxamide
(300 mg), which was used directly without further purification. "H NMR (300 MHz, DMSO-dg) &
11.26 (s, 1H), 8.97 (dd, 1H), 8.63 (s, 1H), 8.60 (s, 1H), 8.43 (dd, 1H), 8.37 (s, 1H), 7.67 (dd,
1H), 7.28 (s, 1H), 4.48 -4.64 (m, 1H), 4.13 (s, 3H), 3.01 - 3.22 (m, 1H), 2.54 - 2.59 (m, 3H),
2.12-2.29 (m, 4H), 1.85-2.12 (m, 2H), 1.47 - 1.73 (m, 2H). MS ESI, m/z = 420 [M+H]".

Synthesis of Intermediate Int V-4: 6-Methoxy-2-((1r,4n-4-(methylamino)cyclohexyl)-N-
(pyrazolo[1,5-a]pyrimidin-3-yl)-2H-indazole-5-carboxamide

tert-Butyl ((1r,4N-4-(5-bromo-6-methoxy-2H-indazol-2-yl)cyclohexyl)(methyl)carbamate

[0223]
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[0224] To a solution of fert-butyl ((1r,4r)-4-(5-bromo-6-methoxy-2H-indazol-2-
yhcyclohexyl)carbamate (Int IV-8) (4.2 g, 9.9 mmol) in DMF (50 mL) at 0 °C under N>
atmosphere was added NaH (60 wt.%) (792 mg, 19.8 mmol). The resulting suspension was
stirred at rt for 30 min, followed by the addition of iodomethane (1.2 mL, 19.8 mmol). After
stirring for 13 h, the reaction was quenched with water (150 mL). The precipitate was filtered,
washed with water (150 mL) and dried in vacuo to afford fert-butyl ((1r,4r)-4-(5-bromo-6-
methoxy-2 H-indazol-2-yl)cyclohexyl)(methyl)carbamate (4.4 g, 100%) as a colorless solid. MS

ESI, m/z = 438/440 [M+H]".

Methyl 2-((1r,4n)-4-((tert-butoxycarbonyl)(methyl)amino)cyclohexyl)-6-methoxy-2H-
indazole-5-carboxylate

[0225]
0
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0
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[0226] A suspension of terf-butyl ((1r,4r)-4-(5-bromo-6-methoxy-2H-indazol-2-yl)cyclohexyl)
(methyl)carbamate (4.3 g, 9.8 mmol), Pd(dppf)Cl» (714 mg, 1.0 mmol) and TEA (13.6 mL, 97.6

mmol) in MeOH (125 mL) was stirred under CO atmosphere at 15 atm and 100 °C for 15 h.
The reaction mixture was cooled to rt and concentrated under reduced pressure. The residue
was purified by silica gel chromatography (eluting with 30 - 50% EtOAc in PE) to afford methyl
2-((1r,4r)-4-((tert-butoxycarbonyl)(methyl)amino)cyclohexyl)-6-methoxy-2H-indazole-5-

carboxylate (3.8 g, 93%) as a yellow solid. MS ESI, m/z = 418 [M+H]".

2-((1r,4n)-4-((tert-Butoxycarbonyl)(methyl)amino)cyclohexyl)-6-methoxy-2 H-indazole-5-
carboxylic acid

[0227]
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[0228] To a solution of methyl 2-((1r,4r)-4-((tert-butoxycarbonyl)(methyl)amino)cyclohexyl)-6-
methoxy-2H-indazole-5-carboxylate (2.9 g, 6.9 mmol) in MeOH (50 mL) / water (25 mL) at rt
was added NaOH (556 mg, 13.9 mmol). The resulting solution was stirred at 30 °C for 12 h.
The reaction mixture was cooled to rt and acidified to pH ~6 with 4N HCI. The precipitate was
filtered, washed with water (200 mL) and dried in vacuo to afford 2-((1r4n)-4-((tert-
butoxycarbonyl)(methyl)amino)cyclohexyl)-6-methoxy-2H-indazole-5-carboxylic acid (2.7 g,

95%) as a pale-yellow solid. MS ESI, m/z = 404 [M+H]".

tert-Butyl ((1r,4r)-4-(6-methoxy-5-(pyrazolo[1,5-a]pyrimidin-3-ylcarbamoyl)-2H-indazol-2-
yl)cyclohexyl)(methyl)carbamate

[0229]
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[0230] To a solution of 2-((1r,4r)-4-((tert-butoxycarbonyl)(methyl)amino)cyclohexyl)-6-
methoxy-2H-indazole-5-carboxylic acid (2.6 g, 6.4 mmol) and DIPEA (3.4 mL, 19.3 mmol) in
DMF (50 mL) at rt under Ny atmosphere was added HATU (2.9 g, 7.7 mmol). The resulting

mixture was stirred at rt for 15 min, followed by the addition of the HCI salt of pyrazolo[1,5-
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a]pyrimidin-3-amine (1.4 g, 8.4 mmol). The reaction mixture was stirred at rt for 13 h. The
mixture was diluted with water (100 mL) and filtered to obtained the crude solid. The solid was
washed with water (100 mL) and then purified by silica gel chromatography (eluting with 0 -5%
MeOH in DCM) to afford tert-butyl ((1r,4r)-4-(6-methoxy-5-(pyrazolo[1,5-a]pyrimidin-3-
ylcarbamoyl)-2H-indazol-2-yl)cyclohexyl)(methyl)carbamate (3.3 g, 99%) as a yellow solid. MS

ESI, m/z = 520 [M+H]*.

6-Methoxy-2-((1r,4-4-(methylamino)cyclohexyl)-N-(pyrazolo[1,5-a]pyrimidin-3-yl)-2H-
indazole-5-carboxamide (Int V-4)

[0231]
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[0232] To a solution of tert-butyl ((1r,4r)-4-(6-methoxy-5-(pyrazolo[1,5-a]lpyrimidin-3-
ylcarbamoyl)-2H-indazol-2-yl)cyclohexyl)(methyl)carbamate (3.3 g, 6.4 mmol) in DCM (40 mL)
at rt under N> atmosphere was added 4N HCI in dioxane (15.9 mL, 63.5 mmol) and the

resulting solution was stirred at rt for 12 h. The mixture was concentrated under reduced
pressure to afford the HCI salt of 6-methoxy-2-((1r,4r)-4-(methylamino)cyclohexyl)-N-
(pyrazolo[1,5-a]pyrimidin-3-yl)-2 H-indazole-5-carboxamide (2.9 g) as a pale-yellow solid, which

was used directly without further purification. MS ESI, m/z = 420 [M+H]*.

Synthesis of Intermediate Int V-5: 2-(2-Acetyl-2-azaspiro[3.5]nonan-7-yl)-6-hydroxy-N-
(imidazo[1,2-b]pyridazin-3-yl)-2H-indazole-5-carboxamide

[0233]
o /[N\

[0234] BBr3 (8.0 mL, 8.3 mmol) was added dropwise to 2-(2-acetyl-2-azaspiro[3.5]nonan-7-yl)-
N-(imidazo[1,2-b]pyridazin-3-yl)-6-methoxy-2 H-indazole-5-carboxamide (Example 21, see
below)(380 mg, 0.8 mmol) in DCM (15 mL) over a period of 5 min at 0 °C under N

atmosphere and the resulting mixture stirred at 40 °C. After 6 h the reaction mixture was
allowed to cool to rt, quenched with an aq. saturated NaHCO3 solution (10 mL) and diluted with

brine (50 mL). The mixture was extracted with EtOAc (2 x 50mL). The combined organic layers
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were dried over Na,SOy, filtered and concentrated under reduced pressure. The resulting
residue was purified using C18-flash chromatography (eluting with 0% to 25% MeCN in water)
followed by silica gel chromatography (eluting with 9% to 10% MeOH in DCM) to afford 2-(2-
acetyl-2-azaspiro[3.5]nonan-7-yl)-6-hydroxy-N-(imidazo[1,2-b]pyridazin-3-yl)-2 H-indazole-5-

carboxamide (170 mg, 46%) as a light brown solid. 'TH NMR (300 MHz, DMSO-dg) (1:1 mixture

of rotamers) & 11.69 (s, 1H), 11.62 (s, 1H), 8.62 (s, 1H), 8.60 (dd, 1H), 8.57 (s, 1H), 8.15 (dd,
1H), 8.10 (s, 1H), 7.21 (dd, 1H), 7.00 (s, 1H), 4.33 - 4.53 (m, 1H), 3.92 (s, 1H), 3.80 (s, 1H),
3.63 (s, 1H), 3.52 (s, 1H), 1.83 - 2.12 (m, 6H), 1.76/1.78 (s, 3H) (rotamers), 1.61 - 1.74 (m,

2H). miz (ESI+), [M+H]* = 460.

EXAMPLES

N-(Imidazo[1,2-b]pyridazin-3-yl)-6-methoxy-2-((5r,8)-1-methyl-2-ox0-1-
azaspiro[4.5]decan-8-yl)-2H-indazole-5-carboxamide (Example 1)

8-Amino-1-azaspiro[4.5]decan-2-one

[0235]
H

Ox—N

[0236] 1-azaspiro[4.5]decane-2,8-dione (1.0 g, 6.0 mmol) was mixed with 4N NH3 in MeOH
(46.0 mL, 0.18 mol) and stirred at rt. After 1 h the resulting solution was added to a suspension
of NaBH4 (256 mg, 6.8 mmol) in THF (20 mL) at -50 °C and allowed to warm to rt. The
reaction was quenched with water (10 mL) and the organic solvents were removed in vacuo.
Then, an aq. 4M NaOH solution (40 mL) and sodium chloride (10 g) was added. The resulting
suspension was extracted with DCM (4 x 70 mL), the combined organic phases were dried
over MgSO, and the solvent was removed in vacuo to give crude 8-amino-1-

azaspiro[4.5]decan-2-one (0.9 g), which was used without further purification.

(5r,8r)-8-(5-Bromo-6-methoxy-2H-indazol-2-yl)-1-azaspiro[4.5]decan-2-one

[0237]
0 H Br

4 %
T
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[0238] To crude 8-amino-1-azaspiro[4.5]decan-2-one (600 mg) in i-PrOH (25 mL) was added
5-bromo-4-methoxy-2-nitrobenzaldehyde (Int 1-1) (1.1 g, 2.2 mmol) and the resulting mixture
was stirred at 80°C. After 4 h, tri-n-butylphosphine (1.6 mL, 6.5 mmol) was added and the
mixture was stirred overnight at 80 °C. Then the reaction mixture was allowed to cool to rt and
filtered. The collected solid was washed with heptane (3 x 10 mL) and purified using ion
exchange chromatography, washing with 250 mL DCM/MeOH (1:1) and eluting with DCM / 4N
NH3-MeOH solution (1/1). The isolated solid was then recrystalized using i-PrOH to remove
undesired (5s,8s)-8-(5-bromo-6-methoxy-2H-indazol-2-yl)-1-azaspiro[4.5]decan-2-one. The
filtrate was further purified by silica gel chromatography (eluting with 50-100% EtOAc in
heptane, then EtOAc, followed by 0-3% NH3-MeOH in DCM) to afford (5r,8r)-8-(5-bromo-6-

methoxy-2H-indazol-2-yl)-1-azaspiro[4.5]decan-2-one (320 mg, 39%). m/z (ESI+), [M+H]" =
378/380.

(5r,8r)-8-(5-Bromo-6-methoxy-2H-indazol-2-yl)-1-methyl-1-azaspiro[4.5]decan-2-one

[0239]
(0] N/, /ﬁBr
N 0

[0240] To a stirred solution of  (5r,8r)-8-(5-bromo-6-methoxy-2H-indazol-2-yl)-1-
azaspiro[4.5]decan-2-one (310 mg, 0.7 mmol) in DMF (5 mL) / THF (5 mL) was added NaH
(60 wt.%) (93 mg, 2.1 mmol) at 0 °C. After 20 min, methyl iodide (130 uL, 2.1 mmol) was
slowly added at 0 °C. The resulting mixture was warmed to rt and stirred overnight. The
reaction mixture was then quenched with ice water (250 mL) and extracted with DCM (4 x 25
mL). The combined organic phases were concentrated in vacuo and the resulting residue was
purified using silica gel chromatography (eluting with DCM (300 mL), EtOAc (2 L), then with 2%
NH3-MeOH in DCM (150 mL)) to give (5r,8r)-8-(5-bromo-6-methoxy-2H-indazol-2-yl)-1-methyl-

1-azaspiro[4.5]decan-2-one (225 mg, 78%) as a beige solid. m/z (ESI+), [M+H]" = 392/394.

N-(Imidazo[1,2-b]pyridazin-3-yl)-6-methoxy-2-((5r,8)-1-methyl-2-ox0-1-
azaspiro[4.5]decan-8-yl)-2H-indazole-5-carboxamide (Example 1)

[0241]

o) N
/ [
TA NI W e
N 0
|
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[0242] Methyldiphenylsilanecarboxylic acid (193 mg, 0.8 mmol) and KF (46 mg, 0.8 mmol)
were added to chamber A of a dried and No-flushed COware gas reactor. (5r,8r)-8-(5-Bromo-
6-methoxy-2H-indazol-2-yl)-1-methyl-1-azaspiro[4.5]decan-2-one (116 mg, 0.3 mmol),
imidazo[1,2-b]pyridazin-3-amine (121 mg, 0.9 mmol), dppp (41 mg, 0.1 mmol), Pd(OAc), (27
mg, 0.1 mmol) and TEA (223 uL, 1.6 mmol) in degassed anhydrous MeCN (2 mL) were added
to chamber B. Then, DMSO (350 uL) was added to chamber A and chamber B was stirred at
85 °C overnight. The reaction mixture was allowed to cool to rt. The reaction in chamber B was
quenched with saturated NaHCOs, the solvent was removed in vacuo, and the resulting
residue was purified using ion exchange chromatography, washing with DCM/MeOH (1/1; 200
mL), and eluting with 4N NH3 in MeOH (200 mL). The resulting dark-brown solid was further

purified using silica gel chromatography (eluting with EtOAc (2 L) and then with 0-3% NHs-

MeOH in DCM) to give an orange-yellow solid. The orange-yellow solid was triturated with
EtOAc (20 mL) to give a bright-yellow solid, which was slurried in i-PrOH (3 mL) overnight. The
slurry solution was filtered, and the collected precipitate was washed with i-PrOH (4 x 500 pL)
and pentane (3 x 1 mL) to give N-(imidazo[1,2-b]pyridazin-3-yl)-6-methoxy-2-((5r,8r)-1-methyl-
2-oxo-1-azaspiro[4.5]decan-8-yl)-2H-indazole-5-carboxamide (93 mg, 74%) as a light-yellow
solid. '"H NMR (500 MHz, DMSO-dg) & 11.05 (s, 1H), 8.65 (dd, 1H), 8.64 (d, 1H), 8.59 (s, 1H),

8.16 (dd, 1H), 8.05 (s, 1H), 7.29 (s, 1H), 7.23 (dd, 1H), 4.49 - 461 (m, 1H), 4.12 (s, 3H), 2.68
(s, 3H), 2.28 (t, 2H), 2.07 - 2.18 (m, 4H), 1.94-2.03 (m, 4H), 1.53 - 1.59 (m, 2H). m/z (ESI+),

[M+H]* = 474,

N-(Imidazo[1,2-b]pyridazin-3-yl)-6-methoxy-2-((5s,8s)-1-methyl-2-ox0-1-
azaspiro[4.5]decan-8-yl)-2H-indazole-5-carboxamide (Example 2)

[0243]
0 N
O D
N Ho Ne
O,

[0244] To 1-methyl-2-ox0-1-azaspiro[4.5]decan-8-yl 4-methylbenzenesulfonate (Int lll-1) (1.4
g, 42 mmol) was added DMF (15 mL), N-(imidazo[1,2-b]pyridazin-3-yl)-6-methoxy-1H-
indazole-5-carboxamide (Int 1I-1) (1.3 g, 4.2 mmol) and KOH (466 mg, 8.3 mmol). The
resulting solution was stirred at 100 °C. After 12 h the reaction mixture was allowed to cool to rt
and directly purified using C18-flash chromatography (eluting with 0% to 100% MeCN in water

(0.05% FA)) followed by chiral HPLC (CHIRAL ART Cellulose-SB, 2x25 mm, 5
m; mobile Phase A: MTBE (2 mM NH3 in MeOH); mobile Phase B: i-PrOH; gradient: isocratic

50% B for 21.5 min; flow rate: 20 mL/min) to afford N-(imidazo[1,2-b]pyridazin-3-yl)-6-methoxy-
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2-((5s,85)-1-methyl-2-oxo0-1-azaspiro[4.5]decan-8-yl)-2 H-indazole-5-carboxamide (28.0 mg,
1%) as a yellow solid. 'TH NMR (300 MHz, CD30D) & 8.75 (d, 1H), 8.62 (s, 1H), 8.59 (d, 1H),
8.15 (s, 1H), 8.04 (dd, 1H), 7.21 - 7.28 (m, 2H), 4.71 - 4.79 (m, 1H), 4.23 (s, 3H), 2.68 (s, 3H),

2.59 - 2.69 (M, 2H), 2.44 (t, 2H), 2.07 - 2.33 (M, 6H), 1.45 - 1.55 (m, 2H). m/z (ESI+), [M+H]* =
474.

2-((1s,4s)-4-(Dimethylcarbamoyl)cyclohexyl)-N-(imidazo[1,2-b]pyridazin-3-yl)-6-
methoxy-2H-indazole-5-carboxamide (Example 3)

(1r,4nN-4-Hydroxy-N,N-dimethylcyclohexane-1-carboxamide

[0245]

[0246] HATU (9.5 g, 25.0 mmol) was added to (1r,4r)-4-hydroxycyclohexane-1-carboxylic acid
(3.0 g, 20.8 mmol), dimethylamine hydrochloride (5.1 g, 62.5 mmol) and DIPEA (14.5 mL, 83.0
mmol) in DCM (30 mL) over a period of 3 h at rt under Ny atmosphere. After stirring of the

resulting mixture for 3 h, the reaction mixture was poured into water (20 mL) and extracted
with DCM (3 x 20 mL). The combined organic layers were dried over Na>SOy, filtered, and the

solvent was removed in vacuo. The crude product was subjected to silica gel chromatography
(eluting with 0% to 50% EtOAc in PE) to afford crude (1r,4r)-4-hydroxy-N,N-
dimethylcyclohexane-1-carboxamide (2.1 g), which was used without further purification. m/z

(ESI+), [M+H]* = 172.

(1r,4nN-4-(Dimethylcarbamoyl)cyclohexyl 4-methylbenzenesulfonate

[0247]

[0248] TsCl (8.4 g, 44.1 mmol) was added dropwise to TEA (7.3 mL, 52.4 mmol), DMAP (214
mg, 1.8 mmol) and crude (1r,4r)-4-hydroxy-N,N-dimethylcyclohexane-1-carboxamide (2 g) in
DCM (20 mL) at 0 °C under N, atmosphere and the resulting solution was stirred at rt. After 11
h the reaction mixture was poured into water (20 mL), extracted with DCM (3 x 10 mL), the
combined organic layers were dried over NasSQy, filtered, and the solvent was removed in
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vacuo. The resulting residue was subjected to silica gel chromatography (eluting with 10% to
20% EtOAc in PE) to afford crude (1r,4r)-4-(dimethylcarbamoyl)cyclohexyl 4-
methylbenzenesulfonate (2.1 g), which was used without further purification. m/z (ESI+),

[M+H]* = 326

2-((1s,4s)-4-(Dimethylcarbamoyl)cyclohexyl)-N-(imidazo[1,2-b]pyridazin-3-yl)-6-
methoxy-2H-indazole-5-carboxamide (Example 3)

[0249]
0 N
{ A\
O
—N N\N/ " N=
\ 7

[0250] KOH (218 mg, 3.9 mmol) was added to N-(imidazo[1,2-b]pyridazin-3-yl)-6-methoxy-1H-
indazole-5-carboxamide (Int 1-1) (300 mg, 1.0 mmol) and crude (1r4n)-4-
(dimethylcarbamoyl)cyclohexyl 4-methylbenzenesulfonate (950 mg) in DMF (6 mL) at rt under
N, atmosphere and the resulting solution was stirred at 100 °C. After 12 h the reaction mixture

was allowed to cool to rt and directly subjected to C18-flash chromatography (eluting with 10%
to 60% MeCN in water (0.5% FA)), followed by prep. HPLC (XSelect CSH Prep C18 OBD
column, 5 um, 19 mmx150 mm; mobile phase A: water (0.1% FA); mobile phase B: MeCN;
gradient: 15% to 27% B in 7 min, then 27%B for 2 min, flow rate: 60 mL/min) to afford 2-
((1s,45)-4-(dimethylcarbamoyl)cyclohexyl)-N-(imidazo[1,2-b]pyridazin-3-yl)-6-methoxy-2 H-

indazole-5-carboxamide (40 mg, 9%) as a yellow solid. "TH NMR (400 MHz, DMSO-dg) & 11.05
(s, 1H), 8.64 (t, 2H), 8.59 (s, 1H), 8.15 (dd, 1H), 8.05 (s, 1H), 7.29 (s, 1H), 7.22 (dd, 1H), 4.56
-4.65 (m, 1H), 4.12 (s, 3H), 3.03 (s, 3H), 2.85 - 2.97 (m, 1H), 2.80 (s, 3H), 1.94 - 2.04 (m, 3H),

1.59 - 1.81(m, 6H). m/z (ESI+), [M+H]" = 462.

2-((1r,4n-4-(Dimethylcarbamoyl)cyclohexyl)-N-(imidazo[1,2-b]pyridazin-3-yl)-6-methoxy-
2H-indazole-5-carboxamide (Example 4)

(1s,4s)-4-Hydroxy-N,N-dimethylcyclohexanecarboxamide

[0251]

O
—(Oon
—N
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[0252] HATU (9.5 g, 24.9 mmol) was added to a solution of DIPEA (14.5 mL, 83.2 mmol),
dimethylamine x HC! (5.1 g, 62.4 mmol) and (1s,4s)-4-hydroxycyclohexanecarboxylic acid (3.0
g, 20.8 mmol) in DCM (30 mL) at rt under N» atmosphere. The resulting mixture was stirred at

rt for 3 h. The reaction mixture was poured into water (20 mL) and extracted with DCM (2 x 20
mL). The combined organic layers were dried over NaySOy,, filtered and concentrated. The

crude product was purified by silica gel chromatography (eluting with 0 to 80% EtOAc in PE) to
afford crude (1s,4s)-4-hydroxy-N,N-dimethylcyclohexanecarboxamide (3.5 g) as a yellow oil.

(1s,4s)-4-(Dimethylcarbamoyl)cyclohexyl 4-methylbenzenesulfonate

[0253]

[0254] TEA (7.3 mL, 52.6 mmol) was added to DMAP (214 mg, 1.8 mmol), (1s,45)-4-hydroxy-
N,N-dimethylcyclohexanecarboxamide (3.0 g, 17.0 mmol) and TsCI (6.7 g, 35 mmol) in DCM
(30 mL) over a period of 3 h at rt under N> atmosphere. The resulting mixture was stirred at rt

for 3 h. The reaction mixture was poured into water (20 mL) and extracted with DCM (3 x 25
mL). The combined organic layers were dried over NaySQOy,, filtered and concentrated. The
crude product was purified by silica gel chromatography (eluting with 0 to 20% EtOAc in PE) to
afford (1s,4s)-4-(dimethylcarbamoyl)cyclohexyl 4-methylbenzenesulfonate (2.1 g, 37%) as a

yellow oil. m/z (ESI+) [M+H]* = 326.

2-((1r,4n-4-(Dimethylcarbamoyl)cyclohexyl)-N-(imidazo[1,2-b]pyridazin-3-yl)-6-methoxy-
2H-indazole-5-carboxamide (Example 4)

[0255]

N
0 P
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\ 7

[0256] KOH (80 mg, 1.4 mmol) was added to a solution of (1s,45)-4-
(dimethylcarbamoyl)cyclohexyl 4-methylbenzenesulfonate (348 mg, 1.1 mmol) and N-
(imidazo[1,2-b]pyridazin-3-yl)-6-methoxy-1H-indazole-5-carboxamide (Int lI-1) (110 mg, 0.4
mmol) in DMF (10 mL) at rt under N> atmosphere. The resulting solution was stirred at 100 °C
for 12 h and cooled to rt before the mixture was poured into water (10 mL). The aqueous
phase was extracted with EtOAc (3 x 20 mL), the combined organic layers were dried over
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Na,SOy, filtered and concentrated to afford a yellow oil. The crude product was purified by
silica gel chromatography (eluting with 0% to 30% EtOAc in PE), followed by prep. HPLC
(Xselect CSH Fluoro phenyl OBD column, 5 um silica, 30x150 mm, mobile Phase A: Water
(0.1%FA), mobile Phase B: MeCN; flow rate: 60 mL/min; gradient: 20% B to 30% B in 7 min) to
afford 2-((1r,4r)-4-(dimethylcarbamoyl)cyclohexyl)-N-(imidazo[1,2-b]pyridazin-3-yl)-6-methoxy-
2H-indazole-5-carboxamide (10 mg, 17%) as a yellow solid. '"H NMR (400 MHz, DMSO-dg) 8
11.05 (s, 1H), 8.61 - 8.67 (m, 1H), 8.59 (s, 2H), 8.14 - 8.18 (m, 1H), 8.05 (s, 1H), 7.18 - 7.27
(m, 2H), 4.48 - 4.54 (m, 1H), 4.13 (s, 3H), 3.07 (s, 3H), 2.83 (s, 3H), 2.70 - 2.80 (m, 1H), 2.16 -
2.20 (m, 2H), 1.99 - 2.05 (m, 2H), 1.84 - 1.88 (m, 2H), 1.58 - 1.65 (m, 2H). m/z (ESI+) [M+H]*
=462.

2-(2-Hydroxy-2-methylspiro[3.5]nonan-7-yl)-N-(imidazo[1,2-b]pyridazin-3-yl)-6-methoxy-
2H-indazole-5-carboxamide - Isomer 1 (Example 5) & Isomer 2 (Example 6)

[0257]
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ISOMER 1 ISOMER 2

[0258] Cso,CO3 (793 mg, 2.4 mmol) was added to N-(imidazo[1,2-b]pyridazin-3-yl)-6-methoxy-
1H-indazole-5-carboxamide (Int lI-1) (300 mg, 1.0 mmol) and 2-hydroxy-2-
methylspiro[3.5]nonan-7-yl 4-methylbenzenesulfonate (Int 1lI-3) (631 mg, 2.0 mmol) in DMF
(15 mL) and the resulting mixture was stirred at 85 °C under N, atmosphere. After 5 h, the
reaction mixture was allowed to cool to rt and directly subjected to C18-flash chromatography
(eluting with 0% to 100% MeCN in water (0.5% FA)) followed by two prep. HPLC purifications

((15t prep. HPLC: XBridge Prep OBD C18, 30%x150 mm 5 ym; mobile Phase A: water (10 mM
NH4HCO3 + 0.1% NH4,OH); mobile Phase B: MeCN; gradient: 28% B to 48% B in 7 min; flow

rate: 60 mL/min.) (2" prep. HPLC: Chiralpak ID-2, 2x25 cm, 5 ym; mobile Phase A: MTBE
(0.1% 2N NH3-MeOH); mobile Phase B: MeOH; gradient: isocratic 50% B in 14 min; flow rate:
16 mL/min.)) to afford 2-(2-hydroxy-2-methylspiro[3.5]nonan-7-yl)-N-(imidazo[1,2-b]pyridazin-
3-yl)-6-methoxy-2H-indazole-5-carboxamide - Isomer 1 (25 mg, 6%, 100%ee) and 2-(2-
hydroxy-2-methylspiro[3.5]nonan-7-yl)-N-(imidazo[1,2-b]pyridazin-3-yl)-6-methoxy-2 H-
indazole-5-carboxamide - Isomer 2 (23 mg, 5%, 99.5%ee), both as a yellow solids. The 'H
NMR and MS obtained for both products were identical. '"H NMR (300 MHz, DMSO-dg) & 11.04
(s, 1H), 8.63 (dd, 1H), 8.58 (s, 1H), 8.57 (s, 1H), 8.15 (dd, 1H), 8.05 (s, 1H), 7.28 (s, 1H), 7.21
(dd, 1H), 4.75 (s, 1H), 4.33 - 4.52 (m, 1H), 4.12 (s, 3H), 1.71 - 2.05 (m, 10H), 1.43 - 1.61 (m,
2H), 1.26 (s, 3H). m/z (ESI+), [M+H]" = 461.
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2-((1s,4s)-4-Hydroxycyclohexyl)-N-(imidazo[1,2-b]pyridazin-3-yl)-6-methoxy-2 H-
indazole-5-carboxamide (Example 7) & 2-((1r,4r)-4-Hydroxycyclohexyl)-N-(imidazo[1,2-
b]pyridazin-3-yl)-6-methoxy-2H-indazole-5-carboxamide (Example 8)

(1s,4s)-4-Hydroxycyclohexyl methanesulfonate

[0259]

H0—<:><0Ms

[0260] MsCI (1.9 mL, 23.7 mmol) was added to a solution of (1s,45s)-cyclohexane-1,4-diol (2.5
g, 21.5 mmol) and TEA (6.0 mL, 43.0 mmol) in DCM (200 mL) at 0 °C. The resulting mixture
was stirred at rt for 12 h. The mixture was poured into water (20 mL), the aqueous layer was
extracted with DCM (1 x 20 mL) and the organic layer was dried over Na>SOy, filtered and

concentrated. The crude product was purified by silica gel chromatography (eluting with PE:
EtOAc 50% to 100%) to afford crude (1s,45)-4-hydroxycyclohexyl methanesulfonate (2.9 g) as
a colorless solid.

2-(1s,4s)-4-Hydroxycyclohexyl)-N-(imidazo[1,2-b]pyridazin-3-yl)-6-methoxy-2H-indazole-
5-carboxamide (Example 7) & 2-((1r,4n-4-Hydroxycyclohexyl)-N-(imidazo[1,2-
b]pyridazin-3-yl)-6-methoxy-2H-indazole-5-carboxamide (Example 8)

[0261]
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[0262] Cs,CO3 (1.8 g, 5.7 mmol) was added to a solution of N-(imidazo[1,2-b]pyridazin-3-yl)-6-

methoxy-1H-indazole-5-carboxamide (Int 1I-1) (350 mg, 1.1 mmol) and crude (1s,45)-4-
hydroxycyclohexyl methanesulfonate (1.3 g) in DMF (20 mL). The resulting mixture was stirred
at 100 °C for 15 h. The mixture was cooled to rt, concentrated and purified by C18-flash
chromatography (eluting with 0 to 100% MeCN in water (0.1% FA)) to afford a mixture of trans-
and cis-isomers of 2-(4-hydroxycyclohexyl)-N-(imidazo[1,2-b]pyridazin-3-yl)-6-methoxy-2H-
indazole-5-carboxamide as a pale-yellow solid. This material was separated by prep. SFC
(CHIRALPAK [H, 2.0%x25cm, 5 pm; mobile phase A: CO2, mobile phase B: EtOH (8 mmol/L
NHs-MeOH); flow rate: 40 mL/min; gradient: 40% B) to afford the first eluting 2-((1s,45)-4-

hydroxycyclohexyl)-N-(imidazo[1,2-b]pyridazin-3-yl)-6-methoxy-2H-indazole-5-carboxamide (4
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mg, 1%), and the second eluting 2-((1r,4r)-4-hydroxycyclohexyl)-N-(imidazo[1,2-b]pyridazin-3-
y)-6-methoxy-2H-indazole-5-carboxamide (12 mg, 3%), both as light yellow solids. (1s,4s)-
Isomer: "TH NMR (300 MHz, DMSO-dg) & 11.06 (s, 1H), 8.49 - 8.70 (m, 3H), 8.13 - 8.20 (m,
1H), 8.06 (s, 1H), 7.17 - 7.31 (m, 2H), 4.39 - 4.62 (m, 2H), 4.13 (s, 3H), 3.85 - 3.92 (m, 1H),
2.21 -2.38 (m, 2H), 1.56 - 1.98 (m, 6H). m/z (ESI+) [M+H]* = 407. (1r,4n-lsomer: 'H NMR
(300 MHz, DMSO-dg) 6 11.05 (s, 1H), 8.61 - 8.67 (m, 1H), 8.55 - 8.60 (m, 2H), 8.12 - 8.19 (m,
1H), 8.06 (s, 1H), 7.18 - 7.29 (m, 2H), 4.70 - 4.78 (m, 1H), 4.41 - 4.53 (m, 1H), 4.13 (s, 3H),
3.72 - 3.47 (m, 1H), 1.88 - 2.18 (m, 6H), 1.39-1.49 (m, 2H). m/z (ESI+) [M+H]" = 407.

rel-2-((1S,3R)-3-Hydroxycyclohexyl)-N-(imidazo[1,2-b]pyridazin-3-yl)-6-methoxy-2H-
indazole-5-carboxamide - Isomer 1 (Example 9) & Isomer 2 (Example 10)

[0263]
N
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[0264] To rac-(1R,3R)-3-hydroxycyclohexyl 4-methylbenzenesulfonate (Int 1lI-7) (351 mg, 1.3
mmol) and Cs,CO3 (423 mg, 1.3 mmol) in DMF (10 mL) was added N-(imidazo[1,2-
b]pyridazin-3-yl)-6-methoxy-1H-indazole-5-carboxamide (Int lI-1) (400 mg, 1.3 mmol) under
N> atmosphere and the resulting mixture was stirred at 90 °C. After 5 h, the reaction mixture
was allowed to cool to rt and directly subjected to C18-flash chromatography (eluting with 0%
to 100% MeCN in water (0.05% FA)) followed by prep. HPLC (XBridge Prep OBD C18, 30x150
mm 5 ym; mobile phase A: water (10 mM NH4HCO3 + 0.1% NH4OH); mobile Phase B: MeCN;
gradient: 16% B to 36% B in 7 min; flow rate: 60 mL/min) and chiral prep. HPLC (CHIRAL ART
Cellulose-SB, 4.6x100 mm, 3 ym; mobile Phase A: (MTBE +0.5% 2N NH3 in MeOH), mobile
Phase B: i-PrOH; gradient: isocratic 30% B in 25 min; flow rate: 18 mL/min) to afford rel-2-
((1S,3R)-3-hydroxycyclohexyl)-N-(imidazo[1,2-b]pyridazin-3-yl)-6-methoxy-2 H-indazole-5-

carboxamide - Isomer 1 (16 mg, 3%, 99%ee) and rel2-((1S,3R)-3-hydroxycyclohexyl)-N-
(imidazo[1,2-b]pyridazin-3-yl)-6-methoxy-2H-indazole-5-carboxamide - Isomer 2 (17 mg, 3%,
98.7%ee), both as a yellow solids. Isomer 1: 'TH NMR (400 MHz, DMSO-dg) & 11.04 (s, 1H),
8.64 (dd, 1H), 8.59 (d, 1H), 8.58 (s, 1H), 8.15 (dd, 1H), 8.05 (s, 1H), 7.26 (s, 1H), 7.22 (dd,
1H), 4.86 (d, 1H), 4.46 -4.57 (m, 1H), 4.12 (s, 3H), 3.56 - 3.67 (m, 1H), 2.27 - 2.37 (m, 1H),
2.01-2.09 (m, 1H), 1.67 - 1.95 (m, 4H), 1.39 - 1.48 (m, 1H), 1.12 -1.26 (m, 1H). m/z (ESI+),
[M+H]* = 407. Isomer 2: "TH NMR (400 MHz, DMSO-dg) & 11.04 (s, 1H), 8.64 (dd, 1H), 8.59 (d,
1H), 8.58 (s, 1H), 8.15 (dd, 1H), 8.05 (s, 1H), 7.26 (s, 1H), 7.22 (dd, 1H), 4.86 (d, 1H), 4.46 -
457 (m, 1H), 4.12 (s, 3H), 3.55 - 3.67 (m, 1H), 2.25 - 2.37 (m, 1H), 2.02 - 2.12 (m, 1H), 1.65 -
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1.95 (m, 4H), 1.32 - 1.53 (m, 1H), 1.12 - 1.26 (m, 1H). m/z (ESI+), [M+H]* = 407.

6-Methoxy-2-(1-methyl-2-oxo-1-azaspiro[4.5]decan-8-yl)-N-(pyrazolo[1,5-a]pyrimidin-3-
yl)-2H-indazole-5-carboxamide - Isomer 1 (Example 11) & Isomer 2 (Example 12)

[0265]
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[0266] To a solution of 6-methoxy-N-(pyrazolo[1,5-a]pyrimidin-3-yl)-1H-indazole-5-
carboxamide (Int 1I-2) (450 mg, 1.5 mmol) and 1-methyl-2-ox0-1-azaspiro[4.5]decan-8-yl 4-
methylbenzenesulfonate (Int 1lI-1) (985 mg, 2.9 mmol) in DMF (8 mL) at rt under N
atmosphere was added Cs,CO3 (1.4 g, 4.4 mmol). The reaction mixture was stirred at 90 °C
for 12 h. The mixture was cooled to rt and purified directly by C18-flash chromatography
(eluting with 0 - 40% MeCN in water (0.5% FA)) and further by prep. HPLC (Waters Xbridge®
Shield RP18 OBD, 5 um 30 x 150 mm; elution gradient with 22 - 32% MeCN in water (0.1%
FA) in 9 min; 60 mL/min) to afford 6-methoxy-2-(1-methyl-2-oxo-1-azaspiro[4.5]decan-8-yl)-N-
(pyrazolo[1,5-a]pyrimidin-3-yl)-2H-indazole-5-carboxamide as a yellow solid. The solid was
separated by chiral prep. HPLC (YMC Chiral ART Cellulose-SB 5 ym 20 mm x 250 mm,;
isocratic with 50% hexane/DCM (75/25, 0.5% 2M NH3-MeOH) in MeOH in 9 min; 20 mL/min) to

afford 6-methoxy-2-(1-methyl-2-oxo-1-azaspiro[4.5]decan-8-yl)-N-(pyrazolo[1,5-a]pyrimidin-3-
yl)-2H-indazole-5-carboxamide - Isomer 1 (55 mg, 8%, 100%ee) and 6-methoxy-2-(1-methyl-
2-oxo-1-azaspiro[4.5]decan-8-yl)-N-(pyrazolo[1,5-a]pyrimidin-3-yl)-2 H-indazole-5-carboxamide
- Isomer 2 (32 mg, 5%, 99.8%ee). Isomer 1: "TH NMR (400 MHz, DMSO-dg) (3 : 7 mixture of
rotamers) & 10.32 (s, 1H), 9.08 (dd, 1H), 8.73 (br. s, 1H), 8.54 (dd, 1H), 8.46/8.45 (s, 1H)
(rotamers), 8.16 (s, 1H), 7.44 (s, 1H), 7.06 (dd, 1H), 4.70 - 4.80 (m, 1H), 4.15 (s, 3H), 2.72 (s,
3H), 2.29 (t, 2H), 1.92 - 2.21 (m, 8H), 1.51 - 1.61 (m, 2H). m/z (ESI+), [M+H]* = 474. Isomer 2:
"H NMR (400 MHz, DMSO-dg) (1 : 7 mixture of rotamers) 5 10.35 (s, 1H), 9.08 (dd, 1H), 8.73
(s, 1H), 8.59 (s, 1H), 8.54 (dd, 1H), 8.49/8.48 (s, 1H) (rotamers), 7.25 (s, 1H), 7.05 (dd, 1H),
448 - 460 (m, 1H), 4.06 (s, 3H), 2.68 (s, 3H), 2.28 (t, 2H), 2.08 - 2.18 (m, 4H), 1.93 - 2.04 (m,
4H), 1.52 - 1.60 (m, 2H). m/z (ESI+), [M+H]" = 474,

rel-2-((1S,3R)-3-Hydroxycyclohexyl)-6-methoxy-N-(pyrazolo[1,5-a]pyrimidin-3-yl)-2 H-
indazole-5-carboxamide - Isomer 1 (Example 13) & Isomer 2 (Example 14)

[0267]
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[0268] 6-Methoxy-N-(pyrazolo[1,5-a]pyrimidin-3-yl)-1H-indazole-5-carboxamide (Int 11-2) (400
mg, 1.3 mmol) was added to a slurry of Cs,CO5 (1.3 g, 3.9 mmol) and rac-(1R,3R)-3-
hydroxycyclohexyl 4-methylbenzenesulfonate (Int 11I-7) (702 mg, 2.6 mmol) in DMF (15 mL) at
rt under N, atmosphere. The resulting mixture was stirred at 90 °C for 12 h. The reaction

mixture was allowed to cool to rt, concentrated and purified directly first by C18-flash
chromatography (eluting with 0 to 100% MeCN in water(0.05%NH40OH)), then by prep. HPLC
(XBridge Prep OBD C18, 30%150 mm, 5 ym; mobile Phase A: Water (10 mM NH4HCO3 +0.1%
NH4OH) mobile Phase B: MeCN; flow rate: 60 mL/min; gradient: 21% B to 30% B in 7 min) to
afford the desired regioisomers rac-2-((1S,3R)-3-hydroxycyclohexyl)-6-methoxy-N-
(pyrazolo[1,5-a]pyrimidin-3-yl)-2 H-indazole-5-carboxamide as a yellow solid. This material was
separated by chiral prep. HPLC (CHIRAL ART Cellulose-SB column, 2x25cm, 5 um; mobile
Phase A: MTBE (0.5% 2N NH3-MeOH), mobile Phase B: i-PrOH; flow rate: 20 mL/min; isocratic
50% B in 14 min) to afford rel-2-((1S,3R)-3-hydroxycyclohexyl)-6-methoxy-N-(pyrazolo[1,5-
alpyrimidin-3-yl)-2H-indazole-5-carboxamide - Isomer 1 (26 mg, 5%, 99%ee) and rel-2-
((1S,3R)-3-hydroxycyclohexyl)-6-methoxy-N-(pyrazolo[1,5-a]pyrimidin-3-yl)-2H-indazole-5-

carboxamide - Isomer 2 (26 mg, 5%, 99%ee), both as yellow solids. Isomer 1: '"H NMR (400
MHz, DMSO-dg) 6 10.35 (s, 1H), 9.05 - 9.12 (m, 1H), 8.73 (s, 1H), 8.51 - 8.57 (m, 2H), 8.47 (s,
1H), 7.22 (s, 1H), 7.00 - 7.10 (m, 1H), 4.82 - 4.86 (m, 1H), 4.45 - 4.55 (m, 1H), 4.06 (s, 3H),
3.55-3.67 (m, 1H), 2.25-2.34 (m, 1H), 2.00 - 2.11 (m, 1H), 1.68 - 1.95 (m, 4H), 1.40-1.51 (m,
1H), 1.13-1.26 (m, 1H). m/z(ES+), [M+H]*=407. Isomer 2: 'H NMR (400 MHz, DMSO-dg) 5
10.35 (s, 1H), 9.05 - 9.10 (m, 1H), 8.73 (s, 1H), 8.51 - 8.56 (m, 2H), 8.47 (s, 1H), 7.22 (s, 1H),
7.01-7.10 (m, 1H), 4.45 - 455 (m, 1H), 4.06 (s, 3H), 3.56 - 3.67 (m, 1H), 2.28 - 2.32 (m, 1H),
2.00-2.10 (m, 1H), 1.87 - 1.92 (m, 1H), 1.67 - 1.87 (m, 3H), 1.36 - 1.50 (m, 1H), 1.12 - 1.26

(m, 1H). m/z (ES+), [M+H]* = 407.

6-Cyclopropoxy-2-(2-hydroxy-2-methylspiro[3.5]nonan-7-yl)-N-(pyrazolo[1,5-
a]pyrimidin-3-yl)-2H-indazole-5-carboxamide - Isomer 1 (Example 15) & Isomer 2
(Example 16)

[0269]
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[0270] To a solution of 6-cyclopropoxy-N-(pyrazolo[1,5-a]pyrimidin-3-yl)-1H-indazole-5-
carboxamide (Int 11-3) (330 mg, 1.0 mmol) and 2-hydroxy-2-methylspiro[3.5]nonan-7-yl 4-
methylbenzenesulfonate (Int IlI-3) (480 mg, 1.5 mmol) in DMF (15 mL) at rt was added
CsoCO3 (643 mg, 2.0 mmol). The reaction mixture was stirred at 85 °C for 5 h under N>
atmosphere. The mixture was cooled to rt and purified directly by C18-flash chromatography
(eluting with 0- 100% MeCN in water (0.5% FA)) and further by prep. HPLC (Waters XBridge
BEH C18 OBD, 5 ym, 30 x 150 mm; elution gradient with 35 - 55% MeCN in water (10 mM
NH4HCO3 + 0.1% NH4OH) in 7 min; 60 mL/min) to afford 6-cyclopropoxy-2-(2-hydroxy-2-
methylspiro[3.5]nonan-7-yl)-N-(pyrazolo[1,5-a]pyrimidin-3-yl)-2 H-indazole-5-carboxamide as a
yellow solid. This material was separated by prep. chiral-HPLC (Chiralpak® IE 5 pm 20 mm x
250 mm; isocratic with 50% hexane/DCM (75/25, 10 mM NH3-MeOH) in MeOH; 20 mL/min) to
afford 6-c