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PKC-theta Modulators

TECHNICAL FIELD

The present disclosure relates {o novel compounds capable of modulating PKC-theta
phosphorylation activity. Such phosphorylation aclivity may be inhibited by the compounds
described herein. The present invention furlher describes the synthesis of the compounds and
their uses as medicamenis in diseases or disorders where PKC-theta modulation may be
beneficial.

BACKGROUND

Profein kinases constitute a large family of sfructurally related enzymes that are responsibie for
the conirol of a variety of signal fransduction processes within the cell (see Hardie, G and Hanks,
S. The Profein Kinase Facts Book, | and {i, Academic Press, San Diego, CA: 1995).

The connection belween abnormal protein phosphoryiation and disease is well known.
Accordingly, protein kinases are an imporiant group of drug targets (see, for example, Cohen,
MNature, vol. 1 (2002}, pp 309-315, Gaestel et al. Curr. Med. Chem, 2007, pp 2214-223;
Grimminger et al. Nat. Rev. Drug Disc. vol. 8(12), 2010, pp 956-870).

Protein kinase C (hereafier PKC) is a family of serine- and threonine-specific protein kinases.
PKC family members phosphorylate a wide variety of protein targeis and are known {o be
involved in diverse cellular signalling pathways. Each member of the PKC family has a specific
expression profile and is believed 10 have a distinct role.

The PKC members can be classified into three groups: Group | (Ca® and diacylglycerol (DAG)
dependent): PKC-alpha, PKC-Bi, PKC-Bll and PKC-y; Group il (Ca® independent): PKC-0
{(hereafier PKC-delta), PKC-e, PKC-i {or PKC-ela) and PKC-8 (hereafter PKC-theta}; Group Hl
(Ca? and DAG independent): PKC-i, PKC-Z and PKC-u (Brezar et al., 2015, Frontiers immunol.,
6:530).

The expression of the PKC-theta isoform of PKC is enriched in T lymphocytes and plays an
important role in the T-cell receptor (TCR)-triggered activation of T-celis. PKC-theia signals
through transcription factors, including NF-kB, NFAT and AP-1, leading to the release of
cyiokines such as iL-2 and IFN-gamma, and subsequently T-cell proliferation, differentiation and
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survival (Brezar et al., 2015, Frontiers Immunol., 6:530). Unlike broader biommunosuppressive
mechanisms, including those displayed by ihe calcineurin inhibitors, PKC-theta inhibition has
demonstirated a selective effect on the immune system (Brezar et al,, 2015, Frontiers immunol,,
6:530). Antiviral responses remain intact in mice lacking PKC-theta activity (Zhang et al., Adv
Pharm. 2013 ; 86: 267-31). In requiatory T-cells (Tregs), PKC-theta signaliing is not absolutely
required for activation and function (Zhang et al. Adv Pharmacol. 2013 ; 66: 267-31). Frkeg™
mice have a reduced but significant proportion of circulating Tregs and Tregs isolated from
Frkeg™™ mice retain suppressive activity (Gupta, et al., Mol Immunol., 2008, 46(2):213-24).
Pharmacological inhibition of PKC-theta prolected Tregs from inactivation by TNFa and
enhanced protection of mice from inflammatory colitis (Zanin-Zhorov, et al., Science, 2010, 328
(5978).372-6). Indeed, evidence has emerged that PKC-theta is a negative regulator of Tregs
function (Zhang et al., Adv Pharm. 2013; 66 267-31).

in human disease, associations of the Prkcg locus specific single nucleotide polymorphisms
{(SNP) have been identified with type 1 diabetes (T1D), rheumatoid arthritis (RA), and celiac
disease by genome-wide association siudies (GWAS; Brezar et al., 2015, Frontiers Immunaol,,
6:530). Further, pharmacological inhibition of PKC-theta rescued the defective activity of Tregs
from rheumatoid arthritis patienis (Zanin-Zhorov, et al, Science, 2010, 328 (5876):372-6).

PKC-theta aclivily is critically important in Th2 (allergic disease) and Th17 (autcimmune disease)
responses and differentiation (Zhang et al., Adv Pharm., 2013, 66: 267-31).). The Prikcg” mouse
is protected in Th2 models of allergic lung inflammation and parasite infection. Likewise, lack of
PKC-theta activity is proteciive in Th17-driven mouse models such as experimental auicimmune
encephalomyelitis (EAE), adjuvant-induced arihritis, and colitis.

PKC-theta is also implicated in various types of cancers and the PKC-theta-mediated signalling
events controlling cancer injtiation and progression. In these types of cancers, the high PKC-
theta expression leads o aberrant cell proliferation, migration and invasion resuling in malignant
phenotype (Nicolle, A et al., Biomolecules, 2021, 11, 221). Inhibition of PKC-theta may also
benefit the treatment for cancers in which PKC-theta has been implicated.

Small molecule inhibitors of PKC-theta are known, for example inhibitors based on a
pyrazolopyrimidine scaffold are described in WO 2011/138273, and WO 2015/095679 describes
PKC-theta inhibitors based on a diaminopyrimidine core.

To date there is no effective and approved medical treatment available which is based on the
inhibition of PKC-thela, largely due o the difficullies of securing potent inhibition alongside
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PKC family (Group 2}, and other kinases.

The present invention has been devised with the above observations in mind.

SUMMARY OF THE INVENTION

in one aspect of the invention there is provided a compound of structural Formula |

or a pharmaceutically accepiable salt, solvate, sterecisomer or mbdure of sierecisomers,
tautomer, or isotopic form, or pharmaceutically active metabolite thereof, or combinations thereof,
wherein:

Ais selected from the group consisting of: N, C-R?, where R? is selecied from hydrogen,
halogen, C1-3 alkyl {(e.g. Me, Ef) and CN;

B is selected from the group consisting oft N; C-H, C-F and C-(C1-3 alky]) {e.g. C-Me, C-
Et);

D is selected from the group consisting of: N; C-H; C-R" where R" is selected from
halogen (e.g. F, Cl, Br); C1-3 alkyi (e.g. Me, Et); and C1-3 haloalkyl {(e.g. CHF2, CF3);

G is selected from the group consisting of: CR1RZ; NR1; and O;

R1 and R2 are independently selected from the group consisting of: hydrogen, halogen
{e.g. F, Ci, Br); C1-3 alkyl (e.g. Me, El); C3-7 cycloalkyl (e.g. °Pr, “Hex}; C1-3 alkoxyl (e.g. OMe,
OFt); ©2-6 cycloakoxy! {e.g. oxelane, furan); C2-6 akyl alkoxyl {e.g. CHOMe, (CH2)2OMe);
hydroxyl, C1-3 alkyl hydroxyl {e.g. CHOH, (CH2)20H); amino; C1-3 alkyl amino {(e.g. CHaNHz,
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{CHz)=NHz); C1-4 amino alkyl (e.g. NMez, NMeEt), C2-7 alkyl amino alkyl {(e.g. CHzNMez,
(CH=)2NE1Lz); C1-3 haloalkyl (e.g. CHF2, CF3, CHCHF2); aryl (e.g. phenyl);, heteroaryl {e.g.
pyridine, thiazole); alky! aryl {e.g. benzyl} and alkkyl! heteroaryl {e.g. CHz-pyridine, CHz-thiazole);
or

R1 and RZ fogether form a 3-5 membered optionally substituied spiro carbocyclic or
heterocyclic ring (e.g. cyclopropane, cyciobutene, cyclopentane, oxetane, furan, pyrrolidine,
piperidine);

R3 is selected from the group consisting of: hydrogen, C1-2 alkyl (e.g. Me, Ef), OMe and
halogen (e.g. F, Cl, Br);

R4 is selected from the group consisting of: hydrogen; C1-5 alkyl {e.g. Me, Ef}; C3-7
cycloalkyl (e.g. °Pr, *Hexj}; C1-5 haloalkyl (e.g. CHF,, CFs, CFaMe, CHCHF2); C1-5 alkoxyl {&.g.
OlMe, OEt); C1-5 haloalkoxyl (g8.g. OCHF;, OCF3, OCHCHF2); alkyl alkoxy (e.g. CHOMe,
(CH=)20Me); C2-6 heterocycloalkyl (e.g. piperidine, piperazine);, CN and halogen (e.g. F, Ci, Br);

E is selected from the group consisting oft N; C-H; C-R®, where R® is selecied from the
group consisting of halogen {(e.g. F, Cl, Bn); hydroxyl, C1-3 alkyl hydroxyl (e.g. CH0H,
{CHz)20H); C1-3 alkyl amino {e.g. CHaNHz, (CHz)2NH2); C1-3 haloalkyl (e.g. CHzF ,CHF2, CF3,
CH:zCHF2); ©2-8 alkyl akkoxy! (e.g. CH:OMe, (CH2):0Me); and CN;

R3S and R6 are each independently selected from the group consisting of: hydrogen; C2-
5 alkyl (e.g. Me, Et); C1-C5 amino alkyl (e.g. NMez, NMeEt); 4-8-membered amino alkyl ring (e.9.
piperidine, piperazine); C1-9 alkyl alkoxy (e.g. (CH2)20EL; CH2OMe); C1-9 alkyl amino alkyl (e.9.
{CHa)2NMez; CHzNHMe); or

R5 and R6 are joined together 1o form an optionally substituted, optionally bridged Ring
Z, wherein Ring Z is a C3-10 heterocycioalkyl mono- or hicyclic ring {e.g. “Pr, oxelane, cHex,
piperidine, piperazine, 1,4 diazacycioheptane); or

£, R5 and R6 together are J, wherein J is selected from the group consisting of: N-R?;
C(=0}RY, SC:R?; O-RY, wherein RY is 3 4-8-mambered amino alkyl ring {e.g. piperiding,

piperazine).

in embodiments, Ring Z is an optionally substituted, optionally bridged, 4-8-membered amino

alkyl ring with the general Formula la;
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wherein R7 is selecied from the group consisting of: hydrogen; C1-3 alkyl (e.g. Me, Et);
and C1-3 haloalkyl (e.g. CHCHF, CHCHF:2).

in embodimenis, Ring Z is:

R21

wherein R8, RS, R10, R11, R13 and R21 are each independently selecied from the group
consisting of: hydrogen, C1-3 akkyl {e.g. Me, Ef}, C1-3 aky! alkoxy {e.g. CH20OMe); C1-3 alkyl
hiydroxyl {e.g. CH20H); amino; C1-3 alkyl amino (e.g. CHxNHz); C1-6 alkvl amino alkyl {(e.g.
CH2NMez); C1-3 haloaky! (e.g. CHF;, CFs, CH2CHEF2); alkyl heteroaryt {e.g. CHe-pyridine, CHe-
thiazole);

R12 is selecied from the group consisting of: hydrogen; C1-3 alkyl (e.g. Me, Et); and C1-
3 haloalky! (e.g. CH2CHF, CHCHF); or

any one of R8, R9, R10, R11, R12, R13 and R21 may be joined {o ancther, different R8,
R8, R10, R11, R12, R13 or R21 to form a 3-7-membered spiro or bicyclic carbocyclic or
heterocyclic ring structure, and/or a 3-6 membered bridged carbocyclic or heterocyclic ring
structure.

n is selecled from the group consisting of: 0; 1, and 2; suitablynis 1 or 2.

in embodiments, when n=0, E is selected from the group consisting of: N; C-H; C-R®, wherein R®
is selected from the group consisting of halogen {e.g. F, Cli, Br}; hydroxy; C1-3 alkyl hydroxy (e.9.
CHzCH); C1-3 haloalkyi (e.g. CHF», CF;, CHaCHF); C2-5 alkyl alkoxy (&.g. CH.OMae); C2-5 alkyl
nitrile {e.g. CH=CN)}.

in embodimenis, Ring Z is:
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or

H,N

in embodimenis, Gis CR1IR2 and Ring Z is:

R21

wherein;

A is selected from the group consisting of: C-H, C-F, C-Cl and C-Br;

B and D are each independently selected from the group consisting of: N and C-H;

E is selected from the group consisting of: N, C-F and C-H;

R1 is selecied from the group consisting of: hydrogen, Me; Et; OMe; OEtL; OH; NH2 and
NHMe; and

R2 is selected from the group consisting of: hydrogen, Me and Ei; or

R1 and R2 {ogether form a 3-8 membered spiro carbocyclic or heterocyclic ring;

R3 is hydrogen or halogen;

R4 is selected from the group consisting of: hydrogen; Me, Et, CF2H; CFa; CFaMe; OMe;
OFEl; OCFH; OCF;3; CN; Cland F; and
wherein:

R8 and R are each independently selected from the group consisling of: hydrogen; Me;
£f; CH20H; CHMeOH; CMeOH; CHOMe; CHzF and halogen;

R10 and R11 are each independently selected from the group consisting of: hydrogen;
Me, £t, CHOH, CHMeOH, CMe0OH, CHOMe, CHF CHFZ; CHCF: and CHy-heteroaryl;

R12 is selected from the group consisting of: hydrogen and Me;

R13 is selected from the group consisting of: hydrogen and Me;

R21 is selected from the group consisting of: hydrogen; and Me; or

(o]
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wherein:

any one of R8, RY, R10, Ri1, R12, R13 and R21 may be joined {o ancther, different RS,
Rg, R10, R11, R21, R13 or R21 {o form a 3-7-membered spirc or bicyclic carbocyclic or

heterocyclic ring structure, and/or a 3-6 membered bridged carbocyclic or heterocyclic ring

structure.

in embodiments:

a)
b)
¢)
&)

&

f
)

one of RE and R9 is joined to one of R10 and R11 to form a [6,3}, [6,4}-, [6,5]-, [6,7}-
or [6,8]-bicyclic structure;

one of R8 and RY is joined io R13 1o form a {6,5,5}-, [6,6,6]-, [6,7.7]- or [6,8,8]-, bridged
structure;

one of R10 and R11 is joined to R13 to form a [6,6,4)-, 16,7,5}- or [6,8,6]-bridged
structure;

one of R10 and R11 may be joined to R21 to form a {6,5,5}, 16,6,6}-, {6,7,7}-, [6,8,8]-
bridged struciure;

one of R8 and RY may be joined to R21 to form a {6,6,4}-, [6,7,5}, [6,8,6]-, bridged
struciure;

R8 is joined o R9 to form a [6,3}-, [6,4-], [6,5}, [6.6]- or [6,7]}-spiro structure; or

R10 is joined to R11 {o form a [6,3}-, [6,4-], [6,5]-, |6,6}- or [6,7]-spiro structure.

in embodiments, Ring Z is selected from the group consisting of:

Ci’w
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in embodiments, Ring Z is selected from the group consisting of:

v,
/
Z
ui”’”
,’,,{’
“f/"’/

NH

NH

in allernative embodimenis of Formula |, Gis CR1RZ and Ring Z is:
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A is selected from the group consisting of C-H, C-F, C-Cland C-Br;

wherein;

B and D are each independently selected from the group consisting of: N and C-H;

E is selected from the group consisting of: N; C-H and CF;

R1 is selected from the group consisting of: hydrogen; Me; Et, OMe; OEf;, OH; NHz and
NHMe; and

R2 is selected from the group consisting of: hydrogen, Me and Et; or

R1 and R2 iogether form a 3-6 membered spiro carbocyclic or heterocyclic ring;
particularly a 4-5 membered carbocyclic or heterocyclic spiro ring;

R3 is hydrogen or F;

R4 is selecied from the group consisting of. Me; Et; CFH; CFa; CF2Me; OMe; OEL
QOCF2H; CN; Cland F;

R14, R15, R17, R18, R19 and R20 is each independently selected from the group
consisting of: hydrogen, Me and F.

R186 is selecied from the group consisting of. hydrogen and Me.

in embodiments:
ay each of R14, R15, R16, R17, R18, R19 and R20 are hydrogen;
b) when one of R14, R15, R17, R18 and R20 is Me, R16 and R18 are hydrogen;
¢} when R18 is F, R14, R15, R16, R17, R19 and R20 are hydrogen;
dy whenR18is F and R19 is Me, R14, R15, R16, R17 and R18 are hydrogen;
g} wherein R18 and R19 are both F and R14, R15, R17 and R20 are hydrogen; or
i whenEisC-H andR14orR20is F.

in embodiments, Ring Z is selected from the group consisiing of:

10
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in embodiments, when G is N-H, Bis N.

5 in a second aspedt, the invention provides a compound according to Table 1 hereinbelow, or a
pharmaceutically accepiable salt, solvate, sierecisomer or mixiure of sterenisomers, tautomer,
isotopic form, or pharmaceutically active metabolite thereof, or combinations thereof.

in a third aspect, the invention provides a pharmaceutical composition comprising one or more
10 compound of the first or second aspects of the invention or a pharmaceutically accepiable salt,
solvate, sterecisomer or mixture of sterecisomers, tauiomer, isotopic form, or pharmaceutically
active metabolite thereof, or combinations thereof, and one or more pharmaceutically accepiable

carrier.

18 in a fourth aspect the invention provides the compound of the first or second aspecis or the
pharmaceutical composition of the third aspedt for use in the treatment of a disorder or disease

Ll
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selected from an autoimmune disorder and/or inflammatory disease and/or oncologic disease
and/or cancer and/or HIV infection and replication.

in embodiments, the disorder or disease is selected from the group consisting of. rheumatoid
arthritis, mutliple sclerosis, psoriasis and atopic dermatitis.

in embodiments, the compound is an inhibitor of PKC-theta.

in embodiments, the use comprises administering the compound orally; topically; by inhalation;
by intranasal administration; or sysiemically by intravenous, intraperitoneal, subcutaneous, or

intramuscular injection.

In embodimenis, the use comprises adminisiering one or more compound according to the first
or second aspects optionally in combination with one or more additional therapeutic agent.
Suitably, the administering comprises administering the one or more compound according io any
one of first or second embodiments simuiltaneously, sequentially or separately from the one or
more additional therapeutic agent.

in embodiments, the use comprises administering to a subject an effective amount of the
compound according o the first or second aspecis, wherein the effective amount is between
about 5 nM and about 10 uM in the blood, or component thereof, of the subject.

in a fifth aspedci the invention provides a method of treatment of a disorder or disease selected
from an autoimmune disorder and/or inflammatory disease and/or oncologic disease and/or
cancer and/or HIV infection and replication using a compound of the first or second aspecior a
pharmaceutical composition of the third aspect.

in embodimenis the disorder or disease is selected from the group consisting of: rheumatoid
arthritis, muttiple sclerosis, psoriasis and atopic dermatitis.

in embodiments the compound is an inhibitor of PKC-theta.

Within the scope of this applicalion, it is expressly intended that the various aspecis,
embodiments, examples and alternatives set out in the preceding paragraphs, in the claims
and/or in the following description and drawings, and in particular the individual fealures thereof,
may be {aken independently or in any combination. That is, all embodimenis and/or features of
any embodimenti can be combined in any way and/or combination, unless such features are

12
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incompatible. More particularly, it is specifically intended that any embodiment of any aspect may
form an embodiment of any other aspect, and all such combinations are encompassed within the
scope of the invention. The applicant reserves the right {o change any originally filed claim or file
any new claim, accordingly, including the right to amend any originally filed claim 1o depend on
and/or incorporate any feature of any other claim afthough not originally claimed in that manner.

DETAILED DESCRIPTION

Described herein are compounds and compositions {e.g., organic molecules, research iools,
pharmaceutical formulations and therapeutics); uses for the compounds and compositions of the
disclosure (in vifro and in vivo);, as well as corresponding methods, whether diagnostic,
therapeutic or for research applications. The chemical synthesis and biological testing of the
compounds of the disclosure are aiso described. Beneficially, the compounds, compositions,
uses and methods have utility in research towards and/or the treatment of diseases or disorders
in animais, such as humans. Diseases or disorders which may benefit from PKC-theta moduiation
include, for example, auicimmune disorder, inflammatory disease, cancer and/or oncologic
disease and/or HIV infection and replication, such as rheumatoid arthritis, multiple sclerosis,

psoriasis, asthima, atopic dermatitis and Crohn’s disease.

The compounds may also or alternatively be useful as lead molecules for the selection, screening
and development of further derivatives thal may have one or more improved beneficial drug
property, as desired. Such further selection and screening may be carried oul using the
proprietary computational evolutionary algonthm described e.g. in the Applicant’s earlier
published patent application WO 2011/061548, which is hereby incorporated by reference in iis

entirety.

The disclosure also encompasses salis, solvates and functional derivatives of the compounds
described herein. These compounds may be useful in the treatment of diseases or disorders
which may benefit from PKC-theta modulation, such as the aufoimmune disorders, inflammatory
diseases, cancers and/or oncologic diseases and/or HIV infection and replication identified
herein.

Unless defined otherwise, all technical and scientific terms used herein have the same meaning

as commonly understood by one of ordinary skill in the art (e.g. in organic, physical or theoretical
chemistry; biochemistry and molecuiar biolegy).

13
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Unless otherwise indicated, the practice of the present invention employs conventional
techniques in chemistry and chemical methods, biochemistry, molecular biology, pharmaceutical
formulation, and delivery and treatment regimens for patients, which are within the capabilities of
a person of ordinary skill in the art. Such iechniques are also described in the liferature cited
herein. All documenis cited in this disclosure are herein incorporaled by reference in their

entirety.

Prior {o setting forth the detailed description of the invention, a number of definitions are provided
that will assist in the understanding of the disclosure.

in accordance with this disclosure, the terms 'molecule’ or 'molecules’ are used interchangeably
with the terms ‘compound’ or ‘compounds’, and sometimes the term 'chemical structure’. The
term 'drug’ is typically used in the context of a pharmaceutical, pharmaceutical composition,
medicament or the like, which has a known or predicied physiolegical or in vifro activity of medical
significance; but such characteristics and qualities are not excluded in a molecule or compound
of the disclosure. The ferm 'drug’ is therefore used interchangeably with the alternative terms and
phrases ‘therapeutic (agent)’, ‘pharmaceutical {agent)’, and ‘active (agent)’. Therapeutics
according to the disclosure also encompass compositions and pharmaceutical formulations

comprising the compounds of the disclosure.

Prodrugs and solvates of the compounds of the disclosure are also encompassed within the
scope of the disclosure. The term 'prodrug’ means a compound {(e.g. a drug precursor) that is
transformed in vivo to yield a compound of the disclosure or a pharmaceutically acceptable sali,
solvate or ester of the compound. The fransformation may occur by various mechanisms (e.g. by
metabolic or chemical processes), such as by hydrolysis of a hydrolysable bond, e.g. in biood
(see Higuchi & Stella (1987), "Pro-drugs as Novel Delivery Systems”, vol. 14 of the AC.S.
Symposium Series; (1987), "Bioreversible Carriers in Drug Design", Roche, ed., American
Pharmaceutical Association and Pergamon Press). The compositions and medicaments of the
disclosure therefore may comprise prodrugs of the compounds of the disclosure. In some aspects
and embodiments the compounds of the disclosure are themselves prodrugs which may be
metabolised in vivo o give the therapeutically effective compound.

The invention also includes various deuterated forms of the compounds of any of the Formulas
disclosed herein, inciuding Formulas |, Ii, or ili {inc. corresponding subgeneric formulas defined
herein), respectively, or a pharmaceutically acceptable salt and/or a corresponding tautomer form
thereof (inciuding subgeneric formulas, as defined above) of the present invention. Each

available hydrogen atom atiached o a carbon atom may be independently replaced with a
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deuterium aiom. A person of ordinary skill in the art will know how 1o synihesize deuterated forms
of the compounds of any of the Formulas disclosed herein, including Formuilas (), (i), or {II)) (inc.
corresponding subgeneric formulas defined herein), respectively, or a pharmaceutically
accepiable salt and/or a corresponding tautomer form thereof (including subgeneric formulas, as
defined above) of the present invention. For example, deuterated materials, such as alkyl groups
may be prepared by conventional {echniques (see for example: methyl-d3 -amine available from
Aldrich Chemical Co., Milwaukee, Wi, Cat. No.489,689-2).

The subject invention also includes isotopically-labelled compounds which are identical to those
recited in any of the Formulas disclosed herein, including Formulas (1), (), or () (inc.
corresponding subgeneric formulas defined herein), respectively, or a pharmaceutically
accepiable salt and/or a corresponding tautomer form thereof (including subgeneric formulas, as
defined above) of the present invention bul for the fact thal one or more gloms are replaced by
an atom having an alomic mass or mass number different from the atomic mass or mass number
most commonly found in nature, Examples of isotopes that can be incorporated inte compounds
of the invention include isotopes of hydrogen, carbon, nifrogen, oxygen, fluorine, iodine and
chiorinesuch as 3 H, 11 C, 14 C, 18 F, 123 1 or 125 1. Compounds of the present invention and
pharmaceutically acceptable salts of said compounds that contain the aforementioned isciopes
and/or other isciopes of other atoms are within the scope of the present invention. isciopically
labelled compounds of the present invention, for example those into which radicactive isotopes
such as 3 H or 14 C have been incorporated, are useiul in drug and/or substrate tissue distribution
assays. Tritialed, i.e. 3 H, and carbon-14, i.e. 14 C, isciopes are particularly preferred for their
ease of preparation and deteciability. 11 C and 18 F isolopes are particularly useful in PET
(positron emission fomography).

in the contexi of the present disclosure, the terms ‘individual, 'subject’, or 'patient’ are used
interchangeably 1o indicate an animal that may be suffering from a medical (pathological)
condition and may be responsive o a molecule, pharmaceutical drug, medical treatment or
therapeutic treatment regimen of the disclosure. The animal is suitably a mammal, such as a
human, cow, sheep, pig, dog, cat, bat, mouse or rat. In particular, the subject may be a human.

The term ‘alkkyl refers {o a menovalent, optionally substituted, saturated aliphatic hydrocarbon
radical. Any number of carbon atoms may be present, but typically the number of carbon atoms
in the alkyl group may be from 1 {o about 20, from 1 to about 12, from 1 to about 6 or from 1 to
about 4. Usefully, the number of carbon atoms is indicated, for example, a C1-12 alkyl {(or Ci.2
alkyl) refers to any alkyi group coniaining 1 to 12 carbon atoms in the chain. An alkyi group may
be a straighi chain (i.e. linear), branched chain, or cyclic. ‘Lower alkyl refersio an alkyiof 1106
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carbon atoms in the chain, and may have from 1 1o 4 carbon atoms, or 1 to 2 carbon atoms.
Thus, representative examples of lower alkyl radicals include methyl, ethyl, n-propyl, n-butyl, n-
pentyi, n-hexyl, isopropyl, isobuiyl, isopentyl, amyi (CsHi1), sec-bulvi, tert-butyl, sec-amyi, tert-
peniyl, Z-ethylbulyl, 2,3-dimethyibutyl, and the like. ‘Higher alkyl refers {o alkyis of 7 carbons
and above, inciuding n-heplyl, n-octyil, n-nonyi, n-decyi, n-dodecyl, n-fetradecyi, n-hexadecyl, n-
octadecyl, n-eicosyl, and the like, along with branched variations thereof. A linear carbon chain
of say 4 {o 6 carbons would refer {o the chain length not including any carbons residing on a
pranch, whereas in a branched chain it would refer to the {otal number. Optional substituenis for
alky!l and other groups are described below.

The term ‘substiiuied’ means that one or more hydrogen atoms (attached ic a carbon or
hetercatom) is replaced with a selection from the indicated group of substituents, provided that
the designated alom's normal valency under the existing circumstances is not exceeded. The
greup may be optionally substituted with particular substituents at positions that do not
significantly interfere with the preparation of compounds falling within the scope of this invention
and on the understianding that the substitution{s) does not significantly adversely affect the
biclogical activity or structural stability of the compound. Combinations of subsiituents are
permissible only if such combinations result in stable compounds. By 'stable compound’ or ‘stable
structure’, it is meant a compound that is sufficiently robust to survive isolation to a useful degree
of purity from a reaction mbdure and/or formulation into an efficacious therapeutic agent. By
‘optionally substituted’ it is meant that the group concerned is either unsubstituted, or at least one
hydrogen atom is replaced with one of the specified substituent groups, radicals or moieties.

Any radical / group / moiety described herein that may be substituted (or optionally substituted)
may be substituted with one or more (e.g. one, two, three, four or five) substituents, which are
independenily selected from the designaied group of subsiiiuenis. Thus, substiluenis may be
selected from the group: halogen (or ‘halo’, e.g. F, Cl and Br), hydroxyl (-OH), amino or aminyl
{(-NH2), thiol (-8Hj}, cyano (-CN), (lower) alkyl, (lower) alkoxy, (lower) alkenyl, (lower) atkynyl, arvl,
heteroaryl, (lower) alkylthio, oxo, haloalkyl, hydroxyalkyl, nitro (-NQO3}, phosphate, azido (-Na),
alkoxycarbonyl, carboxy, alkyicarboxy, alkylamino, dialkylamino, aminoalkyl, alkylaminoalkyl,
dialkyiaminoalkyl, thioalkyl, alkyisulfonyl, aryisulfinyl, alkylaminosulfonyl, arylaminosuifonyi,
alkylsulfonylamino,  aryisulfonylamino,  carbamoyl,  alkylcarbamoyl, dialkylcarbamoyl,
arylcarbamoyl, alkylcarbeonylamino, arvicarbonylamino, cycloalkkyl, heterocycloalkyl, unless
otherwise indicated. Alernatively, where the substituenis are on an aryl or other cyclic ring
system, two adjacent atoms may be substituied with a methylenedioxy or ethylenedioxy group.
More suitably, the substituents are selected from: halogen, hydroxy, amino, thiol, cyano, (Cq-
Ceialkyl, (C1-Ce)alkoxy, (C1-Ce)alkenyi, (C1-Celalkynyl, aryi, aryl{C+-Ce)alkyl, aryi{C+-Colalkoxy,
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heteroaryl, (C+-Ce)alkylthio, oxo, halo(C+-Cejalkyl, hydroxy(Ci-Cs)alkyl, nitro, phosphate, azido,
(C+-Celalkoxyearbonyl, carboxy, {Ci-Csalkvicarboxy, (C+-Ce)alkylamino, di(Ti-Cslalkylamino,
amino(C+-Celalkyl, (C+-Ce)alkyiamino(C-Cejalkyl, di{C+-Ce)alkylamino(T-Celalkyl, thio{Cs-
Ceyalkyl, {Ci-Cejalkylsulfonyl, aryisulfinyl, (Ci-Cejalkylaminosulfonyl, arylaminosuffonyl, (Ci-
Cejalkylsulfonylamino,  aryisulfonylamino,  carbamoyi, (C+-Co)alkylcarbamoyi,  di{(Cs-
Cejalkylcarbamoyl, arylcarbamoyl, (Ci-Cejalkyicarbonylamino,  arylcarbonylamino, (Ci-
Cejcycloalkyl, and heterocycloalkyl. Stili more suitably, the substituents are selected from one or
more of: flucro, chioro, bromo, hydroxy, (C1-Cejalkyi, (C1-Cs)haloalkyl, (C1-Cs)alkoxy, (Cs-Cejaryl,
a 5 or 6-membered hetercaryl, (Cs-Csjcycloalkyl, a 4- to 6-mambered helerocycloalkyl, cyano,
(C1-Ce)alkylthio, amino, -NH(alkyl), -NH{(C:-Cs)oycloalkyl), -N{(Ci-Cejalkkyla, -OC{O)}-(Ca-
Celalkyl, -OC{Q)-(Cs-Celaryl, -OC(O}-{C+-Celoycloalkyl, carboxy and -C{O)0C-(C+-Cselalkyl. Most
suitably, the substituents are selacted from one or more of: fluoro, chioro, bromao, hydroxy, aming,
(C+1-Celalkyl and {C+-Cr)alkoxy, wherein alkyl and alkoxy are optionally substituied by one or more
chioro. Particularly preferred substituentis are: chloro, methyl, ethyl, methoxy and ethoxy.

The term ‘halo’ or ‘halogen’ refers 1o a monovalent halogen radical chosen from chloro, bromo,
iodo, and fluoro. A ‘halogenated’ compound is one substituted with one or more halo substituent.

Preferred halo groups are F, Cl and Br, and most preferred is F.

When used herein, the term ‘independently’, in reference 1o the substitution of a parent moiety
with one or more substituenis, means that the parent moiety may be substituted with any of the
listed substituents, either individually or in combination, and any number of chemically possible
substituenis may be used. in any of the embodiments, where a group is substituied, it may
contain up to 5, up io 4, up to 3, or 1 and 2 substiluents. As a non-limiting example, useful
substituents inciude: phenyl or pyridine, independently substituied with one or more lower alkyl,
lower alkoxy or halo substituents, such as: chiorophenyl, dichlorophenyi, irichiorophenyl, oyl
xylyi, 2-chioro-3-methylphenyl, 2,3-dichloro- 4-methyiphenyi, eic.

As used herein, the term "alkylene’ or ‘alkylenyl’ means a difunctional group obtained by removal
of g hydrogen atom from an alkyl group as defined above. Non-limiling examples of alkylene
include methylene, ethylene and propylene. ‘Lower alkylene’ means an alkylene having from 1
1o 8 carbon atoms in the chain, and may be straight or branched. Alkyiene groups are optionally
substituted.

The term ‘alkenyl’ refers 1o a monovalent, optionally substituied, unsaturated aliphatic

hydrocarbon radical. Therefore, an alkenyl has at least one carbon-carbon double bond (C=C).
The number of carbon atoms in the alkenyi group may be indicated, such as from 2 {o about 20.
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For example, a C2-12 alkenyl (or Cz.2 alkenyl} refers to an alkenyl group containing 2 o 12
carbon atoms in the structure. Alkenyl groups may be siraight {i.e. inear), branched chain, or
cyclic. ‘Lower alkeny!’ refers to an alkenyl of 1 10 6 carbon atoms, and may have from 1 {0 4
carbon atoms, or 110 2 carbon atoms. Representative examples of lower alkenyl radicals inciude
ethenyl, 1-propenyl, 1-butenyi, 1-penienyi, 1-hexenyl, isopropenyl, isobulenyl, and the like.
Higher alkenyi refers {o alkenyis of seven carbons and above, such as 1-hepienyl, 1-octenyi, 1-
nonenyl, 1-decenyi, 1-dodecenyi, i-tetradecenyi, 1-hexadecenyl, 1-octadecenyl, 1-eicosenyi,
and the like, along with branched variations thereof. Optional substituents include are described
elsewhere.

‘Alkenyleng’ means a difunctional group obtained by removal of a hydrogen from an alkenyi group
that is defined above. Non-limiting examples of alkenylene include -CH=CH-, -C(CHs)=CH-, and
~-CH=CHCH:>

‘Alkynyl and Ylower alkynyl is defined similarly to the term ‘alkenyl, except that it includes at least
one carbon-carbon triple bond.

The term ‘alkoxy’ refers {0 a monovalenti radical of the formula RO-, where R is any alkyl, alkenyl
or alkynyl as defined herein. Alkoxy groups may be optionally substituted by any of the optional
substituents described herein. ‘Lower alkoxy’ has the formula RO-, where the R group is a lower
alkyl, alkenyt or alkynyl. Representiative alkoxy radicals include methoxy, ethoxy, n-propoxy, n-
hutoxy, n-pentyloxy, n-hexyloxy, isopropoxy, ischutoxy, isopentyloxy, amyloxy, sec-butoxy, ter-
butoxy, teri-pentyloxy, and the like. Preferred alkoxy groups are methoxy and ethoxy.

The term ‘aryl’ as used herein refers {o a substituled or unsubstituted aromatic carbocyclic radical
containing from 5 to about 15 carbon aloms; and preferably 5 or 6 carbon atoms. An aryl group
may have only one individual carbon ring, or may comprise one or more fused rings in which at
least one ring is aromatic in nature. A ‘phenyl’ is a radical formed by removal of a hydrogen atom
from a benzene ring, and may be substiiuied or unsubstituted. A ‘phenoxy’ group, therefore, is
a radical of the formula RO-, wherein R is a phenyl radical. ‘Benzyl' is a radical of the formula R-
CHy-, wherein R is phenyl, and ‘benzyloxy’ is a radical of the formula RO-, wherein R is benzyl.
Non-limiting examples of aryl radicals include, phenyl, naphthyl, benzyl, biphenyl, furanyi,
pyridinyl, indanyl, anthraquineclyl, tetrahydronaphthyl, a benzoic acid radical, a furan-2-carboxylic
acid radical, and the like.

A ‘heteroaryl’ group is herein defined as a substituied or unsubstituted ‘aryl’ group in which one
or more carbon atoms in the ring structure has been replaced with a heteroatom, such as
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nitrogen, oxygen or sulphur. Generally, the heteroaryl group contains one or two helercatoms.
A preferred hetercatom is N,  Exemplary hetercaryl groups include: furan, benzofuran,
isobenzofuran, pyrrole, indole, isoindole, thiophene, benzothiophene, benzolclthiophene,
imidazole, benzimidazole, purine, pyrazole, indazele, oxazole, benzoxazole, isoxazole,
benzisoxazole, thiazole, benzothiazole, pyridine, quinoline, isoquinoline, pyrazine, quinoxaline,

acridine, pyrimidine, quinazoline, pyridazine and cinnoline.

The terms ‘heterocycie’ or ‘heterocyclic’ group as used herein refer 10 a monovalent radical of
from about 4- to about 15- ring atoms, and preferably 4-, 5- or 6,7- ring members. Generally the
heterocyclic group contains one, two or three helercatoms, selectied independently from nitrogen,
oxygen and sulphur. A preferred hetercatom is N. A heterocyclic group may have only one
individual ring or may comprise one or more fused rings in which at least one ring contains a
hetercatom. H may be fully salurated or parlially saturaled and may be substituied or
unsubstituted as in the case or aryl and helercaryl groups. Representative examples of
unsaturated 5-membered heterocycles with only one hetercatom include 2- or 3-pyrrolvl, 2- or 3-
furanyl, and 2- or 3-thiophenyl. Corresponding partially saturated or fully saturated radicais
include  3-pyrrolin-2-yl, 2- or 3-pyrrolindinyl, 2- or 3-ietrahydrofuranyl, and 2- or 3-
tetrahydrothiophenyl. Representative unsaiurated 5-membered heterocyclic radicals having two
hetercatoms include imidazolyl, oxazolyl, thiazolyl, pyrazolyl, and the like. The corresponding
fully saturated and pariially saturated radicals are also included. Representative examples of
unsaturated 6-membered heterocycles with only one helerocatom include 2-, 3-, or 4-pyridinyi,
2H-pyranyi, and 4H-pryanyl. Corresponding partially saturated or fully saturated radicals include
2-, 3-, or 4-piperidinyi, 2-, 3-, or 4-tetrahydropyrany! and the like. Representiative unsaturated 6-
membered heterocyclic radicals having two heteroaioms include 3- or 4-pyridazinyl, 2-, 4-, or 5-
pyrimidinyi, Z-pyrazinyl, morpholino, and the like. The corresponding fully saturated and partially
saturated radicals are aiso included, e.g. Z-piperazine. The heterocyclic radical is bonded through
an available carbon atom or heteroatom in the heterocyclic ring directly to the entity or through a
linker such as an alkylene such as methylene or ethylene.

Unless defined otherwise, ‘room temperature’ is intended to mean a temperature of from about

18 10 28°C, typically between aboul 18 and 25°C, and mwore typically between about 18 and 22°C.

As used herein, the phrase ‘room temperalure’ may be shortened to it or ‘RT".

Molecules and Compounds

Disclosed herein is a compound having the structural Formulda I
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or a pharmaceutically accepiable salt, solvate, stercoisomer or midure of sierecisomers,
tautomer, or isotopic form, or pharmaceutically active metabolite thereof, or combinations thereof,
wherein:

Ais selected from the group consisting of: N, C-R?, where R? is selecied from hydrogen,
halogen, C1-3 alkyl and CN;

B is selected from the group consisting of: N; C-H, C-F and C-(C1-3 alkyl);

D is selected from the group consisting of N; C-H; C-R® where R® is selecled from
halogen; C1-3 alkyl; C1-3 haloalkyi,

G is selected from the group consisting of: CR1R2; NR1; and O;

R1 and R2 are independently selected from the group consisting of: hydrogen, halogen,
C1-3 alkkyl, C3-7 cycloalkyl (e.g. CHPr); C1-3 alkoxyi (&.9. OMe); C2-6 cycloalkoxy! (e.g. O°Pr);
2-6 alkyl alkoxy (e.g. CHzOMe), hydroxyl, C1-3 alkyl hydroxy! {e.g. CH2OH), amino, C1-3 alkyl
amino (e.g. CHxNH2); C1-4 amino alkyl {e.g. NHMe or N{(Me)2), C2-7 alkyl amino akyl {(e.g.
CHzNHMe or CHaNH(Me)2); C1-3 haloalkyl; aryi (e.g. phenyl); hetercaryi (e.g. pyridine); alkyl aryl
(e.g. benzyh and alkyl heteroaryl; or

R1 and RZ fogether form a 3-5 membered optionally substituied spiro carbocyclic or
heterocyclic ring; particularly a 4-5 membered oplionaily substituied carbocyclic or heterocyclic
spiro ring; wherein in embodimenis the carbocyclic or heterocyclic spiro ring is unsubstituted;
wherein in aliernative embodimenis the carbocyclic or heterocyclic spiro ring is substituted with
one or more substituents selected from the group consisting of: C1-2 alkyl, halogen; C1-2
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haloalkyl; hydroxy; and C1-2 alkoxy; R3 is selected from the group consisting of: hydrogen, C1-
2 alkyl, -OMe and halogen;

R4 is selected from the group consisting of. hydrogen; C1-8 alkyl (e.g. Me, Ef}; C3-7
cycloalkyl {e.g. cPr, cHexd; C1-5 haloalkyl {e.g. CHF2, CF3, CF2Me, CH2CHF2); C1-5 alkoxyl
{e.g. CMe, OEf); C1-5 haloalkoxyl (e.g. OCHF2, OCF3, OCH2CHF2); alkyl alkoxy (e.g. CH20Me,
(CH2)20Me); C2-6 heterocycloalkyl (e.g. piperiding, piperazine); CN and halogen (e.g. F, Cl, Br);

E is selecied from the group consisling of: N; C-H; C-R®, where R® is selecled from the
group consisting of halogen {(e.g. F, Cl Br); hydroxyl, C1-3 alkyl hydroxyt (e.g. CH:0H,
(CH2)20H); C1-3 alkyl amino {e.g. CHaNHz, (CHzjoNHz); C1-3 haloalkyl (s.g. CHoF \CHF2, CF;,
CH2CHF2); ©2-6 alkyl atkoxy! (e.g. CH2OMe, (CH:).0OMe); and CN,;

R5 and R6 are each independently selected from the group consisting of: hydrogen; C2-
5 alkyl; C1-C5 amino alkyl (e.g. —(CHaj=NHz}; 4-8-membered aminoc alky! ring (e.g. piperidine,
suitably 4-piperidine}; C1-9 alkyl alkoxy; (e.g. -CH:0OMe}; C1-9 alkyl amino alkyi {e.g. —
(CH2)2NHMe or —(THz)2N(Me)2); or

R5 and R6 are joined together to form an optionally substituled, optionally bridged, C3-
10 heterocycloalkyl mono- or bicyclic ring (hereinbefore defined as Ring Z); or

£, R5 and RS iogether are J, whersin J is selecied from the group consisting of: N-RY;
C{(=ORY; SG:RY; O-RY, wherein R? is a 4-8-membered amino alkyl ring.

in certain embodiments, R5 and R8 are joined together io form an optionally substituled,
optionally bridged, 4-8-membered, suitably 5-7-membered, amino alkyl ring (hereinbefore

described as Ring Z), with the general Formula la;

i'/\ E%
R7-N J

wherein R7 is selected from the group consisting of: hydrogen; C1-3 alkyl {e.g. Me); and
C1-3 haloalkyl {(e.g. CHCHF, CHCHF2).

in certain emboediments of Formula |, Formuia [a is an optionally substifuled, optionally bridged,
amino alkyliring, i.e. general Formuia il
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wherein A, B, D, E, G and R3 and R4 are as for Formuia |; and wherein

R8, Rg, R10, R11, R13 and R21 are each independently selecled from the group
consisting of: hydrogen, C1-3 alkyl, C1-3 alkyl alkoxy (e.g. CH20Me), C1-3 alkyl hydroxy! (e.g.
CH2OH, CHMeOH, CMe20H), amino, C1-3 alkyl amino (e.g. CHzNHz, CHMeNH:z, CMe:zNHz2),
C1-6 alkyl amino alkyl (e.g. CH2NHMe or CHxNH(Me)z); C1-8 haloalkyl (e.g. CHzF); alkyl
heteroaryl (e.g. CHz-pyridyl, suitably CH-3-pyridyl; or CHp-thiazole)

R12 is selecied from the group consisting of: hydrogen; C1-3 alkyl; and C1-3 haloalkyl;
or

any one of R8, RY, R10, Ri1, R12, R13 and R21 may be joined to another, different RS,
R9, R10, R11, Ri12, R13 or R21 {o form a 3-7-membered spiro or bicyclic carboceyclic or
heterocyclic ring struciure, and/or a 3-6 membered bridged carbocyclic or heterocyclic ring
structure;

n is selected from the group consisting of: 0; 1, and 2; suitably nis 1 or 2.

In embodiments when n=0, £ is suitably selected from the group consisting of: N; C-H; C-R,
wherein R? is selected from the group consisting of halogen; alkoxy; C1-3 alkylhydroxy (e.g.
CHOH); C1-3 haloakky! (e.g. CH2F); C2-5 alky! alkoxy (e.g. CHxOMe); C2-5 alkyl nitrile {e.g.
CHzCNy).

in specific embodiments of Formula |, or li, the ring defined hereinbefore as Ring Z may be:
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or

wherein R in this conlexd relates 1o the remaining structure of Formula l or I as follows:

5
K N
N
=
° |
3 /
R3
g 1
Q%?;l\\\
-~ 0 R4
in certain embodimenis of Formula ll, G is CR1R2 and n is 1 i.e. a compound of Formula lla:
R13
M R&
rR127
R9
r11 R0
10
lia

wherein;

A is selected from the group consisting of. C-H, C-F, C-Cl; and C-Br;
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B and D are each independently selected from the group consisting of: N and CH;

E is selected from the group consisting of: N, C-F and C-H;

R1 is selected from the group consisting of hydrogen, Me, Et, OMe, OFEi, OH, NHz,
NHMe

R2 is selected from the group consisting of: hydrogen, Me, Ef; suitably Me; or

R1 and R2Z together form a 3-6 membered spiro carboceyclic or heterocyclic ring;
particuiarly a 4-5 membered carbocyclic or heterocyclic spiro ring;

R3 is hydrogen or halogen;

R4 is selected from the group consisting of: hydrogen; Me, Ei, CFH; CF3; CF2Me; OMe,
OFEt, OCF:H; OCF3, CN, Cl and F; and
wherein:

RE and RY are each independently selected from the group consisting of: hydrogen, Me,
Et, CH20H, CHMeCH, CMe20H, CH20Me, and CHzF; and halogen (e.g. F, when E is CH);

R10 and R11 are each independently selecied from the group consisting of: H, Me, Ei,
CH0OH, CHMeOH, CMe20H, CH20Me, CHo; CHF2, CHe-heteroary! (e.q. pyridyl and thiazole),
and CHCF3;

R12 is selected from the group consisting of: hydrogen and Me;

R13 is selected from the group consisting of: hydrogen and Me;

R21 is selected from the group consisting of: hydrogen; and methyl; or
wherein:

any one of R8, RY, R10, Ri1, R12, R13 and R21 may be joined to another, different RS,
RE, R10, R11, R21, R13 or R21 o form a 3-7-membered spirc or bicyclic carbocyclic or
heterocyclic ring struciure, and/or a 3-6 membered bridged carbocyclic or heterocyclic ring
structure.

in specific embodiments of Formula |, or i, the ring defined hereinbefore as Ring Z may be
selected from the group consisting of
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wherein R in this conlext relates to the remaining structure of Formula il {or Formula lla when

G is CR1R2) as follows:

X
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in further specific embodiments of Formula H or lla, any one of R8 to R13 or R21 may be joined
o another, different R8 1o R13 or R21 {o form a 3-7-membered carbocyclic or heterocyclic ring
and/or a 3-6 membered bridged carbocyclic or heterocyclic ring structure. In emboediments, one
of R8 and RY may be joined {c one of R10 and R11 {o form a [6,3}-, 6,4}, [8,5}, [6,7}, [6.8}-
bicyclic struciure. in other embodiments, one of R8 and RY may be joined fo R13{o forma [86,5,5]-
, 16,6,6}-, [6,7,7}-, [6,8,8]-, bridged structure. in other embodimenis, one of R10 and R11 may be
joined to R13 to form a [6,6,4}, [6,7,5]-, [6,8,6]-bridged structure. in other embodimentis, one of
R10 and R11 may be joined {o R21 {o form a [8,5,5}-, [5,6,6]-, [6,7,7]-, |6.8,8]-bridged structure.
in other embodiments, one of R8 and RB may be joined to R21 to form a |6,6,4}-, 16,7,5}-, {6,8,6}-
, bridged structure. In other embodiments, R8 and RS may be joined, or R10 and R11 may be

joined, to form a [8,3}-, [6,4-], 6,5}, I6,61-, I6,7}- spiro struciure.

10

Suitable bicyclic, bridged or spiro structures may be selected from the group consisting of:

L

R
\a

N
L\/NH

=
R R Ny
Y S HN
L\V/NH "

wherein R in this context is the portion of Formula Hl {or Formula lia when G is CR1R2)

ey

[!l”[ll
%
Y

/

z 4
I

15

defined as follows:
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10

15

2T
zZ

3 Z

in certain embodiments of Formula if, Gis CR1R2 and nis 2 i.e. a compound having the structure
of Formula iib:

R18

R17

/
R16

R15

iib

wherein,
A is selected from the group consisting of: C-H, C-F, C-Ci; and C-Br;
B and D are each independently selected from the group consisting of: N and CH;
E is selected from the group consisting of: N; CH; and C-F;

R1 is selected from the group consisting of: hydrogen, Me, Et, OMe, OEL, OH, NHz,
NHMe

R2 is selecied from the group consisting of: hydrogen, Me, Et; suitably Me; or

28



WO 2022/234298 PCT/GB2022/051166

10

15

20

R1 and R2 {ogether form a 3-8 membered spiro carbocyclic or heterocyclic ring;
particularly a 4-5 membered carbocydlic or heterocyclic spiro ring;

R3 is selectied from the group consisting of: hydrogen or halogen {e.g. F};

R4 is selected from the group consisting of: Me, Et, CF2H; CFs; CFa2Me; OMe, OEL, CN,
OCF:zH; OCFs, CI; F;

R14, R15, R17, R18, R12 and R20 is each independently selecied from the group
consisting of: hydrogen; methy! and fluoro.

R16 is selecied from the group consisting of: hiydrogen and Me.

in a specific embodiment of Formula lib, each of R14, R15, R16, R17, R18, R18 and R20 are H.
in another specific embodiment of Formula b, R14, R15, R17, R18, R19 and R20 is each
independently selected from the group consisting of: hydrogen and methy! when E is N In
another specific embodiment of Formula lib, when one of R14, R15, R17, R18 and R20 are Me,
R16 and R19 are hydrogen. In a further specific embodiment of Formula b, when R18 is F, R14,
R15, R18, R17, R19 and R20 are H. In another specific embodiment of Formuia lib, when R18
is F and R19 is Me, R14, R15, R16, R17 and R19 are hydrogen. in another specific embodiment
of Formula Hb, R18 and R192 are both fluoro and R14, R15, R17 and R20 are hydrogen. In ancther
specific embodiment of Formula b, when E is C-H, R14 or R20 is fluoro.

in specific embodiments of Formula b, the ring defined herein before Ring Z may be selected
from the group consisting of:
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wherein R in this context is the portion of Formula Il (or Formula b when G is R1R2) defined
5 as follows:

N F‘\
o= |
G P
R3
g

10
In further specific embodiments of Formulas |, I, and/or i, when Gis N-H, Bis N.
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in certain embodiments of Formula |, G is CR1R2 and E, R5 and R6 together are J, wherein J is
selected from the group consisting of: N-RY; C(=O)RY SO:RY; O-RY, wherein RY is a 4-8-
membered amine alkyl ring, for example, a compound having the structure of Formula il

-
R25 |K R28
R24 N R22
5 Jizs
i
wherein R1, R2, R3 and R4 are as for any of Formula §, §§, lla or lib; and
wherein;
10 K is selecied from the group consisting of: N and C-H;

when K is N, J is selected from the group consisting of: CHz; CHMe; CMez; CO; and SO;;
or
when K is C-H, J is selected from the group consisting of: O and N-R®; wherein R®is
selected from the group consisting oft hydrogen; Me; Ei, Propyl, CH:CFs3; CH:CH:F;
15 CHCHOMe; CHe-oxetans;

R22, R23, R24, R25, R26 are each independently selecied from the group consisting of:
hydrogen; flucro and Me.

in certain embodiments, R22, R23, R24, R25, R26 are each independently selected from the
20 group consisiing of: hydrogen; Me and fluoro only when J is C-H and E is NR®, olherwise R22,
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R23, R24, R25, R26 are each independenily selected from the group consisting of: hydrogen;

and Me.

The compounds of the invention may have the structure as described below:

Example

no.

structure

Synthesis
route

M+H

NMR

Phenyl 1

283.2

1H NMR {DMSO-d6, 500 MHz):
& {ppm) 11.46 {br s, 1H}, 11.01
{s, 1H), 7.95 {d, J = 5.5 Hz, 1H),
7.47-7.66 {m, 4H), 7.07{d, I =
5.4 Hz, 1H}, 2.91 {br s, 1), 2.36
{brs, 6H), 1.49 {brs, 3H}

Phenyl 3

286.2

1H NMR {DMS0-d6, 500 MHz):
S{ppm} 11.50 {brs, 1H}, 11.05
s, 1H), 9.16 {brs, 2H), 7.93 (g, J
=5.6Hz, 1H}, 7.39{t, 1= 7.8 Hz,
1H}, 7.05-7.13 {m, 4H)}, 3.44-
3.52 (m, 4H), 3.23 {br s, 4H)
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Phenyl 1

269.2

1H NMR {DMSO-d6, 500 MHz):
S {ppm) 11.42 (s, 1H), 11.03 (s,
1H), 7.93 (d, § = 5.4 Hz, 1H),

7.44-7.53 {m, 3H), 7.37{d, i =
7.3 Hz, 1H}, 7.05{d, J = 5.4 Hz,
1H), 3.48 {s, 2H), 2.17 {s, 6H)

Phenyl 3

5 {ppm} 11.13 {br
{brs, 2H), 8.12{d,
1H), 7.39{t, 1= 7.

|
KRRt R
P i TR N

{

7.8 Hz, 1H), 7.10(d, } = 5.6 Hz,
1H), 7.08 {dd, } = 8.2, 2.3 Hz,
1H), 4.94-5.02 {m, 1H}, 3.77 i,
2H}, 3.39-2.49 {m, 4H), 2.22 (br

s, 4H)

Pheny! 3

1H NMR {DMSO-d6, 500 MHz):
S{ppm)} 11.08 (s, 1H}, 9.11 {br
s, 2H), 8.11(d, } = 5.4 Hz, 1H),

7384, 1 =7.9 Hz, 1H}, 7.17-
7.19 {m, 1H), 7.05-7.10 {m, 2H),
7.01(d, § =5.6 Hz, 1H), 4.08 {q,
3= 7.5 Hz, 1H}, 3.64 (brs, 1H),

3.41-3.47 {m, 4H}, 3.19-3.25
{m, 44}, 0.95 (d, § = 7.6 Hz, 3H)
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[
-

Phenyl 3

287.1

1H NMR {DMSO-d8, 500 MHz
S {ppm} 12.32 {brs, 1H}, 9. 1“
(brs, 2H), 8.10{d, J = 5.6 Hz,

1H), 7.40-7.49 {m, 3H), 7.36 {d,
=7.6Hz, 1H), 7.15{dd, § = 8.2,
2.1 Hz, 1H), 5.37 {br s, 1H),
3.43-3.50 {m, 4H), 3.25 (brs,

aH)

»~...-

Pt

Phenyl 3

314.2

1HNMR(DMSO~G 500 MHz}:
6 {ppm) 11.45 (s, 1H}, 11.07 (s,
1H}, 9.05 {brs, 2H), 7.93{d, I =
5.6 Hz, 1H), 7.06 {d, } = 5.4 Hz,
1H}, 6.90-6.96 {m, 2H}, 6.86
{dd, 1=8.9, 1342 1H}, 3.47-
3.57 (m, 4H), 3.22 {br s, 4H)

o

‘.\"\‘\

Pheny! 3

310.2

1H NMR {DMSO-d6, 500 MHz):
S{ppm} 11.53 {brs, 1H}), 11.07
{s, 1H}, 8.49 {br s, 1H}, 9.03 {br
s, 1H}, 7.93{d, § = 5.8 Hz, 1H},
7.41{t, } =8.1 Hz, 1H}, 7.08-
7.16 {m, 3H), 7.06 {d, § = 5.6 Hz,
1H), 5.58 {brs, 1H}, 4.17-4.41
{m, 1H}, 2.83{brd, §= 13.0Hz
li-'.‘-, 3.18-3.37 {m, 4H}, 3.03-
3.13{m, 1H}, 1.11(d, = 6.8 Hz,
H}

|..\

f.u"-
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Phenyl 3

326.2

1H NMR {DMSO-d6, 500 MHz):
& {ppm) 11.48 {br s, 1H}, 11.04
(s, 1H}, 9.17 {br s, 2H}, 7.91 (d, §
=5.6Hz, 1H), 7.05 (d, } = 5.6 Hz,
1H3, 6,71 s, 1H), 6.61 {br d, I =
12.2 Hz, 2H}, 5.64 (brs, 1H},
3.82 {s, 3H}, 3.41-3.51 {m, 4H},
3.05-3.25 {m, 4H)

Phenyl 3

5]
(93]
&

w
w
T w

1H NMR {DMSO-d6, 500 MHz):
6 {ppm) 11.45 (s, 1H}, 11.12 (s,
1H}, 9.04 {brs, 2H), 7.92 (d, } =
5.6 Hz, 1H), 7.10-7.17 {m, 1H},
7.02-7.07 {m, 3H}, 3.47-3.57
{m, 4H}, 3.41(brs, 1H), 3.21 {br
s, &4H}

i1

Pheny! 3

324.2

1H NMR {DMSO-d6, 500 MHz):
S{ppm} 11.48 {brs, 1H}, 11.02
{s, 1H}, 8.50 {br s, 1H}, 8.86{br
s, 1H}, 7.93{d, § = 5.8 Hz, 1H},
7.38(t, §=7.8 Hz, 1H), 7.15 {d,
=1.7Hz, 1H), 7.11 {dd, 1= 8.3,
2.2 Hz, 1H), 7.04-7.08 (m, 2H),
4.61 {brs, 1H), 3.97 {br d, § =
12.2 Hz, 2H), 3.28-3.44 {m, 2H},
2.76{brt, 1=12.2 Hz, 2H}, 1.32
(d, § = 6.6 Hz, 6H)
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Phenyl 3

1H NMR {DMSO-d6, 500 MHz):
S{ppm)} 11.47 {brs, 1H}, 11.01
{3, 1H}, 8.61 {brs, 1H}, 9.43 {(br
s, 1H), 8.87 {brs, 1H}, 8.71 {br
s, 1HL, 834 {brs, 1H), 7.91(d, §

= 5.4 Hz, 1H), 7.83 (brs, 1H),
7.29-7.36 {m, 1H), 7.24 {s, 1H},
7.12(d, § = 7.8 Hz, 1H), 7.03
{dd, §=2.3, 2.0 Hz, 1H}, 6.95 {d,
1= 5.6Hz, 1H), 5.28 (br s, 1H),
5.08 (brs, 1H), 3.68 (brt, i= 4.5
Hz, 2H), 3.58 {brs, 2H), 3.23
3.39 {im, 2H}

i3

Pyridine

1H NMR {DMSO-d6, 500 MHz):
S{ppm} 11.58 {(brs, 1H}, 11.22
(s, 1H), 9.26 {br s, 2H}, 8.24 (d, }
=5.6Hz, 1H), 7.8 (d, § = 5.4 Hz,
1H), 7.18 (s, 1H), 7.12{d, 1 =5.6
Hz, 1H}, 7.01{d, 1 = 5.6 Hz, 1H),
3.88-3.92 {m, 4H), 3.80 {brs,

1H), 3.19-3.25 {m, 4H}

14

Pyridine

287.2

1H NMR {DMSO-d6, 500 MHz):
S5 {ppm} 11.58 {brd, 1= 1.0 Hz,
1H), 10.63 {s, 1H}, 9.36 {brs,
2H), 7.95 (d, § = 5.6 Hz, 1H},
7.75{dd, §= 8.5, 7.6 Hz, 1H},
7.381{d, } = 5.6 Hz, 14}, 7.27 {d,
§=73Hz, 1H}, 7.00(d, 1= 8.8
Hz, 1H), 4.92 {brs, 1H), 3.71-
3.93 (m, 4H), 3.20 {br s, 4H)
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H

1H NMR {DMSO-d6, 500 MHz):
S {ppm} 11.50 {br s, 1H}), 10.98

= 5.4 Hz, 1H), 7.21-7.28 {m, 1H},
7.13{dt, § = 9.0, 3.7 Hz, 1H),

991d, § = 5.4 Hz, 1H), 6.21 {br
, 1H), 3.34-3.48 {m, 4H), 3.21

H},9.23 {brs, 2H}, 7.93 (g, }
04 {dd, 1= 6.1, 2.9 Hz, 1H),

{brs, 4H}

.
@

H
N

UL

H

1H NMR {DMSO-d6, 500 MHz):
S{ppm} 13.73 {brs, 1H}, 11.75
{s, 1H}, 11.50 (br s, 1H), 8.65 {br
s, 2H), 8.40(d, = 7.3 Hz, 1H),
8.08{d, } = 5.6 Hz, 1H}, 7.45 {d,
§=27Hz, AH}, 7.27{dd, § = 7.3,
2.7 Hz, 1H}, 7.23(d, } = 5.4 Hz,

1H}, 3.96-4.13 {m, 4H), 2.27 {br
s, 4H}

{s, 1
Phenyl 3 314.3
7.
6.
S
Pyridine 29732
Pheny! 3 310.2

1H NMR {DMSO-d6, 500 MHz):
8 {ppm) 11.40 (s, 1H), 10.98 (s,
1H}, 9.63 {brs, 1H), 7.92(d, =
5.6 Hz, 1H), 7.38 (¢, §= 7.8 Hz,
1H), 7.05-7.12 {m, 3H), 7.04 {d,
§=5.4Hz 1H}, 3.35-4.31 {m,
3H}, 2.90-3.27 {m, 4H), 2.54-
2.86 {im, 3H}
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Phenyl 3

327

1H NMR {DMSO-d6, 500 MHz}:
Sippm} 1111 {5, 1H}, 9.16{br
s, 2H}, 8.12{d, § = 5.6 Hz, 1H},
7.02{d, J = 5.4 Hz, 1H), 6.99-
7.01 {m, 1H), 6.93 {dt, } = 12.3,

2.2 Hz, 1H}, 6.80{dt, = 9.3, 1.2

Hz, 1H), 4.62 {brs, 1H), 4.11 (g,
§=7.6Hz, 1H}, 3.46-3.55 (m,

4H), 3.20 {brs, 4H), 0.98 (d, § =

7.6 Hz, 3H)

i35

Phenyl 2

323.2

1H NMR {DMSO-d6, 500 MHz):
& {ppm) 12.25 {br s, 1H}, 11.12
(s, 1H), 9.44 {br s, 2H}, 8.16 (d, §
= 5.4 Hz, 1H), 7.87-8.06 (m, 1H),
7.69-7.78{m, 2H}, 7.57-7.65
{rm, 1H), 7.1 {(br d, § = 3.9 Hz,
1H}, 4.37-4.59 {m, 2H}, 4.15-
4.30 {m, 3H}, 3.92 (brs, 1H),
3.41-3.51 {m, 2H}, 3.13-3.34
{m, 3H}, 0.96(d, 1 = 7.6 Hz, 3H)

20

Phenyl 2

310.2

1H NMR {DMSO-d6, 500 MHz):
Sippm} 12.26 {brs, 1H}, 11.54
{brd, =0.7 Hz, 1H), 11.09 (s,
1H}, 9.72 {brs, 2H), 7.94-7.99
{r, 2H}, 7.70-7.77 {m, 2H},
7.57-7.64 {m, 1H), 7.18{d, i =
5.4 Hz, 1H), 4.48 {br s, 2H),
3.53-3.66 {m, 2H}, 3.44-3.53
{m, 4H}, 3.23-3.41 {m, 2H)
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Specific
Phenyl 1

323.2

1H NMR {DMSO-d6, 500 MHz):
S{ppm)} 11.10 (s, 1H}, 9.10{br
s, 2H), 8.12(d, } = 5.4 Hz, 1H),
7.384t, }= 7.9 Hz, 1H}, 7.18 6, 4
= 1.8 He, 1H}, 7.05-7.10 {m, 2H},
7.00{d, } =5.4 Hz, 1H}, 4.14-
4.20 {m, 1H), 4.11 {brs, 1H),
3.44{brd, §= 4.3 Hz, 4H), 3.18-
3.26{m, 4H), 1.68 (ddd, i =
13.8, 7.4, 4.0 Hz, 1H}, 1.31-1.44
{m, 1H), 0.41 (t, J = 7.3 Hz, 3H)

Phenyl 1

1H NMR {500 MHz, DMSO-d6}
S ppm 11.05(s, 1 H} 8.12(d,

§=5.38 Hz, 1 H} 7.51 {m, }=1.50
Hz, 2 H} 7.43 - 7.48 {m, 1 H)

7.38 {m, =7.30 Hz, 1 H1 .99 (d,

§=5.62 Hz, 1 H} 4.03 {d, }I=7.58
Hz, 1H)} 3.41-3.51{m, 2 H)

2.16{s, 6 H} 0.93 {d, I=7.58 Hz,

3 H)

23

Pheny! 3

1H NMR {DMSO-d6, 600 MHz):
S{ppm) 11.11 (s, 1H}, 9.03 {br
s, 2H), 8.08(d, § = 5.3 Hz, 1H),
7.26{t, § = 7.9 Hz, 1H), 7.07 (br
dd, = 8.2, 1.9 Hz, 1H), 6.50 (¢, §
= 1.8 Hz, 1H), 6.79 {dt, § = 7.5,
1.0Hz, 1H}, 6.76 {d, 1= 5.3 Hz,
1H}, 4.48 {brs, 1H), 3.36-3.43
{m, 4H}, 3.21 {br s, 4H}, 1.09 {5,
6H)
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Specific
Phenyl 2

310.3

1H NMR {DMS0-d8, 500 MHz}:
5 {ppm} 11.69 {brs, 1H), 9.24
{brs, 2H}, 8.75 (s, 1H}, 7.36
7.49 (m, 3H), 7.17 (brdd, I =
7.8, 1.5 Hz, 1H}, 5.73 {brs, 1H),
4.29{q, 1= 7.6 Hz, 1H}, 3.45 {br
d, }=2.2 Hz, 4H}, 3.23 {brs,
4H), 1.11{d, } = 7.6 Hz, 3H)

Phenyl 3

W
~J
~!
s

1H NMR {DMSO-d6, 500 MHz):
Sippm) 11.13 (s, 1H}, 9.04 {br
s, 2H}, 8.15{d, § = 5.4 Hz, 1H},
7.44{t, = 2.2 Hz, 1H}, 7.32-
7.36 {m, 2H}, 7.07{d, § = 5.6 Hz,
1H), 4.12 (g, § = 7.6 Hz, 1H),
3.63 (brs, 1H), 3.56 {dd, § = 6.5,
4.0 Hz, 4H), 3.20-3.27 (m, 4H),
0.95{d, § = 7.6 Hz, 3H}

26

phenyl 3
{using
Specific
Phenyl 3 as
compound

i)

HN

1H NMR {500 MHz, DMSC-d6)
S ppm 10.49-11.52 {m, 1 H}
8.00{brd, J=4.89 Hz, 1 H} 7.20 -
7.29{(m, 1H}6.78-6.94 {m, 1
H) 6.58 {br d, J=14.67 Hz, 3 H)
4.53-4.62 (m, 2 H) 4.32 (m,
§=6.10Hz, 2H)3.93-4.20{m, 2
H}3.39-3.54{m, 4 H} 3.02 -
3.15(m, 1H) 2.25- 2.46 {m, 2
H} 1.44 - 1.83(m, 4 H) 1.07 s, 6
H)
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1H NMR {DMSO-d6, 500 MHz):
S{ppm) 11.12 (s, 1H}, 9.26 {br
s, 2H), 8.16{d, } = 5.4 Hz, 1H),
7.74{dt, 4 = 7.8, 1.2 Hz, 1H},
7.69(t, § = 1.5 Hz, 1H), 7.61 (¢, §
Phenyl 2 3374 = 7.7 Hz, 1H), 7.54 {dt, §= 7.8,
1.2 Hz, 1H), 7.04 {d, ) = 5.4 Hz,
1H), 411 (g, } = 7.7 Hz, 1H},
3.61-3.93 {m, 4H}, 3.33 {brs,
1H), 3.17 (brd, § = 2.2 Hz, 4H),
0.85{d, § = 7.6 Hz, 3H}

1H NMR {DMS0-d6, 500 MHz):
S{ppm) 11.21 (s, 1H}, 9.31 {br
s, 2H), 8.23(d, § = 5.1 Hz, 1H),
8.13(d, } = 5.4 Hz, 1H), 6.99 {br
s, 1H), 6.79(d, } = 5.4 Hz, 1H),
6.77{d, }=5.1Hz, 1H}, 5.61 (br
s, 1H}, 3.78-3.95 {m, 44}, 2.10-
3.33(m, 4H), 1.14 (s, 6H)

Pyridine 324.1

1H NMR {DMSO-d6, 500 MHz}:
S{ppm} 11.15 (s, 1H}, 9.18{br
s, 2H}, 8.09{d, } = 5.4 Hz, 1H},
6.93 (dt, § = 13.0, 2.0 Hz, 1H),
6.78{d, J=5.4Hz, 1H}, 6.73 (s,
1H), 6.60 (d, } = 8.6 Hz, 1H},
3.67 {brs, 1H}, 3.44-3.5G {m,
4H}, 3.17-3.23 (m, 4H), 1.11 (s,

6H)

29 Pheny! 3 341.

[HEY
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1H NMR {DMSO-d6, 500 MHz):
S{ppm)} 11.14 (s, 1H}, 9.45 {br
s, 1H}, 8.95 {brs, 1H), 8.09{d, }
= 5.4Hz, 1H), 6.88{dt, §=12.7,
2.2 Hz, 1H}, 6.78 {d, i = 5.4 Hz,
1H), 6.68 (s, 1H), 6.56-6.61 {m,
1H), 4.28 (dtt, 1 = 6.8, 4.4, 3.3
Hz, 1H}, 3.78 {brs, 1H), 3.54-
3.61{m, 1H}, 3.11-3.34 {m, 4H),
2.58-3.10 {m, 1H), 1.13(d, I =
6.8 Hz, 3H), 1.11 (s, 6H)

Phenyl 3

%)
W
_U1
[

1H NMR {DMS0-d6, 500 MHz):
S{ppm)} 11.20 (s, 1H}, 9.52{br
s, 1H}, 9.08 {brs, 1H)}, 8.23(d, J
=5.4Hz,1H), 8.13{d, } =5.4 Hz,
1H), 6.89{s, 1H}, 6.78{d, 1=5.4
Pyridine 3381 | Hz 1H), 6.73{d, 1= 5.1 Hz, 1H},
4.94 {brs, 1H), 4.70-4.78 {m,
1H}, 4.28-4.37 {m, 1H}, 3.17-
3.34 {m, 4H), 2.95-3.05 {m, 1H),
1.26{d, 1= 7.1Hz, 3H), 1.13 (s,
6H)

N -

2T

1H NMR {DMSO-d6, 500 MHz}:
S {ppm) 11.81-12.85 {m, 1H)},
11.19{s, 1H}, 9.52 {br 5, 2H},
8.13{d, } =5.4 Hz, 1H), 7.61-
7.78 {m, 1H), 7.45 {brs, 1H),
733 {brd, j=8.6 Hz 1H), 6.83
(d, §= 5.4 Hz, 1H}, 3.95-4.33 {m,
7H), 3.11-3.34 {m, 3H}, 1.10 (s,

6H)

Phenyl 2 355.

w
[HEY

42
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Phenyl 3

%)

iy

1H NMR {DMSO-d6, 600 MHz):
S{ppm)} 11.16(s, 1H}, 9.06 {br
s, 2H), 8.10(d, } = 5.3 Hz, 1H),
6.94{dt, § = 12.5, 2.2 Hz, 1H),
.78 {d, J =5.3 Hz, 1H), 6.69 (s,
1H}, 6.57 (d, § = 8.8 Hz, 1H},
3.84 (brs, 1H), 3.40-3.50 {m,
4K}, 3.18 {brs, 4H), 1.62{dd, i =
13.6, 7.4 Hz, 1H}, 1.21-1.33 {m,
1H), 1.15 {s, 3H}, 0.48 (t, 4= 7.4
Hz, 3H)

Specific
Phenyl 4a

1H NMR {DMSO-d6, 500 MHz):
Slppm) 11.32 (s, 1H}, 8.72 {br
s, 2H}, 8.07{d, § = 5.4 Hz, 1H},
6.91 (brdt, §=12.5 2.2 Hz, 1H),
6.741d, §=5.4Hz, 1H), 6.72 {1, 4
= 1.5 Hz, 1H), 6.60 {dt, i = 8.6,
1.2 Hz, 1H), 3.42-3.46 {m, 4H},
3.18-3.23 {m, 4H}, 1.28-1.37

{m, 2H}, 1.22 (g, § = 4.0 Hz, 2H)

Specific
Phenyl 4k

Y]

[HEY

1H NMR {500 MHz, DMSO-d6)
6 ppm 10.48 - 11.39 {m, 1 H}
8.04{d, }=5.38 Hz, 1 H}6.81 -
6.87 {m, 2 H} 6.80 {d, }=5.38 Hz,
1H}6.61-6.67{m, 1H)3.24-
3.30(m, 1H)3.10-3.14(m, 4
H}2.76-2.81{m, 4 H} 2.21 -
2.37(m, 4H) 1.73-1.90 {m, 1
H}1.12-1.31{m, 1 H)
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Phenyl 3

[FY)
)]
~4
[

1H NMR {DMSO-d6, 500 MHz}:
S{ppm} 11.00{s, 1H}, 9.12 {br

s, 2H}, 8.06{d, § = 5.4 Hz, 1H},

6.92 (br dt, § = 12.5, 2.4 Hz, 1H),
65.79 {5, 1H}, 6.76 {d, } = 5.4 Hz,
1H}, 6.65 {brd, § = 2.8 Hz, 1H},
3.42-3.48 {m, 4H}, 3.18 {br s,

4H), 1.87 {brt, § = 6.0 Hz, 4H),
1.64 (brd, } = 4.6 Hz, 2H), 1.15
{brd, }=5.4Hz, 2H}

Phenyl 3

1H NMR {DMS0-d6, 500 MHz):

5 (ppm) 11.18 {s, 1H}, 9.24 {br

s, 2H), 8.12(d, § = 5.4 Hz, 1H),

7.35{s, 1H), 7.20 {s, 1H}, 7.06

s, 1H}), 6.83 {d, § = 5.4 Hz, 1H},

4 43 {brs, 1H}, 3.51-3.56 {m,
4H), 3.17-3.24 {m, 4H}, 1.08 (s,

6H)

-

3
a
ks

Pyridine

324

1H NMR {DMSO-d6, 500 MHz}:
S{ppm} 11.10 (s, 1H}, 9.12 {br
s, 2H}, 8.12{d, } = 5.4 Hz, 1H},
7.75{dd, 1= 8.6, 7.3 Hz, 1H),
7.01(d, J = 8.6 Hz, 1H), 6.89 {d,
J=5.4Hz 1H), 6.82(d, §= 7.1
Hz, 1H}, 4.23 {brs, 1H}, 3.74-
3.79 {m, 4H), 3.15-3.20 {m, 4H),
1.18 (s, 6H)

44
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1H NMR {DMS0-d6, 500 MHz):
& {ppm) 11.10 (s, 1H}, 9.28{br
s, 1H, 8.84 {brs, 1H), 8.08(d, §
=5.4Hz, AH), 7.37 {t, I = 7.8 Hz,
iH), 7.05{dd, } = 8.3, 2.2 Hz,
1H), 6.87 {t, 1= 2.2 Hz, 1H), 6.80
(d, §=7.3Hz, iH}, 676 (d, i=
5.1 Hz, 1H}, 4.10-4.21 (m, 1H),
3.43-3.51{m, 1H), 3.36 (br s,
1H}, 3.22-3.29 {m, 2H}, 3.05-
3.22 {m, 3H}, 1.09 {s, 8H), 1.07
{4, }= 6.2 Hz, 3H}

[S%]
w
~4
[

39 Phenyl 3

1H NMR {DMSO-d6, 500 MHz):
Sippm) 11.15 (s, 1H}, 9.12 {br
s, 2H}, 8.09{d, § = 5.4 Hz, 1H},
7. | 713(t1=21Hz 1), 687 (dd,
Pheny! 3 2cq =21, 1.3 Hz, 1H}, 6.81 {t, i =
1.5 Hz, 1H}, 6.78 {d, 1= 5.4 Hz,
1H), 4.82 {brs, 1H), 3.39-3.53
{m, 4H), 3.15-3.23 {m, 4H}, 1.11
{s, 6H}

Z

Xy 1H NMR {DMSO-d8, 500 MHz):
© & {ppm) 11.08 {br 5, 1H), .06
{d, §=5.4Hz, 1H), 7.28(r, i =
7.6 Hz, 1H}, 6.91 {dd, 1 = 8.4,
phenyl 3 2.3 Hz, 1H}, 6.76 {d, } = 5.4 Hz,
{using 1H}, 6.73{t, I = 1.7 Hz, 1H), 6.65
a1 O Specific 40 {d, }=7.3Hz, 1H}, 7.27 {brs,
T\\ Phenyi 3 as ' 2H}, 4.56 {dd, I = 7.8, 5.8 Hz,
compound 2H}, 4.28{t, } = 6.2 Hz, 2H},
o ) 3.73-3.82 (m, 1H), 3.45{d, J =
6.8 Hz, 2H), 3.22 {brd, § = 12.5
Hz, 2H), 3.07-3.15 {m, 1H},
2.76-2.90 {m, 2H}, 1.65-1.79
N {m, 4H), 1.09 {s, 6H}

-~
[HEY
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1H NMR {DMSO-d6, 500 MHz):
& {ppm) 11.22 {s, 1H}, 8.75{br
s, 2H), 8.15(d, § = 5.1 Hz, 1H),
7.91{dt, =78, 1.5 Hz, 1H},
42 Phenyl 2 387.3 7.84 1, 1= 7.7 Hz, 1H}, 7.78 (dt,
§=76,15Hz, 1H), 7.71{t, i =
1.6 Hz, 1H), 6.83 {d, 1= 5.4 Hz,
1H), 3.73 {brs, 1H), 3.18 {brs,
&H), 1.09 {s, 6H)
1H NMR {DMSO-d6, 500 MHz):
S{ppm) 11.12 (s, 1H), 8.99-9.19
{m, 2H), 8.09 (d, § = 5.4 Hz, 1H},
phenyl 2 7.43-7.50 {m, 14}, 7.37-7.42
{using {m, 1H}, 7.29-7.25 {m, 2H}, 6.77
4 R Specific 3382 {d, jf 5.4 le, 11-!).'- 4.0$ (brf,.
Phenvi 5 as 1H), 3.86 {brs, 1H}, 3.63-3.69
compound {m, 1H}, 3.51{dd, 1=8.8,6.1
) Hz, 2H}, 3.23-3.37 {m, 3H}, 2.43
{ddd, = 12.8, 7.8, 4.6 Hz, 1H},
2,16 (dt, § = 13.0, 9.0 Hz, 1H),
1.07{d, § = 2.0 Hz, 6H}
1H NMR {DMSO-d6, 500 MHz}:
N S {ppm} 11.08 {brs, 1H}, 8.08
”?LE“S?:;E (d J=5.1Hz, 1H), 7.46 (1, ) =
Specific 7.7 Hz, 1H‘), 7A197(dd, =78,
44 Phenyl 6 as 324.1 1.7 Hz, 2H){ 7.02{t, }=1.6Hz
compound 1H), 6.79 (d, J = 5.4 Hz, 1H),
0 4.73(d, 1 =6.1 Hz, 2H}, 4.67 {d,
' 1= 5.9Hz, 2H), 3.00 (s, 2H},
1.42 {brs, 2H), 1.07 {s, 6H}
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Specific
Phenyl 7

[F8)
b
N
[

1H NMR {DMSO-d8, 600 MHz):
5 {ppm) 11.13 (s, 1H), 8.55-8.87
{m, 2H)}, 8.09 {4, } = 5.3 Hz, 1H),
7.41-7.48 {m, 1H), 7.33 (dt, I =
7.8, 1.5 Hz, 1H), 7.19 (dt, § =
7.6, 1.3 Hz, 1H), 7.15{t, § = 1.
Hz, 1H}, 6.771d, § = 5.3 Hz, 1H},
4.65 {brs, 1H), 3.36 {br d, I=
12.6 Hz, 2H), 2.95-3.03 {m, 2H),
2.92 {tt, J= 12.0, 3.5 Hz, 1H),
1.96{brd, J=13.2 Hz, 2H),
1.80-1.8C {m, 2H}, 1.06 {s, 6H)

Phenyl 3

w
B
w
S

1H NMR {DMSO-d6, 600 MHz):
& {ppm} 11.05 (s, 1H}, 3.10{br
s, 2H}, 8.15{d, § = 5.6 Hz, 1H},
7.33{dd, § = 1.9 Hz, 1H), 7.08-
7.12{m, 1H), 7.04{d, § = 5.4 Hz,
1H}, 6,95 (dt, 1= 12.3, 2.2 Hz,
1H), 6.49 (brs, 1H}, 3.95 (brs,
1H}, 3.44-3.52 {m, 4H), 3.17-
3.24 (m, 4H), 1.15 (s, 3H)

Phenyl 2

338.3

1H NMR {DMS0-48, 600 MHz):
& (ppm) 11.12 (s, 1H), 8.62-8.88
{m, 2H), 2.08 (d, } = 5.3 Hz, 1)},
7.37-7.43 {m, 1H), 7.10 {ddd, 1 =
8.4, 2.5, (.7 Hz, 1H), 6.94 {dd, }
=2.3,1.6 Hz, 1H), 6.90 (dt, I =
7.5,1.1Hz, 1H), 6.77 (d, = 5.3
Hz, 1H), 4.69 (dt, } = 7.6, 4.0 Hz,
1H), 4.53 {brs, 1H), 3.19-3.27
{m, 2H), 3.00-3.12 {m, 2H), 2.10
{ddd, § = 10.1, 6.9, 3.4 Hz, 2H),
1.83{ddt, 1= 13.2, 8.7, 4.2 Hz,
2H), 1.08 {5, 8H}

S
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1H NMR {DMSO-d6, 500 MHz):
& {ppm) 11.17 {s, 1H}, 9.08 {br
s, 2H), 8.12(d, § = 5.4 Hz, 1H),

7.41-7.48 {m, 1H), 7.33(dd, § =
8.1, 1.5Hz, 1H}, 7.10(dd, I =

7.6,1.5Hz, 1H), 6.72(d, I=5.4
Hz, 1H}, 4.19 {brs, 1H), 3.18
3.32 {m, 8H}, 1.10 (s, 3H), 0.95

{s, 3H)

48 Phenyl 3

1H NMR {DMSO-d6, 500 MHz):
& {ppm) 10.91 {s, 1H)}, 9.28 (br
s, 2H}, 8.00{d, § = 5.4 Hz, 1H),
744t §=8.1 Hz, 1H}, 7.14 {dd,
1=8.3, 2.0Hz, 1H},
Specific {m, 3H), 6.95-6.99 {m, 2H}, 6.79
Phenyl 8 e {d, J=5.4Hz 1H}, 6.76{dd, =
6.6, 2.9 Hz, 2H}, 575 {brs, 1H),
3.36-3.50{m, 4H}, 3.22 {brs,
4H}, 2.84 (d, } = 13.2 Hz, 1H),
2.56(d, §=13.2 Hz, 1H}, 1.38 (s,
3H)

43

1H NMR {DMSO-d6, 500 MHz):
& {ppm) 11.12 (s, 1H), 8.97-3.27
{m, 24}, 8.08 (d, § = 5.4 Hz, 1H},
7.35{t, §=7.6 Hz, 1H), 7.07-
7.15{m, 1H}, 6.92-6.99 {m, 1H),
6.75-6.81 {rn, 2H}, 4.32 {brs,
1H}, 3.77-3.8G (m, = 12.5 Hz,
2H), 3.26-3.37 (m, 1= 12.2 Hz,
1H), 2.95-3.18 {m, 3H), 2.75-
2.95 {m, 1H), 1.87-2.09 {m, 1H},
1.10{d, § = 5.1 Hz, 6H}, 1.03
{dd, § = 12.2, 6.8 Hz, 6H)

Pheny! 3 365.

w
[HEY

48



WO 2022/234298

PCT/GB2022/051166

51

Phenyl 3

351.2

1H NMR {DMSO-d6, 500 MHz):
8 {ppm) 11.12 (s, 1H), 9.02-9.28
{m, 2H), 8.08 (d, J = 5.4 Hz, 1H),
7.33-7.39 {m, 1H}, 7.10 (dd, } =
8.3, 2.4He, 1H}, 6.94 {5, 1= 2.0
Hz, 1H}, 6.78-6.80 {m, 1H}, 6.77
(d, §=5.4Hz, 1H}, 5.07 {brs,
H), 3.70-3.94 {m, 2H), 3.33 {br
=12.2 Hz, 1H), 3.14-3.24
|

52

Phenyl 3

1H NMR {DMS0-d6, 500 MHz):
S{ppm) 11.11 (s, 1H}, 9.36{br
s, 1H}, 9.09 {brs, 1H}, 8.08 (d, J
=5.4Hz, AH), 7.35{(t, I = 7.9 Hz,
1H), 7.08 {dd, § = 8.4, 2.3 Hz,
1H), 6.91 {s, 1H), 6.76-6.79 {m,
2H), 4.89 (br s, 1H), 3.80{dd, J =
18.3, 11.7 Hz, 2H)}, 3.28-3.40
{m, 2H), 2.95-3.14 {m, 2H}, 2.79
(dd, J=12.0, 2.0 Hz, 1H), 1.28
{d, 1 = 6.6 Hz, 3H), 1.09 (s, 6H)

Pheny! 3

o)
5
o
-

1H NMR {DMS0-d6, 500 MHz):

S{ppm) 11.17 (s, 1H}, 8.93 {br

s, 2H), 8.11(d, § = 5.4 Hz, 1H),

7.53 (s, 1H), 7.25 (s, 1H), 7.21

{s, 1H), 6.79 {d, I = 5.4 Hz, 1),

3.47-3.56 {m, 4H}, 3.17-3.22
{m, 4H}, 1.09 (s, 6H)

49
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Phenyl 3

[S%]
w
~4
[

1H NMR {DMS0-d6, 500 MHz):
& (ppm) 11.12 (s, 1H), 9.08-9.58
{m, 2H), 2.08 (d, } = 5.4 Hz, 11},
7.351t, §=7.9 Hz, 14}, 7.08 {dd,
§=84, 2.3 Hz, 1H), 6.91 (s, 1H),
6.75-6.80 {m, 2H}, 4.93 (brs,
1H), 3.73-3.87 {m, 2H), 3.28-
3.37{m, 2H}, 2.95-3.17 {m, 2H),
2.80 {dd, § = 13.0, 10.8 Hz, 1H),
1.28{d, 1 = 6.6 Hz, 3H), 1.09 (s,
6H)

55

Phenyl 3

359;
360,9

1H NMR {DMS0-d6, 500 MHz):
S{ppm) 11.06 (s, 1H}, 8.93 {br
s, 2H}, 8.15(d, § = 5.6 Hz, 1H),

7.46{d, 1= 1.5Hz, 1H}, 7.29 (¢,

= 1.3 Hz, 1H), 7.13-7.17 {m, 1H},
7.034d, § = 5.6 Hz, 1H)}, 6.52 (5,
1H}, 3.40-3.55 im, 4H), 3.22 (br

s, 4t} 1.14 (s, 3H)

Pheny! 3

1H NMR {DMSO- d6
& {ppm) 11.08 (s,

500 Mtz}:
1H},
s, 2H), 8.18(d, § = 5.4

g {br
1H},
7.37
Hz, 1H},

9.0
J= Hz,

7.74{s, 1H}, 7.59 {5, 1H},
{s, 1 -:)-, 7.08

50
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1H NMR {DMSO-d6, 600 MHz):
& {ppm) 11.3% (s, 1H}, 9.06{br
s, 2H), 8.22(d, § = 5.4 Hz, 1H),
7.104{d,  =5.4 Hz, 1H), 7.04-
7.05 {m, 1H}, 6.98 (dt, § = 12.3,
2.1 Hz, 1H}, 6.88{dt, =54, 16
Hz, 1H}, 4.05 {brs, 1H), 3.43
3.54 {m, 4H}, 3.19-3.26 {m, 4H),
3.10{s, 3H}, 1.19 (s, 3H)

%)
i
~4
[

57 Phenyl 3

1H NMR {DMSO-d6, 500 MHz):
&{pom} 11.06 {brd,J=4.4Hz,
1H), 8.94-8.67 {m, 2H), 8.15
(dd, §=5.4, 2.4 Hz, 1H}, 7.24-
7.3% {m, 1H}, 7.02-7.09 {m, 2H},
6.90(brdt, 1=12.2, 2.2 Hz, 1H},
5.59{brs, 1H}, 5.32 {brs, 1H},
4,15-4.34 {m, 1H}, 3.57-3.67
{r, 1H}, 3.14-3.34 {m, 4H},
2.99-3.10 {m, 1H), 1.16{d, I =
6.8 Hz, 3H}, 1.4 {d, J = 1.7 Hz,
3H)

<3

58 Phenyl 3 35

1H NMR {DMSO-d6, 500 MHz):
& {ppm) 11.05(d, ] = 4.6 Hz,
1H), £.66-9.50 {m, 2H), 8.15
(dd, §=5.5, 2.3 Hz, 1H}, 7.26-
7.39 {m, 1H), 7.03-7.10 {m, 1H),
7.03 {dd, J=5.4, 1.2 Hz, 1H},
6.90 (dt, § = 12.5, 2.2 Hz, 1H),
6.521{d, § = 9.8 Hz, 1H)}, 4.18-
4.40 {m, 1H)}, 3.48-3.70 {m, 1H},
3.02-3.30{m, 6H), 1.14 {br d, J
= 1.7 Hz, 6H}

~J

Pheny! 3 35
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Phenyl 3

343

1H NMR {DMSO-d6, 500 MHz):
& {ppm) 11.05 (s, 1H}, 9.06{br
s, 2H), 8.12(d, § = 5.4 Hz, 1H),
7.28{dd, }=6.4, 2.9 Hz, 1H},
7.20-7.26{m, 1H}, 7.08-7.14
{m, 1H), 6.91(dd, }=5.4, 1.5
Hz, 1H}, 4.82 {brs, 1H}, 4.71 {br
s, 1H}, 3.27-3.40 {m, 4H), 3.19-
3.25 (m, 4H}, 1.10 (s, 3H}

61

N

Phenyl 3

1H NMR (DMQO—dS, 500 MHz):
S{ppm) 11.11 (s, 1H}, 9.13 {br
s, 2H), SOo(d §=5.4Hz 1H),
.90 {s, 1H}, 6.75{d, I = 5.4 Hz,
1H), 6.69 (s, 1H) 6.61 (s, 11},
4.81 {brs, 1H}, 3.36-3.46 {m,

4K}, 3.18 {brs, 4H}, 2.32 {5, 3H},
1.10 (s, 6H)

62

Phenyl 3
{using
compound
ii” obtained
from OHMe
isomer 2}

343

1H NMR {DMSO-d6, 600 MHz):
S {ppm} 11.01 {brs, 1H}, 8.12
{d, } = 5.6 Hz, 31H}, 7.22-7.26 {m,
1H), 7.01{d, } = 5.4 Hz, 1H},
6.96-6.99 {m, 1H}, 6.80 (dt, | =
12.8, 2.2 Hz, 1H), 6.47 (s, 1H),
3.09-3.16{m, 4H), 2.81 (¢, I =
5.1 Hz, 4H), 2.25 (br s, 1H), 1.15
{s, 3H}
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Pheny! 3
{using
compound
IV obtained
from OHMe
isomer 1}

343

1H NMR {DMSO-d6, 600 MHz):
6 {ppm} 11.00{brs, 1H}, 8.12
{d, §=5.4Hz, 1H), 7.25{r, i =
1.6 Hz, 1H}, 7.01{d, 1= 5.6 Hz,
iH}, 6.98 {brdt, 1= 9.4, 1.6 Hz,
1H}, 6.80{dt, § = 12.8, 1.9 Hz,
1H), 6.47 {5, 1H), 2.09-3.16 {m,
4H), 2.81{t, § = 5.0 Hz, 4H), 2.32
{brs, 1H}, 1.15 (s, 3H)

64

Phenyl 3

1H NMR {500 MHz, DMISO-d8)
58.60(s, 11}, 6.87 (d, §= 13.0
Mz, 1H), 6.71 (s, 1H}, 6.55{d, I =
8.0 Hz, 1H), 2.18 - 2.05 {m, 4H),
2.80{t, } = 4.9 Hz, 41}, 2.54 (s,
1H}, 1.17 — 0.94 {m, 8H).

65

Pyridine

358,0;
360,0

1H NMR {DMSO-d6, 500 MHz):

& {ppm) 11.14 (s, 1H}, 9.17 {br
s, 2H}, 8.13{d, § = 5.4 Hz, 1H),

7.15{d, § = 1.5 Hz, 1H}, 6.91 {d,
i=54Hz 1H}, 6.83(d, i=1.2
Hz, 1H), 4.04 (brs, 1H), 3.73
3.86 {m, 4H}, 3.16(brs, 4H},

1.20 (s, 6H)
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Pyridine

1H NMR {DMSO-d6, 500 MHz}:
Sippm} 11.16{s, 1H}, 3.15{br
s, 2H), 8.15(d, 1 = 5.4 Hz, 1H),
7.32 (s, 1H), 7.04 {s, 1H}, 6.95

(d, §= 5.4 Hz, 1H}, 4.83 {brs,
1H}, 3.80-3.94 {m, 4H), 3.19 {br
s, 4H), 1.19 (s, 6H)

1H NMR {DMSO-d6, 500 MHz):

67

Phenyl 3
{using

phenyl 8 as
compound

)

specific 4
4141 {d, §=5.4Hz 1H), 6.75{d, I =

Si{ppm) 11.12 (s, 1H}, 9.26-
10.03 {m, 2H}, 8.94 {5, 1H}, 8.77
(d, }=5.6 Hz, 1H), 8.48 (br g, § =
7.8 Hz, 1H), 8.09{d, § = 5.4 Hz,
1H}, 7.92-7.87 {m, 1H), 7.34 (¢, §
=7.9Hz, 1H), 7.11 (dd, } = 8.4,
2.1 Hz, 1H), 6.90 (s, 1H), 6.77

7.3 Hz, 1H}, 5.05 {brs, 1H),
4.55-4.50 {m, 11}, 3.66 (br d, §
= 13.2 Hz, 1H), 3.56 {br dd, I =
13.7, 9.8 Hz, 1H), 3.40-3.48 {m,
1H), 2.33 {brd, § = 12.5 Hz, 11},
2.88-3.19 {m, 4H}, 1.07 {s, 3H},
1.06 {s, 3H)

68

Pyridine

1H NMR {DMS0-d6, 500 MHz):

S{ppm} 12.55 {brs, 1H}, 10.83

(s, 1H), 9.22 {br s, 2H}, 7.97 (d, §

= 5.4 Hz, 1H), 7.38-7.43 {m, 2H},

7.28 {s, 1H), 4.53 {br s, 2H),

3.90-3.94 {m, 4H}, 3.22 {brs,
4H)
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Phenyl 3

~
oy
[

1H NMR {DMSO-d6, 600 MHz):
S{ppm)} 11.31 (s, 1H}, 9.00{br
s, 2H), 8.34 (s, 1H), 6.95 {dt, I =
12.5, 2.2 Hz, 1H), 6.73 {dd, § =
2.1, 3.2 Hz, 1H}, 6.56-6.53 {m,
1H), 3.41-3.50 {m, 4H), 3.36 (br
s, 1H), 3.20{br s, 4H}, 1.07 {s,
3H), 1.04 {s, 3H)

~J
=}

Pyridine
{using
Specific
Pyridine 2
as
compound

!

40

6.9

1H NMR {500 MHz, DMSO-d6):
5 ppm 11.20 {s, 1 H), 8.78 - 9.63
{m, 2 H), 8.20(d, }=5.38 Hz, 1
H), 7.91 (s, 1 H), 7.86 {s, 1 H},
7.07{d, #=5.38 Hz, 1 H}, 4.70 -
5.91 {m, 1H}, 3.65 - 3.77{m, 3
H), 3.47 - 3.58 (m, 1H}, 3.16 -
3.40 {m, 2 H}, 2.30 - 2.44 {m, 2
H}, 1.25 (s, 3H), 1.18 (5, 3 H)

Pyridine

[HEY

1H NMR {DMSO-d6, 500 MHz):
S5 {ppm) 1112 (s, 1H), 9.15-9.43
{m, 2H}, 8.21(d, } = 5.6 Hz, 1H),
8.161{d, § = 4.2 Hz, 1H}, 7.42
(dd, § = 10.1, 5.5 Hz, 1H), 7.39
{d, 1=2.2 Hz, 1H), 6.56 {brs,
1H), 4.56 {brt, } = 12.7 Hz, 2H),
3.66 {brs, 1H), 3.27-3.4C {m,
2H}, 2.99-3.25 {m, 3H}, 1.61-
1.78 (m, 2H), 1.28 (d, = 6.4 Hz,
3H), 1.03 {tt, § = 7.8 Hz, 3H)
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Pyridine

1H NMR {DMSO-d6, 500 MHz):
8 {ppm} 11.09 (s, 1H}, 8.20(d, }
= 5.6 Hz, 1H), 8.01 {d, | = 7.3 Hz,
1H), 7.39 {dd, = 5.6, 2.0 Hz,
1H}, 7.18 (s, 1H), 655 (brd, I =
5.1 Hz, 1H}, 4.19-4.37 {m, 2H)
3.31 (brs, 1H}, 2.94-3.04 {m,
1H}, 2.60-2.92 {m, 2H}, 2.51-
2.58 {m, 2H}, 1.32-1.49 {m, 2H},
1.28{d, § = 3.7 Hz, 3H), 0.94 {11,
$=7.6Hz, 3H}

Pyridine

374 ;
375,89

1H NMR {DMSO-d6, 500 MHz):
8 {ppm) 11.16 (s, 1H), 8.95-9.41
{m, 2H), 8.18 (d, J = 5.6 Hz, 1H},
7.89{dd, §= 2.6, 1.3 Hz, 1H),
7.37{d, 1= 5.6 Hz, 1), 7.20 {d,
3= 1.5Hz 1H), 6.40 (brs, 1H),
4.35-4.58 {m, 2H), 3.66 (br s,
1H), 3.20-3.40 {m, 2H), 2.97-
3,13 {m, 2H}, 1.27-1.31 {m, &H)

Pyridine

1H NMR {DMSO-d6, 500 MHz):
S {ppm} 11.10(s, 1H), 9.00-9.65
{m, 2H)}, 8.19 (d, § = 5.4 Hz, 1H},
7.89{dd, 1= 2.2, 1.5 Hz, 1H},
7.37{d, } = 5.6 Hz, 1H}, 7.20 {d,
3= 1.2 Hz, 1H), 5.04 (brs, 2H),
4.36-4.52 {m, 2H}, 2.93-3.42
{m, SH}, 1.28-1.32 {m, 6H)

56
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1H NMR {DMSO-d6, 500 MHz):
& {ppm) 11.07 {s, 1H}, 9.41 {br
s, 1H}, 9.20 {brs, 1H), 8.15 (d, J
= 5.4 Hz, 1H), 7.44 (g, § = 2.0 Hz,
1HY, 7.28 (4, 1= 1.5 Hz, 1H}, 7.17
{dt, 1 =4.0, 2.0 Hz, 1H}, 7.03
dd, 1= 5.6, 1.2 Hz, 1H}, 6.35 {br
s, 1H}, 4.65 {br s, 1H}, 3.80-3.99
{r, 2H}, 3.29-3.38 {m, 2H},
3.05-3.13 {m, 2H}, 2.89 {ddd, 1 =
13.3, 10.7, 2.7 Hz, 1H}, 1.28
{dd, J = 6.6, 3.7 Hz, 3H), 1.14 (s,
3H)

75 Phenyl 3

1H NMR {DMSO-d6, 500 MHz):
& {ppm) 11.06 (s, 1H}, 9.27 {br
s, 2H}, 9.03 {brs, 1H), 8.15{d,
= 5.4 Hz, 1H), 7.44 (s, 1H), 7.28
{s, 1H}, 7.17{dt, 1 = 3.7, 1.9 Hz,
1H), 7.03 {dd, § = 5.5, 1.1 Hz,
1H), 4.08 {br s, 1H), 3.81-3.97
{m, 2H}, 3.30-3.42 {m, 2H},
3.06-3.15 {m, 2H}, 2.87 {ddd, i =
13.3,10.9, 2.2 Hz, 1H}, 1.28
{dd, § = 6.5, 3.5 Hz, 3H}, 1.14 (s,
3H)

w
~
[43)

~J
[5>]

Phenyl 3

[#5]
-~}
[4,]

1H NMR {DMSO-d6, 600 MHz):
& {ppm) 11.08 (s, 1H}, 9.23 {br
s, 1H}, 8.97 {brs, 1H), 8.18(d,
=54Hz 1H), 7.73 {4, 1= 3.2 Hz,
1H), 7.58 (s, 1H), 7.39 {brdt, J =
6.0, 1.9 Hz, 1H), 7.08 (dd, I =
5.4, 1.2 Hz, 1H), 6.57 (s, 1H),
3.87-4.04 {m, 2H}, 3.33-3.41
{rm, 3H}, 3.08-3.17 {m, 2H},
2.85-2.93 {m, 1H), 1.29(dd, § =
6.5, 5.1 Hz, 3H}, 1.11 {s, 3H)

~J
~J

Pheny! 3

4y
(=]
~J
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Phenyl 3

407

1H NMR {DMSO-d6, 500 MHz):
S {ppm)} 11.08 (s, 1H}, 9.35{br
s, 1HY, 9.11 {brs, 1H), 8.18{d, J
= 5.4 Hz, 1H), 7.73 {brs, 1H),
7.58(s, 1H), 7.39 (br d, § = 4.9
Hz, 1H}, 7.08(d, 1 = 5.4 Hz, 1H},
6.52 (brs, 1H), 4.25 {brs, 1H),
3.87- 404( 2H), 3.31-3.44
(m, "’H,-," -3.18 {m, 2H),
2.88-2.95{m, 1H}, 1.30(dd, § =
6.4,4.4 HZ, 3H}, 1. 11' {s, 3H}

ir

m,
3.0

Phenyl 3

375;

[#5]
-~}
4

1H NMR {DMS0-d6, 600 MHz):
&{ppm) 11.3C {s, 1H}, 3.04 {br
s, 2H), 8.24 {s, 1H}, 6.95{dt, i =
12.5, 2.2 Hz, 1H), 6.75-6.76 {m,
1H), 6.59-6.62 {m, 1H), 4.05 (br
s, 1H}, 3.40-3.57 {m, 4H}, 3.15-
3.25 {m, 4H}, 1.08 {5, 3H), 1.04
{s, 3H}

8G

Pyridine

1H NMR {DMS0-d6, 500 MHz):
S{ppm) 11.12 (s, 1H}, 9.12{br
s, 2H), 8.21(d, § = 5.4 Hz, 1H),
8.18 (s, 1H), 7.43 {d, J= 5.4 Hz,
1H}, 7.23 (s, 1H), 6.57 {br 5, 1H},
3.85-4.01 {m, 4H}, 3.18-3.27
{m, 4H}, 1.28 (s, 4H)
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1H NMR {600 MHz, DMSO-d6)
6 ppm 11.08 {5, 1 H}, 8.81-9.68
{m, 2 H), £.18 {d, J=5.58 Hz, 1
Dr;z:f H), 7.73{d, J=1.00 Hz, 1 H), 7.58
compound {d, 1=1.00 Hz, 1 H), 7.30 - 7.44
81 oo L 4069 | (m, 1H),7.08(d, =543 Hz, 1
BN H), 5.75- 6.94 {m, 1H), 3.94
omer 1) {m, 1=10.90 Hz, 2 H), 3.30 - 3.45
' {m, 2 H}, 3.05-3.21 {m, 2 H),
2.83-2.97 {m, 1 H), 1.31
(d, 1=6.60 Hz, 3 H), 1.11 {s, 3 H)
1H NMR {DMSO-G6, 500 MHz):
& {ppm) 11.08 (s, 1H), .94-9.57
, {m, 2H}, 8.18{d, { = 5.6 Hz, 1H),
p?;‘:;:; 7.73(s, 11}, 7.58 (s, 1H), 7.39
compound {s, 1H}, 7.08 {d, § = 5.6 Hz, 1H),
82 oot | 4068 4.09-4.45 {m, 1H), 4.02 (br
N d, § =13.0 Hz, 2H), 3.85-3.96
oo {m, 1H), 3.29-3.47 (m, 2H),
! 3.06-3.20 {m, 2H), 2.88-2.94
{m, 1H), 1.30{d, = 6.6 Hz, 3H),
1.11 (s, 3H)
1H NMR {DMSO-d6, 600 MHz):
& {ppm) 11.16 (s, 1H}, 8.98-9.54
{m, 2H), 815 (d, § = 5.4 Hz, 1H),
7.34(s, 1H), 7.04 {s, 1H), 6.95
83 Pyridine 4215 | {d, §=53 Hz, 1H), 442-4.54 {m,
3H), 3.59-3.74 {m, 2H), 3.23-
2.37 {m, 3H), 3.18{dd, § = 13.9,
10.5 Hz, 1H), 2.98-3.13 {m, 1H),
1.18{d, } = 18.1 Hz, 6H)
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84

Pyridine

1H NMR {500 MHz, DMSC-ds,

300K} 6 ppm 11.16 (s, 1 H},
8,68 {brs, 2 H}, 8.15{d, 1=5.4
Hz, 1H), 7.341(s, 1H}, 7.04 (s, 1
418.3 H}, 6.85(d, J=5.4 Hz, 1 H}, 3.92-
3.98{m, 2 H}, 3.81(s, 2 H}, 3.28
{brs, 2H}, 1.17 (s, 6 H), 1.04-
114 (m, 2 H), 0.84- 0.4 {m, 2
H)

HN

Pyridine

1H NMR {DMS0-d6, 500 MHz):
S{ppm) 11.15 (s, 1H}, 9.45 {br
s, 1HL 8.83{brs, 1H), 8.15

s04 | (8 1=5.4Hz 1K), 7.02(s, 2H),
Ys 6.99(d, 1= 5.6 Hz, 1H), 4.41-
5.05 {m, 2H}, 3.68 (brs, 2H),
3.15-3.34 {m, 2H), 1.93-2.22
(m, 24}, 1

.16-1.37 {m, 6H)

86

Pyridine

1H NMR {500 MHz, DMSO-d6)
& ppm 11.13 (s, 1 H), 8.71- 9.26
{m, 2H), .14 (d, }=5.38 Hz, 1
H), 7.25- 7.74 {m, 1 H), 6.91
(d, }=5.38 Hz, 1 H), 6.76
{d, }=1.96 Hz, 1 H}, 6.65
{d, J=1.71 Hz, 1 H}, 3.68- 3.92
{m, 4H},3.10-3.24{m, 4 H)
1.21 (s, 6 H}

80



85

WO 2022/234298

PCT/GB2022/051166

1H NMR {500 MHz, DMSG-d6)
Shift 11.14 {s, 1H), 9.19 {br s,

2H), 8.14 (d, §=5.38 Hz, 1H),
e - 7.16-7.1% {m, 1H), 7.12-7.16
87 Pyridine 374 (m, 1H), 6.89-7.15 {m, 3H),
3.80-3.87 {m, 4H), 3.18 (br d,
1=8.80 Hz, 4H}, 1.18-1.24 {m,
6H)
Pyridine 1H NMR {DMSO-d6, 500 MHz):
{using & {ppm) 11.13 (s, 1H}, 8.48-9.15
compound | {m, 2H}, 8.14(d, } = 5.4 Hz, 1H},
88 synthetized 388 7.10{s, 1H}, 6.94 {d, } = 5.4 Hz,
by Specific 1H), 6.91 (s, 1H), 3.72-3.88 {m,
pyridine 1 4H), 3.16 {br t, § = 4.4 Hz, 4H},
route)}

1.92-2.07 {m, 3H), 1.18 {5, 6H}

1H NMR {600 MHz, DMSC-d6):
S ppm 11.09 (s, 1 H}, 8.98-9.52

byridine {m, 2 H), 8.19 (d, }=5.58 Hz, 1
("ush;' H), 7.89 {d, J=1.32 Hz, 1 H), 7.36
mmmfﬂd — {d, }=5.58 Hz, 1 H), 7.20
¥ obtained '375 {d, }=1.32 Hz, 1 H), 5.16- 6.97
from OHMe 7 {m, 1H), 4.40-4.51 (m, 2 H},
somer 1;“ 3.34-3.41{m, 1H}, 3.28-3.33

(m, 1H},3.19-3.27{m, 1 H},
2.97-314{m,2H},1.22-1.36
{m, 6 H}
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1H NMR {DMSO-d6, 500 MHz}:
& {ppm) 1112 {s, 1H), 8.91-9.57
Pyridine {m, 2H}, 8.22(d, } = 5.6 Hz, 1H},
{using 8.17 (s, 1H}, 7.41{d, 1= 5.6 Hz,
~ compound 1H}, 7.39 {s, 1H}, 5.80-6.90 {m,
90 W obtained | T2-° 1H}, 4.52-4.60 {m, 2H}, 2.31-
from OHMe 3.42 {m, 2H}, 3.15-3.25 {m, 1H},
isomer 1} 3.01-3.14 {m, 2H}, 1.60-1.8C
{m, 2H), 1.28 (s, 2H), 1.04{t, i =
7.6 Hz, 3H)
1H NMR {DMSO-d6, 500 MHz):
. S{ppm} 11.10(s, 1H}, 8.76-
P(\/Jlfn?; 10.01(m, 2H), 820 {dd, 1= 5.4,
compound | 3919: 1.2 Hz, 1H), 7.91{dd, § = 17.0,
91 W ohtained 39 3_/.' 1.3 Hz, jH;i, 7.38{dd, } = 18.7,
from OHM ‘ 5.5 Hz, 1H), 7.09 (s, 1H), 5.98-
: ; 6.81 {m, 1H)}, 5.23-5.39 {m, 1H),
isomer 1} AL A
! 4.26-4.48 {m, 1H}, 3.81-4.15
{m, 3H), 3.19-3.64 {m, 4H}, 1.31
(d, § = 9.0 Hz, 3H}
1H NMR {DMSO-d6, 500 MHz
{2 diasterecsomers 45/55 at
300K}): 8 {(ppm} 11.10 (s, 1H),
pyriding 8.43-10.22 (m, 2H), 8.20{dd, § =
(using 5.6,3.7 Hz, 1H), 7.93(d, 1= 1.2
compound 406,2; Hz, 0'4?H)’ 7;85.3,(d’ 1=12Hz,
92 o 0.55H), 7.43 {d, 1= 5.6 Hz,
Ii" obtained 408,2 . )
from OHMe 0.45H]}, 7.35 (d,’j = 5.6‘ Hz,
omer 11 0.55H), 7.06-7.13 {m, 1H), 5.43-
! 6.91 {m, 1H), 4.47-4.65 {m, 1H),
4.27-4.36{rm, 21}, 3.21-3.74
{m, GHJ, 1.44-1.57 {m, 3H}, 1.33
(s, 1.35H), 1.30 (s, 1.65H)

82




WO 2022/234298

PCT/GB2022/051166

1H NMR {500 MHz, DMSO-ds,
300K) S ppm 12,13 {5, 1 H},

Pyridine 5.45 (br d, J=‘10.5 Hz, 1H}, '8.88
(using -9.15{m, 1H), 8.19-8.23 (m, 2
compound H), 7.41 (6, §=5.6 Hz, 1 H}, 7.26
93 W obtained | 4083 {s, 1H}, 5.95-7.02 (m, 1H},
from OHMe 4.82-5.07{m, 1H}, 432 - 4,58
isomer 1) (m, 1H}, 3.26-3.40{m, 3 Hj},
3.17{s, 1H), 3.14- 3.25 {m, 1
Hi, 2.96- 210 {m, 1H}, 1.33 {d
=68 Hz, 3H}, 1.28 (5, 3 H)
o]
1H NMR {DMSO-d6, 500 MHz):
S{ppm) 11.12 (s, 1H}, 9.25{br
Pyridine s, 2H}, 8.21(d, § = 5.4 Hz, 1H),
{using 817 {s, 1H}, 7.43{d, 1= 5.6 Hz,
04 tonﬁupo{und 4079 1H}, 7.25 (s, 1H)}, 6.01 {br s, 1H},
i" obtained 4.95{brs, 1H}, 4.50{brd, I =
from OHMe 14.8 Hz, 1H}, 4.10 {brs, 1H},
isomer 1) 3.30-3.36 {m, 2H}, 3.27-3.30
{m, 1H), 3.21 {brs, 1H}, 3.01 (br
RH s, 1H}, 1.26-1.31 {m, 6H)
1H NMR {DMSO-d6, 500 MHz):
e §ippm) 1112 (5, 1H), 9.02-8.55
P(V;’fn;e (m, 2H), 8.21 (¢, 1 = 5.6 Hz, 1H),
compound 8.15{s, 1H}, 7.%13 {d, i=5.6Hz,
35 ¢ oprained | 4082 | 1H) 7.37 (s, 1H), 6.45 (brs, 1H),
from OHMe 4,73 {brs, 1H}, 4.51-4.61 {m,
) o 2H), 3.25-3.43 {m, 3H}, 3.08
isomer 1}

(dd, § = 13.8, 10.9 Hz, 2H), 1.32
{d, 1= 6.6 Hz, 3H), 1.28 {s, 3H)
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1H NMR {DMSO-d6, 500 MHz):
S{ppm) 11.13{(d, 1 =4.2 Hz,
pyridine 1H}, 9.41-10.19 (m, 2}, 8.22
(using (dd, }=5.4,3.9 Hz, 1H}, 8.21
compound {d, §=33.3 Hz, 1H}, 7.39-7.53
g5 ¥ ohtained 405.8 {m, 1H}, 7.17 (4, 1 = 3.7 Hz, 1H},
from OHMe 6.53 (brs, 1H), 4.35-4.53 (m,
somer 1) 1H}, 3.69-4.24 {m, 1H}, 2.07-
' 3.37 {m, 5H}, 1.32-1.39 {m, 1H},
1.30{d, 1 =9.3 Hz, 3H}, 1.09-
1.15 {m, 1H)
1H NMR {500 MHz, DMSO-d6)
Pyridine Shift 11.12 {s, 1H}, 8.71-9.86
{using {m, 2H), 8.22 {d, J=5.51 Hz, 1H},
compound £.18 {d, I=4.36 Hz, 1H}, 7.50 (¢,
] Il obtained §=5.75 Hz, 1H}, 7.26(s, 1H},
from OHMe 6.62 {d, }=7.34 Hz, 1H}, 4.51 {br
97 isomer 1 450 d, }=11.25 Hz, 1H}, 3.65-4.13
and specific {m, 5H}, 3.44-3.55 {m, 1H},
pyridine 3 3.33-3.40(m, 1H}, 3.18-3.28
as {m, 1H}, 3.08 {br dd, J=2.69,
compound 12.96 Hz, 1H), 1.94 {dt, §=3.55,
) 14.24 Hz, 1H), 1.78-1.88 {m,
1H}, 1.28{d, }=1.96 Hz, 3H}
1H NMR {500 MHz, DMS50-d6):
5 ppm 11,18 {5, 1 H}, 8.85-9.93
{m, 2 H), 8.22 {d, 1=5.38 Hz, 1
o8 Pyrimidine 383 H}, 7.61{d, 1=5.62 Hz, 1 H}, 7.47
{s, 1 H}, 3.95- 4.16 (m, 4 H),
3.16-2.30{m, 4 H), 1.45(s, 6
H}

84
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1H NMR {DMSO-d6, 600 MHz):
S{ppm} 12.143 {5, 1H}, 10.17 {br
s, 1H), 8.14(d, 1 =5.3 Hz, 1H},
7.25{brs, 1H}, 6.98 {brs, 1H),
6.95{d, } =5.4 Hz, 1H}, 3.33-
4.08 {m, 4H), 2.53-3.10 {m, 4H),
2.26 {brs, 3H}, 1.19 (s, 6H)

] Pyridine 4086

1H NMR {DMSO-d6, 600 MHz):
5 {ppm} 11.14 (s, 1H), 8.78-9.30
(m, 2H), 8.14 (d, § = 5.3 Hz, 1H),
7.77 {brd, 1= 5.6 Hz, 1H), 6.96
{d, 1= 5.4 Hz, 1H}, 6.9 {5, 2H},
4.45-4,58 {m, 1H), 3.28-3.47
{m, 2H}, 2.99-3.28 {m, 2H},
1.83-2.28 {m, 2H), 1.11-1.30
{m, 6H}

Pyridine
{using

specific
pyridine 4 3591,
as
compound

!

160

[is]

1H NMR {500 MHz, DMSG-d6)
Shift 11.16 (s, 1H}, 8.64-9.51
{m, 2H), 8.15 {d, J=5.38 Hz, 1H),
7.25{s, 14}, 7.03 {s, 1H}, 6.94
{d, 1=5.38 Hz, 1H), 4.86-4.92 {m,

1H), 4.35-4.42 {m, 1H), 3.33-
3.38{m, 1H}, 3.24-3.25 {m, 2H),

3.14-3.23 (m, 1H), 2.96-3.06
{m, 1H}, 1.23-1.30 {m, 3H}, 1.18
(d, 1=5.14 Hz, 6H)

101 Pyridine 40

8¢
w
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Pyridine

405.8

1H NMR {DMSO-d8, 600 MHz):

& {ppm) 11.16 (s, 1H), 8.86-2.54

{m, 2H), 8.15 (d, J = 5.4 Hz, 1H},
7.25{s, 1H), 7.02 {s, 1H), 6.94

(d, = 5.4 Hz, 1H), 4.71-5.04 {m,
1H), 4.27-4.46 {m, 1H)}, 3.22-

3.34{m, 3H}, 3.12-3.21 {m, 1H),
2.81-3.04 {m, 1H}, 1.28{d, i =
6.9 Hz, 3H), 1.18{d, J = 7.6 Hz,

6H}

103

Pyridine

418.1

1H NMR {DMSO-d6, 500 MHz):
& {ppm) 11.03 (s, 1H}, 9.22 {br
s, 2H}, 8.13{d, § = 5.4 Hz, 1H},
7.32{s, 1H), 7.08 {s, 1H), 6.92

{d, §= 5.4 Hz, 1H}, 4.43-4.48 {m,
1H}, 3.83-3.89 {m, 4H}, 3.13-

3.22 {m, 4H), 1.83-2.07 {m, 4H),
1.65-1.82 {m, 2H}, 1.22-1.32

{m, 2H}

164

Pyridine
{using
compound
ii” obtained
from OHMe
isomer 1}

1H NMR {600 MHz, DMSO-d6):
SopmiLills, 1H) 852-9.76
{m, 2 H), 8.19 (d, J=5.58 Hz, 1
H), 7.93 (d, J=1.32 Hz, 1 H), 7.36
(d, $25.43 Hz, 1 H), 7.09
{d, 1=1.32 Hz, 1 H), 6.40 - 6.69
{m, 1H}, 4.71- 4.96 {m, 1 H},
4.30-4.39 (m, 1H), 3.29- 3.35
{m, 1H},3.21-3.29{m, 2 H},
3.41-3.18 (m, 1 H}, 2.82- 3.05
{m, 1H}, 1.30- 1.33{m, 3 H},
1.28-1.30{m, 3 H)
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Pyridine
{using
compound
IV obtained
from OHMe
isomer 1}

373,8;
375,8

1H NMR {600 MHz, DMSC-d6)
Shift 11.09 s, 1H), 9.41 (br d,
326,83 Hz, 1H), 8.96 {br d,
$=9.83 Hz, 1H), 8.18{d, §=5.57
Hz, 1H}, 7.90 {d, 1=1.32 Hz, 1H},
7.37 {d, 1=5.43 Hz, 1H}, 7.10 {d,
=132 Hz, 1H), 5.95-6.90 {m,
1H), 4.72-4.90 {m, 1H), 4.41 (br
d, }=13.35 Hz, 1H}, 3.16-3.33
{m, 5H}, 2.94-3.02 {m, 1H}, 1.29
(s, 3H), 1.26 (d, 1=7.04 Hz, 3H)

106

Phenyl 3

372,9;
374,8

1H NMR {DMSO-d6, 500 MHz):

S{ppm)} 11.04 (s, 1H), 8.80-9.48
{m, 2H}, 8.12(d, § = 5.4 Hz, 1H},
14{d, } =8.6 Hz, 1H), 7.03~

i{m, 2H}, 6.81(d, § = 5.4 Hz,

H}, 6.24 {brs, 1H), 3.81 (br

i, §=12.5Hz, 1H}, 3.70 (br

~J
~J
N

= s T

9
o

d,i 12.0Hz, 1H}, 3.25-3.41
(m,.ZH 2.96-3.14 {m, 2H}, 2.80
13.0, 10.8 Hz, 1H}, 1.26
= 6.4 Hz, 3H}, 1.08{brs,

3H}

167

\\\\"\\\
.

Pheny! 3

1H NMR {600 MHz, DMSC-d6):
Sppm 11.04 (s, 1 H), 8.72-9.58
{m, 2 H), 8.12 (d, 1=5.43 Hz, 1
H), 7.35-7.47 {m, 1H), 7.08 -
7.13 (m, 1H), 7.08(s, 1 H}, 6.72
—683(m 1H),5.31-6.35(m, 1
H), 3.76 {m, 1=14.10 Hz, 2 H},
3.26- %4'1(:11 2H},2.87-3.13
{m, 2 H}, 2.82 {m, }=12.80,
10.80 Hz, 1 H), 1.26 {d, }=6.46
Hz, 3H}, 1.07 {brs, 3 H}

87
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1H NMR {DMSO-d6, 600 MHz):
S{ppm} 11.11 (s, 1H), 9.09-9.51

from OHMe
isomer 1}

P{:;?;? (m, 2H), 821 (6, § = 5.4Hz, 1H),
compound 8.15 (s, 1H), 7.43 {d, } = 5.4 Hz,
108 ¥ ohtained 407.8 1H}, 7.37 (s, 1H), 6j47 {brs, 1H},
from OHMe 4.41-4.66 {m, 2H), 3.81 (br s,
somer 1) 1H}, 3.24-3.44 {m, 3H, 2.05
' 3.15{m, 2H}, 1.31(d, § = 6.6 Hz,
3Hj, 1.28 {s, 3H}
1H NMR {500 MHz, DMSO-d6):
S ppm 11.13 {s, 1 H}, 8.98 -
Pyridine 10.24{m, 2 H}, 8.21-8.24 {m, 1
{using Hi, 8.201d, $=2.42 Hz, 1 H}, 7.45
108 <I:,orrl1p0.und 426 {dd, }=5.38, 2.69AHz, 1 H): 7:38
IV obtained {s, 1H}, 6.28 - 6.93 {m, 1 H},
from OHMe 4.68-4.90(m, 2H), 4.48- 4.67
isomer 1} {m, 2H},3.64 -3.68{m, 1 H},
3.16-3.48 {m, 4 H}, 1.28 (s, 3
H}
1H NMR {500 MHz, DMSG-de):
S5ppm 1111 {s, 1 H}, 8.96-
Pyridine 10.00 {m, 2 H), 8.19 {d, }=5.38
{using Hz, 1 H}, 7.88{d, }=1.22 Hz, 1
. compound 373,9; H}, 7.37 {d, }=5.38 Hz, 1 Hj}, 7.20
110 P
i obtained 75,8

(d, 1=1.22 Hz, 1 H}, 5.56- 5.77

(m, 1H), 4.40 - 4.47 {m, 2 H},

3.21-3.41 {m, 3H), 2.95- 3.10

{m, 2 H), 1.31 {d, J=6.60 Hz, 3
H}, 1.28 {s, 3 H)

88
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111

Pyridine

1H NMR {500 MHz, DMSC-d6}:
S ppm 11.15(s, 1 H}, 872-9.83
{m, 2H), 8.23 {d, }=5.38 Hz, 1
Hi, 8.09{d, 1=5.62 Hz, 1 H}, 7.42
{dd, }=5.38, 2.69 Hz, 1 H}, 7.36
{s, 1 H}, 5.90- 6.90 (m, 1 H),
4.46-4.64{m, 2 H}, 3.24-3.41
{m, 3H}, 2.99-3.158{m, 2 H},
1.63-1.92{m, 2 H), 1.31
{d, }=6.36 Hz, 31}, 0.29-0.43
{m, 3 H}

112

Pyridine

422

1H NMR {500 MHz, DMSC-d6)
& ppm 11.45 s, 1 H), 8.78-9.71
{m, 2 1), 8.29 {d, I=5.62 Hz, 1
H), 7.63 - 7.66 {m, 1H}, 7.45 -
7.49 {m, 1H}, 7.26 - 7.41{m, 1
H}, 4.36 - 4.72 {m, 2 H)}, 3.38
{m, §=2.50 Hz, 1H), 3.31- 3.36
{m, 1H},3.24-3.31 {m, 1 H),
3.06-3.15 (m, 2 H), 3.03- 2.06
{m, 3H),1.32- 1.39{m, 3 H},
1.26-1.32{m, 3 H)

113

Pyridine

388;
389,95

1H NMR {500 MHz, DMSC-d6):
Sppm11.13 {5, 1 H}, 8.69-9.65
{m, 2 H), 8.20 (d, }=5.62 Hz, 1
H}, 7.81{dd, =5.87, 1.22 Hz, 1
H), 7.30-7.40 (m, 1H), 7.18 -
7.23{m, 1 H), 6.06-6.90(m, 1
H), 4.33-4.56 (m, 2H), 3.30 -
3.40{m, 2 H), 2.18-3.27 {m, 1
H), 2.96-3.10 {m, 2 H), 1.65 -
1.95 {m, 2 H}, 1.29{d, J=6.36
Hz, 3H), 0.38(t, J=7.46 Hz, 3 H)

89
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114

Pyridine

420

1H NMR {500 MHz, DMS50-d6):

Sppm11.12 (s, 1 H}, 8.83-9.44
{m, 2H), 8.16 {d, 1=5.38 Hz, 1
H), 7.36 (s, 1 H), 7.01{s, 1 H},
6.95(d, }=5.38 Hz, 1 H}, 4.29 -
4,52 {m, 2H), 2.36 - 3.41{m, 1

1.47 Hz, 3 H), 1.16
5 Hz, 3 H}, 0.50

115

Pyridine

388,0;
328.9

1H NMR {500 MHz, DMS0-d8):

& ppm 11.40 {s, 1 H), 8.90 - 9.62
{m, 2 H), 8.26 (d, J=5.62 Hz, 1
M), 7.40 - 7.42 {m, 1H), 7.38 -
7.40{m, 1H}, 7.14- 7.25{m, 1
H), 4.38 - 4.57 {m, 2H}, 3.34 -

3.41{m, 1 H), 3.30(m, J=10.10,
7.00, 3.20 Hz, 1 H), 3.20- 3.27
{m, 1H},3.01-3.11{m, 5 H),
1.35{s, 34}, 1.23- 1.31 {m, 3

H)

116

H

=L

wiiiff O

%

Pyridine

&y
[£X]
[¢3]

1H NMR {DMS0-d8, 5060 MHz):

& {ppm) 11.17 {s, 1H), 8.86-9.21

{m, 2H), 8.16 (d, J = 5.4 Hz, 1),
7.37{s, 1}, 7.0 {s, 1H}, 6.95

{d, 1= 5.4 Hz, 1H), 4.80-6.04 {m,

1H}, 4.45 (brt, § = 13.6 Hz, 2H),
4.13-4.18 (m, 1H}, 3.82{t, § =
6.4 Hz, 1H), 3.25-3.37 {m, 2H},
3.04-3.21 {m, 3H}, 1.16-1.22

{m, 9H)
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1H NMR {500 MHz, DMSO-d6):
6 ppm 11.20 (s, 1 H}, 888-9.72
{m, 2 H), £.15 (d, J=5.38 Hz, 1
H), 7.24 (s, 1 H), 7.00 (5, 1 H),
6.95 (d, J=5.38 Hz, 1 H), 4.72 -
117 Pyridine 420 | 4.87(m, 1H),4.22-4.26(m, 1
H), 3.65- 3.72 {m, 1H), 3.42 -
N 3.47 {m, 1 H), 3.34- 3.39 {m, 1
H), 3.06 - 3.13 {m, 1H), 1.25 -
, 1.31(m, 6H), 1.14- 1.21{m, &
\\\\\“‘“‘ H)
H
N
1H NMR {DMSO-G6, 500 MHz):
& {ppm) 11.13 (s, 1H), .01-9.45
- {m, 2H), 8.22 {d, § = 5.6 Hz, 1H),
P(\/Jlfn?; 821 (s, 1H), 7.41 {d, 1 = 5.4 Hz,
compound 1H), 7.24 {5, 1H), 6.07-6.85 {m,
118 oot | 422 | 1), 4.78-4.89 (m, 1H), 4.28 (br
N d, §=13.7 Hz, 1H), 3.69-3.78
o {m, 1H), 3.46-3.52 (m, 2H),
‘ - 3.32-3.34 {m, 1H), 3.11 {brad, }
l\\//NH =13.1, 2.3 Hz, 1H), 1.34(d, I =
= 3.9 Hz, 3H), 1.33{d, § = 3.9 Hz,
¥ 3H), 1.28 {5, 3H)
1H NMR {506 MHz, DMSO-d6,
300K} S ppm 11.12 (s, 1 H},
pyricine 9.41-9.69 (m, 1H), 8.63-8.91
ising (m, 1H), 8.22 (d, J=5.4 Hz, 1H)
compound 2.14(s, 1H), 7.42 (d, =5 6 Hz, 1
119 fooeoh 1422 | H),730(s, 1H),6.28-6.83(m,
e 1H), 5.00 {br d, j=2.0 Hz, 1H),
oo 441 - 460 (m, 1H), 3.18-3.35
somer L {m, 3H}, 3.01{dd, J=14.4, 11.5
Hz, 1 H), 1.35{d, J=6.6 Hz, 3 H),
1.20-1.30 {m, 6 H)
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1H NMR {DMSO-d6, 600 MHz):
S{ppm) 11.16(s, 1H}, 9.03-9.44
(rm, 2H), 8.15 (d, § = 5.4 Hz, 1H),
7.35 (s, 1H), 7.05 {s, 1H), 6.95
(d, §= 5.4 Hz, 1H), 4.42-4.54 {m,
2H}, 3.56-3.64 {m, 3H), 2.42-
3.46 {m, 1H), 3.34 (s, 3H}, 3.26-
3.33{m, 2H}, 3.18 (dd, § = 14.1,
10.7 Hz, 1H), 3.06-3.15 (m, 1H},
1.19 {5, 3H), 1.17 {s, 3H)

120 Pyridine 436

1H NMR {DMSO-d6, 600 MHz):
Slppm) 11.16 (s, 1H]}, 8.98 {br
s, 2H}, 7.94-8.39 {m, 1H)}, 7.29-
7.42 {m, 1H}, 7.05 (s, 1H), 6.95
Pyridine 436 {d, § =5.3 Hz, 1H}, 5.20-6.08 {m,
1H), 4.45 (brt, § = 14.9 Hz, 2H),
3.81{brdd, 1=12.8, 6.5 Hz,
1H}, 3.25-3.36 {m, 2H), 2.95-
3.22 {m, 3H}, 1.05-1.31 {m, 8H)

/!

121

H
N N

1H NMR {DMSO-d6, 600 MHz):
o & {ppm) 11.11 (s, 1H), 9.30-9.96
{m, 2H), 8.12-8.24 (m, 1H}, 7.97
- Pyridine {dd, 1= 13.8, 1.3 Hz, 1H), 7.34
{using {dd, 1= 18.0, 5.4 Hz, 1H}, 7.18

122 NC compound KR {dd, § = 8.8, 1.3 Hz, 1H}, 6.47 {br
) I obtained ; s, 1H), 4.49-4.71 {m, 1H), 4.32
' " . from OHMe {brt, } = 13.8 Hz, 1H), 4.03-4.06
FW\ ‘ isomer 1} {m, 1H), 3.64-3.75 {m, 1H),
i \) 3.28-3.48 (m, 3H), 3.14-3.25
{m, 1H), 2.77-2.84 {m, 2H}, 1.30
(d, 1=7.5 Hz, 3H}

LT

I
E &
[
o o
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123

Pyridine
{using
compound
IV obtained

from OHMe

isomer 1}

1H NMR {500 MHz, DMSC-d6}:
8 ppm 13.13 {5, 1 H}, 8.52 -

10.51 {m, 2 H), 8.14 - 8.36 (m, 2
H), 7.42 - 7.46 (m, 1H), 7.38 -
7.41{m, 1H), 5.95-7.08 (m, 2
H1, 4.76 {m, 1=13.90 Hz, 1 H),

4.50-4.61{m,1H},3.97-4.01
{m, 1H},3.38-3.46{m, 2 H),
3.27-3.37{m, 1H}, 3.18-3.25

(m, 1H}, 1.28 (s, 3 H}

124

NH

Pyridine

450.1

1H NMR {500 MHz, DMSO-ds,
300K) S ppm 12.17 {s, 1 H},
8.57-8.95 {m, 2 H}, 8.16 (g,
J=5.4Hz, 1H), 7.36 (s, 1 H},
7.06 (s, 1 H}, 6.95 (d, }=5.4 Hz, 1
H, 5.03-5.75 {m, 1H), 4.38-
4.71{m, 2H},2.94-3.35{m, 5
H}, 1.09-1.33 {m, 12 H)

125

Pyridine

1H NMR {DMSO-d6, 500 MHz):
S{ppm} 11.11 (s, 1H}, 8.20
(dd, §=5.4, 2.9 Hz, 1H), 8.14
{d, J=12.5 Hz, 1H), 7.40 (dd, J =
6.8,5.6 Hz, 1H), 7.24 {brd, i =
4.6 Hz, 1H}, 6.58{d, i = 13.0 Hz,
1H), 4.42-4.60 {m, 1H), 4.28 (br
t,1=12.2 Hz, 1H}, 2.86-3.29 {m,
6HY, 2.52-2.69 {m, 2H), 1.29
(d, 1= 5.4 Hz, 3H)
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126

H
N

Pyridine

1H NMR {DMS0-d6, 600 MHz):
& {ppm) 11.11 (s, 1H}, 9.55{br
s, 1HL, 9.00{brs, 1H1, .21
{t, 1=5.1Hz, 1H), 8.16(d, I =
17.5Hz, 1H), 7.42 {dd, 1 = 10.2,
5.5 Hz, 1H}, 7.30{d, § = 4.4 Hz,
1H), 6.56 {br 5, 1H), 4.72-4.89
{m, 1H}, 4.46-4.62 {m, 1H),
3.72-3.76 {m, 1H}, 3.44-3.54
{m, 1H}, 2.34 (brt, 1= 11.0 Hz,
1H), 3.17-3.24 {m, 1H), 2.99-
3.13 {m, 1H}, 1.18-1.30{m, 8H)

127

Pyridine

420

1H NMR {DMS0-d6, 600 MHz):
&{ppm) 11.15 (s, 1H}, 9.43-9.70
{m, 1H}, 8.95-9.08 {m, iH}, 8.15
{d, }=5.4Hz, 1H), 7 29(5 1H},
7.02 {s, 1H), 6.95{d, § = 5.3 Hz,
1H), 4.71-4.84 (m, 1H), 4.44 (br
d, = 13.8 Hz, 1H}, 3.89-3.92
{m, 1H}, 3.41-3.52 {m, 1H}, 3.32
{brd,J=12.0Hz 1H}, 3.13-3.22
{m, 1H}, 2.98-2.06 {m, 1H}, 1.23
{d, }=6.7 Hz, 3H)}, 1.17-1.21 {m,
6H), 1.16 {s, 3H)

128

Pyridine
{using
compound
ii” obtained
from OHMe
isomer 1}

388,6;
389,95

1H NMR {DMSO-d6, 600 MHz):
& {ppm) 11.01 (s, 1H}, 9.20{br
s, 2H), 8.14(d, § = 5.4 Hz, 1H),
7.80(d, $ =9.1 Hz, 1H}, 7.07 {d,
=192 Hz, 1H}, 6.85(d, j=53
Hz, 1H}, 4.90-6.21 {m, 1H}, 4
{brd, =126 Hz, 1H}, 4.24{ \b|
d, =139 Hz, 1H}, 3.84-3.86
{m, 1H}, 3.31¢{br d, 1= 12.6 Hz,
1H}, 3.18- 326’ m, 1H}, 3.07-
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125

NH

Pyridine
{using
compound
IV obtained
from OHMe
isomer 1}

1H NMR {DMSO-d6, 600 MHz):
Slppm) 1111 {s, 1H}, 9.42 {br
d, } = 10.4 Hz, 1H}, 8.93-2.13
{m, 1H), .21 (d, §= 5.6 Hz, 1H),
8.11 (s, 1H}, 7.44 {d, } = 5.4 Hz,
1H}, 7.28 (s, 1H}, 6.44 {br s, 1H},
4.76 {brs, 1H), 456 {brd, I =
14.4 Hz, 1H), 3.89 {brs, 1H),
3.24-3.39 {m, 3H}, 3.16 {br d, §
=13.7Hz, 1H), 2.98 {br g, i =
10.7 Hz, 1H), 1.75-1.91 {m, 2H},
1.28 {s, 3H), 0.84 (t, 1= 7.3 Hz,
3H)

130

Pyridine

402

1H NMR {500 MHz, DMSO-ds,
300K} 6 porn 11,41 {s, 1 H},
$.04-9.39 (m, 2 H), 8.26(d,
$=8.6 Hz, 1 H}, 7.42 {dd, §=5.1,
1.2 Hz, 1 H), 7.39 {dd, }=5.5, 1.3
Hz, 1 H), 7.24 {dd, J=2.7, 1.5 Hz,
1H),4.41-4.55{m, 2H), 2.98-
3.43{m, 8H), 1.54- 1.79{m, 2
H), 1.36 {d, J=5.1 Hz, 3 H}, 1.01
{td, }=7.7, 6.1 Hz, 3 H}

131

Pyridine

1H NMR {500 MHz, DMSG-d6)
Shift 11.15 {d, }=3.18 Hz, 1H),
9.34 {br d, }=10.27 Hz, 1H), 8.90
{brd, $=8.07 Hz, 1H), 8.22 (t,
1=5.45 Hz, 1H), 8.04-8.16 {m,
1H), 7.40 {t, 1=5.01 Hz, 1H),
7.25 (s, 1H), 6.21-6.91 {br s,
1H), 4.95 {br d, }=5.38 Hz, 1H),
4.41-4.51 {m, 1H), 3.17-3.35
{m, 5H}, 2.97-3.10 (m, 1H),
1.66-1.85 {m, 2H), 1.21-1.38
{m, 3H}, 0.36 {dt, 1=2.32, 7.52
Hz, 3H)
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1H NMR {500 MHz, DMSO-d6)
Shift 11.05 {5, 1H}, 9.08 {br s,
1H), 8.99 (br s, 1H), 8.15(d,
1=5.38 Hz, 1H}, 7.81 {d, }=9.05
132 Pyridine 402,0; | Hz, 1H), 7.07 {d, =9.05 Hz, 1H),
403,9 6.86 {d, =562 Hz, 1H}, 5.75-
5.78 {m, 1H), 4.19-4.44 {m, 2H},
2.85-3.24 {m, 5H}, 1.46-1.8C
{m, 4H), 0.96 (g, =7.58 Hz, 3H),
.53 {t, §=7.46 Hz, 3H)
1H NMR {500 MHz, DMSO-d6):
pyridine 5 ppm 11.10{s, 1 H}, 8.80- 9.73
(using ("r, 2H}),8.19{d, }=5.38 ‘HZ, 1
compound | 388,0: H}, 7.86 (d, 1=1.22 Hz, 1 H), 7.34
133 RIS oS L 7.40(m, 1H), 7.20(d, =122
i obtained 389.9 ) -
from OHMe Hz, 1 Hj}, 31.86 - 6.5‘33 {m, 1H},
isomer 1} 3f85 -3.85(m, 2H},3.72- 3.76
: o (m, 2H},3.18-3.31{m, 2 H},
1.32-1.38{m, 6 H}, 1.28-1.31
{m, 3 H)
1H NMR {DMSO-d6, 600 MHz):
Si{ppm) 11.11 (s, 1H}, 9.35(br
Pyridine s, 2H}, 8.21{d, } = 5.6 Hz, 1H},
{using 8.12 {s, 1H}, 7.42{d, 1 = 5.6 Hz,
134 compound 422 1H}, 7.36/{s, 1H}, 5.98-6.90 {m,
il abtained ’ 1H}, 415 {brs, 1H}, 3.94 {br
from OHMe t, 4 =5.2Hz 2H), 3.78-3.84 {m,
isomer 1} 1H), 3.74 {d, } = 13.9 Hz, 1H),
3.22-3.27 {m, 2H), 1.36{d, i =
7.0 Hz, 6H), 1.28 {5, 3H}
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1H NMR {500 MHz, DMSC-d6)
Shift 11.16 {5, 1H), 9.16-9.43
{m, 2H), 8.15 {d, }=5.38 Hz, 1H),
7.23{s, 1), 7.06 {s, 1), 6.96
Pyridine 418 (d, 1=5.38 Hz, 1H), 4.24 {br d,
§=12.96 Hz, 2H}, 4.16 {br s, 2H),
3.51(s, 1H}, 3.34 (d, 1=12.47 Hz,
2H}, 1.93-2.00 {m, 2H}, 1.80-
1.91 (m, 2H}, 1.17-1.22 {m, 6H)

135

buridine 1H NMR {DMSO-d5, 500 MHz):
(ymi‘rlrl 8 (ppm) 10.93-11.29 {m, 1H),
com Ofnd 9.03-9.57 (m, 2H), 8.12-8.31
" -"bl:"hed 420 {m, 2H), 7.44 (d, } = 5.4 Hz, 1H),
f;o:ﬁ SF’{W 7.25{s, 1H), 6.18-6.94 {m, 1H),
comer 11 4.25-4.42 {m, 2H), 4.18 {br s,
SRR 2H)}, 3.24-3.40 {m, 2H), 1.74-

2.18{m, 4H}, 1.29 (s, 3H)

136

1H NMR {DMSO-d8, 500 MHz):
5 {ppm) 11,15 {5, 1H), 9.06-9.24
{m, 2H), 8.15 (g, J = 5.4 Hz, 1),
6.87-7.05 (m, 2H), 6.96 {d, i =
5.4 Hz, 1H), 4.68-4.99 {m, 1H),
3.57-3.92 (m, 4H), 3.30-3.38
{m, 2H), 1.79-2.18 {m, 4H), 1.25
(s, 3H), 1.17 (s, 3H}

137

Pyridine

14
flary
[}

HRN
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138

HN

Pyridine
{using
compound
IV obtained
from OHMe
isomer 1}

420

1H NMR {500 MHz, DMSC-d6}:
5ppm 1111 {s, 1 H}, 892 - 9.58
{m, 2H},815-8.27{m, 1 H},
8.05-811{m,1H),7.37-7.54
{m, 1H}, 6.86-7.15{m, 1 H},
5.99-6.81{m, 1Hj}, 4.49-5.23
{m, 1H}, 3.82-3.95{m, 2 H},
3.67-3.75{(m, 1H), 3.30-3.41
{(m, 2HY, 1.75 - 2.25{m, 4 H},
1.30(s, 3H)

Pyridine
{using
compound
I’ obtained
fram OHMe
isomer 1}

388;
329,9

1H NMR {DMSO-d6, 600 MHz):
& {ppm) 11.08 (s, 1H}, 9.23 {(br
s, 1H}, 8.85 {brs, 1H), 8.18(d,
=5.6Hz, 1H), 7.84(d, § = 1.3 Hz,
1H}, 7.37(d, § = 5.6 Hz, 1H),
7.124{d, } = 1.3 Hz, 1H), 6.50 (br
s, 1H), 4.64 {br s, 1H}, 4.47 {br
d, } = 14.4 Hz, 1H}, 3.95-4.05
{m, 1H}, 3.34{brd, §= 12.6 Hz,
1H), 3.20-3.27 {m, 2H), 3.09-
3.16 {m, 1H), 2.91-3.00 {m, 1H),
1.69-1.85 {m, 2H}, 1.29 {s, 3H},
0.84 (¢, §=7.4Hz, 3H)

140

NH

Pyridine

1H NMR {500 MHz, DMSC-d6)
Shift 11.13 s, 1H), 9.42 {br d,
3=9.05 Hz, 1H), 8.98 {br d,

1=9.05 Hz, 1H), 8.13 {d, 4=5.72
Hz, 1H}, 7.08 {s, 1H), 6.91 (d,
1=5.70 Hz, 1H), 6.87 (s, 1H),
4.74-4.83 {m, 1H), 4.28 (br d,
$213.45 Hz, 1H), 3.12-3.32 {m,
4t), 2.92-3.02 {m, 1H}, 1.25 {d,
1=6.85 Hz, 3H), 1.19 {d, }=6.11
Hz, 6H)




WO 2022/234298

PCT/GB2022/051166

141

Pyridine

406.1

1H NMR {DMSO-d8, 600 MHz):
& {ppm) 11.15 (s, 1H), 8.85-2.36
{m, 2H), 8.15 (d, J = 5.3 Hz, 1H},
7.36{s, 1H), 7.04 {s, 1H}, 6.95
(d, §=5.3 Hz, 1H), 4.36-4.53 {m,
2H}, 3.53-3.61 {m, 1H), 3.23-
3.38 {m, 3H}, 3.08 {brdd, J =
14.2, 10.6 Hz, 2H), 1.27 (d, I =
6.5 Hz, 3H), 1.19{d, 1 = 14.4 Hz,
6H)

142

Pyridine

420.1

1H NMR {600 MHz, DMSO-d6)
Shift 11.16 (s, 1H}, 9.20-9.27
{m, 1H}, 9.16 {br d, }=9.98 Hz,
1H}, 8.15{d, §=5.28 Hz, 1H),
7.37{s, 1H), 7.04 {s, 1H}, 6.95
(d, $25.43 Hz, 1H), 4.42-4.55 {m,
2H), 3.26-3.41 {m, 2H), 3.12-
3.20{m, 1H}, 3.02-3.12 {m, 2H),
1.60-1.72 {m, 21}, 1.16-1.27
{m, 6H), 0.97 {t, 1=7.56 Hz, 3H)

143

Pyridine

1H NMR {600 MHz, DMISO-d8)
5opm 11.12{s, 1 H), 8.85- 9.50
{m, 2 H}, 8.20 (d, }=5.58 Hz, 1
H), 7.80 {dd, §=7.34, 1.32 Hz, 1
H),7.29-7.38 {m, 1H}, 7.19 -
7.25{m, 1H), 6.55(5, 1 H}, 4.34
-4.56(m, 2 H}, 3.24- 3.37 {m, 2
M), 3.11 - 3.20 {m, 1H}, 3.00 -
3.10{m, 2 H}, 1.81 {m, I=7.60
Hz, 2 H}, 1.58 - .72 {m, 2 H},
1.01 {q, I=7.63 Hz, 3 H}, 0.37
{td, i=7.48, 1.32 Hz, 3 H)
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144

Pyridine

420

1H NMR {500 MHz, DMSO-d6)
Shift 11.19 (s, 1H), 9.40 {br d,
=10.52 Hz, 1H}, 8.96{brs, 1H},
8.16{dd, }=0.86, 5.26 Hz, 1H},
7.25{d, }=4.40 Hz, 1H}, 6.99 (s,
1H), 6.94 {t, }=4.82 Hz, 1H),
4.87 {brd, }=5.87 Hz, 1H}, 4.36
{brd, }=12.72 Hz, 1H}, 3.24-
3.36 {m, 3H}, 3.14-3.23 {m, 1H},
2.95-3.05 {m, 1H}, 1.65-1.73
{m, 1H}, 1.29-1.50 {m, 1H}, 1.27
{d, }=7.09 Hz, 3H), 1.16{(d,
§=3.91 Hz, 3H)}, 0.49 {dt, 1=4.40,
7.34 Hz, 3H}

145

Pyridine

386

1H NMR {DMS0-d6, 500 MHz):

5{ppm} 11.14 (s, 1H), 3.01-0.34

{m, 2H}, 8.13{d, § = 5.4 Hz, 1H},

7.21(d, §=1.2 Hz, 1H), 6.92 {d,
J=54Hz 1H), 6.89(d, 1= 1.2

Hz, 1H), 4.32-4.47 {m, 2H},

2.91-3.38 {m, 5H}, 1.49-1.81

{m, 2H}, 1.15-1.28 {m, 6H}, 0.97

{t, } = 7.5 Hz, 3H}

146

Pyridine

386;
3875

1H NMR {500 MHz, DMSC-d6)
Shift 11.17 {s, 1H}, 9.40 {br s,
1H), £.95 {brs, 1H), 8.14 {d,
=538 Hz, 1H), 7.08 {d, 1=3.42
Hz, 1H), 6.90 (dd, }=3.79, 5.26
Hz, 1H), 6.85 (s, 1H), 4.77 (br s,
1HY, 4.27 {br d, 1213.69 Hz, 1H),
2.88-3.35 {m, 5H), 1.64-1.74
(m, 14}, 1.47-1.58 {m, 1H),
1.16-1.28 {m, 6H), 0.48 {dt,
123,42, 7.21 Hz, 3H)

80
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147

Pyridine

386;
388

1H NMR {600 MHz, DMISO-d8)
§11.16 (s, 1M}, 9.35 (brd,
1=9.68 Hz, 1H), 8.18 {br d,
1=9.39 Hz, 1H), 8.14 {d, }=5.28
Hz, 1M}, 7.18{d, J=1.32 Hz, 1H),
(d 1=5.28 Hz, 1H), 6.86 {d,
Hz, 1H}, 4.31-4.40 {m,
,3.21-3.36 {m, 3H), 2.97-
3.09{m, 2H}, 1.65-1.72 {m, 1H),
54-1.62 {m, 1H), 1.26 {dd,
1.98, 6.53 Hz, 3H), 1.18(d,
60 Hz, m; 0.49{dt, 1=2.57,
7 Hz, 3H)

148

Pyridine

1H NMR {600 MHz, DMSO-d6)
§11.12(s, 1), 9.12 {brd,
=9.24 Hz, 1H), 9.01 {brs, 1H),
8.13 {d, 1=5.28 Hz, 1H}, 7.75
{dd, }=7.56, 8.29 Hz, 1H}, 7.04
(dd, $=2.05, 8.66 Hz, 1H), 6.82
(d, $=5.28 Hz, 1H), 6.79 {dd,
1=1.54, 7.12 Hz, 1H), 4.34-4.48
{m, 1H}, 4.27-4.33 (m, 1H),
2.88-3.24 {m, 5H), 1.55-1.71
{m, 4H), 1.18 {d, $=5.58 Hz, 3H),
0.97 {dt, J=5.50, 7.52 Hz, 3H},
0.47 (dt, 1=1.98, 7.37 Hz, 3H)

148

HRN

Pyridine
{using
compound
ii” obtained
from OHMe
isomer 1}

1H NMR {600 MHz, DMSO-d6)
Shift 11.10 {s, 1H), 8.21 (d,
325,58 Hz, 1H), 8.06 (s, 1H},

7.48 {d, 1=5.43 Hz, 1H}, 6.94 {s,

1H), 6.65 (s, 1H), 3.65-3.79 {m,
6H}, 2.51-2.57 {m, 1H}, 1.67-

2.18{m, 1H), 1.51 (d, }=8.51 Hz,

1M}, 1.31 {5, 3H)

81
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1H NMR {600 MHz, DMSO-d6)
Shift 11,12 {s, 1H), .14 {d,
i=5.43 Hz, 1M}, 6.91-6.97 {m,
150 Pyridine 404 3Hj}, 3.65-3.78 {m, 6H}, 2.51-
2.58(m, 1H}, 1.52 {d, =8.66 Hz,
HN 1H}, 1.25-1.27 {5, 6H), 1.07-1.62
{brs, 1H}
1H NMR {600 MHz, DMSQO-ds,
300K} & ppm 9.12 - 11.20 {m, 1
H), 8.36 {d, J=5.4 Hz, 1 H}, 7.48
Pyridine (6, §=5.4 Hz, 1 H), 7.401{d, #=1.3
{using Hz, 1 H}, 7.14(d, }=1.3 Hz, 1 H},
151 compound 402.,0; 4.21-4.42 {m, 2 Hj, 3.}3 {s, 3
o i’ obtained 403,9 H}, 3.05-3.20{m, 1 H}, 2.93
from OHMe {td, }=12.1, 3.2 Hz, 1 H}, 2.73 -
isomer 2} 2.79{m, 1 H},2.52-2.59{m, 2
H), 2.68- 2.25 {brs, 1 H}, 1.40-
1.57 {m, 5 H), 1.05{t, }=7.6 Hz,
3 H)
1H NMR {600 MHz, DMSC-ds,
300K} & ppm 8.24 {d, }=5.4 Hz,
Pyridine 1H), 7.36 (d, §=5.6 Hz, 1 H),
(sing 7.27(d, 1=1.3 He, 1 H), 7.01{d,
compound 407.0: J=1.3Hz, 1H), 4.14—4.33(m, 2
152 e 7 1), 3.00 (s, 2 H), 2.93-2.99 (m,
i obtained 403,8 . .
from OHMe 27 H), 2.79{td, 1=12.0,3.2 ﬁz, 1
omer 2! H), 2.66 {td, J=11.7, 3.1 Hz, 1
SIS & H), 2.41-2.49 {m, 2H), 1.27 -
1.48 {m, 6 H), 0.92 (t, J=7.6 Hz,
3 H)

82
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153

Pyridine
{using
compound
IV obtained
from MeEt
isomer 1}

420.1

1H NMR {600 MHz, DMSC-d6)
511.15{s, 1H), 8.15 {d, I=5.28
Hz, 1M}, 7.17 (s, 1H), 6.94(d,
3=5.43 Hz, 1H), 6.86(s, 1H),
4.26 {br dd, 1=13.94, 16.58 Hz,
2H), 2.99 {br d, J=12.03 Hz, 1H),
2.81-2.93 (m, 1H), 2.67-2.77
{m, 2H}, 1.51-1.77 {m, 3H},
1.11-1.15 {m, 4H}, 1.01-1.05
(m, 3H}, 0.48 {t, I=7.34 Hz, 2H),
0.41-0.56 {m, 1H)

154

Pyridine
{using
compound
I’ obtained
fram OHMe
isomer 2}

420.1

1H NMR {600 MHz, DMSO-d6)

§11.15 (s, 1H), 8.14 {d, J=5.43
Hz, 1H}, 7.14 {s, 1H), 6.94(d,
1=5.43 Hz, 11}, 6.83 {5, 1H),

4.25{br d, }=11.59 Hz, 1H}, 4.20
{brd, i=12.47 Hz, 1H), 2.88-
2.98 {m, 1H), 2.82 (dt, 1=3.08,
12,10 Hz, 1H), 2.60-2.71 {m,
24}, 2.43-2.48 {m, 1H), 1.57-

1.72 {m, 2H), 1.09-1.19 {m, 3H},
1.00{d, $=6.31 Hz, 31}, 0.49 {z,

127,34 Hz, 3H)

155

NH

Pyridine

1H NMR {500 MHz, DMSO-D8,
300 K} & {ppm) = 11.21 {s, 1H},
9.30{brd, § = 10.5 Hz, 1H}, 8.98
SR.70{m, 1H}, 2.18{d, § = 2.0
Hz, AH}, 7.2 {d, § = 1.5 Hz, 1H},
6.96{d, = 1.0 Hz, 1H}, 5.02 -
4.64{m, 1H), 427 (brd, }=13.7
Hz, 1H}, 3.32 - 3,31 {m, 4H),
2.99{brd, 1=11.7 Hz, 1H}, 1.23
{d, §= 6.8 Hz, 3H), 1.14 (s, 3H),
1.13 {s, 3H)
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1H NMR {500 MHz, DMSO-D8,
300 K} & {ppm) = 11.24 (s, 1H},
9.48-8.13(m, 1H}, 9.03 - 8.65
{rm, 1H}, 820 (d, § = 2.0 Hz, 1H),
7.29 (s, 1H}, 7.13 (s, 1H), 4.93 -
4.78 {m, 1H), 4.43 - 4.30 {m,

1H3, 3.29 - 2.93 {m, 5H), 1.25
(d, §=7.1Hz, 3H), 111 (d, i =

3.7 Hz, 6H}

156 Pyridine 424.3

1H NMR {500 MHz, DMSO-d6)
511.27 (s, 1H), 9.82 — 855 {m,
2H), 8.21 (s, 1H), 7.41-7.22
- {m, 1H), 7.17 — 7.03 {m, 1H),
Pyridine 383 ) 4 99-4.73(m, 11), 4,48 4.23
{m, 1H}, 3.30 - 3.24 {m, 4H),
3.08 - 2.92 {m, 1H), 1.73 -~ 1.54
(m, 1H), 1.35— 1.21 {m, 4H},
1.11 {s, 3H), 0.66 ~ 0.24 (m, 2H)

157

1H NMR {500 MHz, DMSO-D8,
300 K) & {ppm} = 12.15 {5, 1H},
9.85 - 838 (m, 2H), 8.15{d, I =
5.4 Hz, 1H), 7.26 {s, 1H}, 6.9 (s,
1H), 6.94 (4, } = 5.4 Hz, 1H},

. | 5.24{brt,1=5.0Hz 1H), 4.72-
| 459(m, 1H), 449 {brd, 1= 14.4
Hz, 1H), 2.83 - 3.63 {m, 2H),
3.48{brd, = 13.0Hz, 1H}, 3.32
{brs, 2H}, 3.24- 211 {m, 1H),
3.08- 2.91 {m, 1H}, 1.20 (s, 3H),
1.16 (s, 3H)

Pyridine
{using
compound 4
I obtained
from OHMe
isomer 1}

158

84
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159

Pyridine

408, 410

1H NMR {DMSO-d8, 600 MHz):
& {ppm) 11.13 (s, 1H), 3.07-2.70
(m, 2H), 8.13 (d, J = 5.4 Hz, 1H},
7.241{d,§= 1.3 Hz, 1H), 6.94
{d, 4= 1.3 Hz, 1H), 6.90 (d, I =
5.4 Hz, 1H), 6.68 {td, § = 55.0,
5.8 Hz, 1H), 5.07-5.21 {m, 1H},
4.46 {brd, ] = 14.2 Hz, 1H),

3.32-3.53 (m, 4H), 2.98-2.09
{m, 1H}, 1.15-1.22 {m, 6H}

Pyridine

1H NMR {DMSO-d8, 500 MHz):

& {ppm) 11.17 {s, 1H}, 9.00-9.61

(m, 2H), 8.16 {d, J = 5.4 Hz, 1H),
7.42{s, 1H), 7.11 {s, 1H), 6.95
{d, 1= 5.4 Hz, 1H), 6.65{td, I =

55.0, 5.4 Hz, 1H), 5.15-5.33 {m,
1H}, 4.47-4.66 {m, 1H), 3.77-

3.79{m, 1H}, 3.52-3.57 {m, 1H),
3.31-3.52 {m, 3H), 3.00-3.15
{m, 1H}, 1.18 (s, 3H), 1.15 (s,

3H}

i61

Pyridine

422.4

1H NMR {600 MHz, DMSC-D86,
300 K} & {ppm) = 11.15 (s, 1H),
9.81- 821 (m, 2H), 8.15{d, J =
5.4 Hz, 1H), 7.25 {s, 1H}, 6.99 (s,
1H), 6.94 (4, } = 5.4 Hz, 1H},
5.28-4.97 (m, 1H)}, 4.66(brd, §
=5.6Hz, 1H}, 448 (brd, i=
13.5 Hz, iH}, 3.85-3.60 {m,
2H), 3.47 (brd, § = 12.9 Hz, 1H),
333 {brd, §=2.9Hz 2H},3.16
{dd, 1 =4.9, 13.0 Hz, 1H}, 3.05-
2.91 {m, 1H}, 1.20 {s, 3H), 1.16
{s, 3H}

.
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1H NMR {500 MHz, DMSO-D8,
Pyridine 300K} & {ppm}=11.27- 10.856
{using {m, 1H}, 8.19{d, } = 5.4 Hz, 1H},
racemic 7.63{d, §=1.5 Hz, 1H}, 7.31 {d,
mixture and I=56Hz 1H}, 7.01(d, I= 15
162 chiral 388,1; Hz, 1H}, 6.55 {s, 1H}, 4.16 {br d,
separation 399,0 1=12.2 Hz, 2H}, 2.94 {brd, J=
with 11.5 Hz, 1H}, 2.82 - 2.61 {m,
method A, 3H), 2.43 {gd, § = 10.5, 12.5 Hz,
OHEL 1H), 1.88 - 1.69 {m, 2H}, 1.02
isomer 1} {d, J=6.4Hz 4H), 0.39{t, i =
7.5 Hz, 3H)
1H NMR {500 MHz, DMSC-D6,
Pyridine 200 K) & (ppm) = 11.34 - 10.88
(using {rm, 1H}, 819 (d, § = 5.4 Hz, 1H),
cacemic 7.62(d, }= 1.5 Hz, 1H), 7.314d,
mixture and =54 HAZ' iH), 7'0.1 (d,J=15
chiral 288 1- Hz., 1H}f 6.55 (s, 1H}, 4.22 - 4‘,10
163 separation 2900 {m, 2H), 2.97 - 2.90 {m, 1H),
with ’ 2.86-2.74{m, 1H}, 2.73-2.60
othod A {m, 2H}, 2.41{dd, § = 10.4, 12.3
OHEL Hz, 1H), 1.87 - 1.72 {m, 2H),
somer 2) 1.19 (brd, } = 5.9 Hz, 1H), 1.02
{d, }=6.4Hz, 3H),0.39 (¢, I =
7.5 Hz, 3H)
1H NMR {600 MHz, DMSC-d6)
S pprm 11.12 {brs, 1 H), 8.12{d,
Pyridine 1=5.43 Hz, 1 H), 6.90{d, }=5.43
(using .69 1 59 5, 1, 4.37
. 1 B6.6Y4g, I=1. zZ, L4
164 ;f)g;‘;:;::; 2268?; -4.45 (m, 1H), 3.89-3.96 {m, 1
trom Mokt ’ H), 3.26-3.29 (m, 1H), 2.90-
omer 2! 3.00{m, 2H), 2.73-2.84{m, 2
> ! H), 2.53-2.63 {m, 1H), 1.52 -
1.76 (m, 2 H}, 1.19(s, 3 H), 1.14
{d, J=6.75 Hz, 3 H), 0.47 (¢,
§=7.34 Hz, 3 H)
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1H NMR {600 MHz, DMS0O-d6}
S ppm 11.21 (s, 1 H), 8.12 {d,
pyridine §=5.43 Hz, 1 H}, 6.89-6.92 {m,
(using 1H}, 6.87-6.8%{m, 1H), 6.68 -
compound | 36,3 6.70{m, 1H), 4.36- 4.48(m, 1
165 ¥ ohtained '%88’ 3' H}, 3.88 - 3.?7 {m, 1H},3.22 -
fronm Meét : 3.29{m,1H), 2.89-3.00{m, 2
somer 1) H}, 2.72-2.86 {m, 2H), 2.54-
' 2.64{m,1H}, 1.55-1.81{m, 2
H}, 1.18 (s, 3 H}, 1.14{d, 1=6.75
Hz, 3 H}, 0.45- 0.50 {m, 3 H)
Pyridine 1H NMR {600 MHz, DMSO-d6)
{using 8 ppm 11.05 {s, 1 H), 8.20 {d,
racemic $=5.58 Hz, 1H}, 7.87 {5, 1 H},
mixture and 7.29-7.42{m, 1H},7 07 {s, 1
chiral o H}, 6.55{s, 1 H}, 4.45-4.5%{m,
166 separation 221 1H),4.02-4.13{m, 1H),3.31-
with 3.33{m, 1H},2.95-3.07{m, 2
method B, H}, 2.73-2.88 {m, 2 H}, 2.55 -
OHE 2.65 ( 1H), 1.66- 186’ 2
isomer 1} H), 1 14’d i=6.60Hz, 3H}, 0
{t, 1=7.48 Hz, 3 H)
Pyridine 1H NMR {600 MHz, DMSO-d6)
{using S ppm 11.10 (s, 1 H), 8.21 (d,
racemic $=5.58 Hz, 1 H}, 7.97 {5, 1 H},
mixture and 7.38(d, J=5.58 Hz, 1 H}, 7.00 -
. chiral h 7.42{m, 1 H}, 6.57 {5, 1 H}, 4.47
167 separation 4221 -4.60{m, 1H},3.94-4.09(m, 1
with H}, 2.93-3.07 {m, 2H}, 2.77 -
method B, 2.85{m, 2H},2.57-267{m, 1
OHEt Hi, 1.66-1.85{m, 2H}, 1. -(d
isomer 2} 1=6.60 Hz, 3H}, 0.37 {t, I=7.56
Hz, 3 H)
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Pyridine

420.1

1H NMR {600 MHz, DMSC-d6)
6 ppm 11.13 (s, 1 H}, 8.14 (4,
1=5.43 Hz, 1 H}, 7.35- 8.02 {m,
1H),7.15- 7.28 (m, 1 H}, 6.95
{s, 2 H), 4.53- 4.78 (m, 1 H),
4,15-4.33(m,1H},3.17-3.24
{m, 1H}, 2.41-3.17 {m, 1 H},
2.99-3.12{m, 1Hj, 2.79-2.95
{rm, 1H}, 1.17 - .21 {m, 6 H},
1.07 - 1.14{m, 6 H)

Pyridine

420.1

1H NMR {600 MHz, DMSO-d6)
Spom11.12(s, 1 H), 8.14 {d,

J=5.43 Hz, 1 H), 7.34- 8.01 {m,

1H), 724 (s, 1 H), 6.95{d,
J=5.43 Hz, 1H), 6.89 (s, 1 H),
4.41-4.62{m,1H},3.99-4.26
{(m, 1H}, 2.70-3.12{m, 4 H},
1.18{d, ;=13.84 Hz, 6 H}, 1.03 -
1.07 {m, 6 H}

Pyridine
{using
compound
ii” obtained
from MeEt
isomer 2}

386,1;
388,0

1H NMR {600 MHz, DMSO-d6)
& ppm 11.05 (s, 1 H}, 8.12 {d,
§=5.43 Hz, 1 H}, 6.96 {d, }=1.32
Hz, 1H}, 6.90{d, J=5.43 Hz, 1
H}, 6.69{d, J=1.32 Hz, 1 H}, 4.02
-4.20{m, 2 H}, 3.66- 3.90 {m, 1
H}, 2.85-2.95(m, 1H), 2.72 -
2.81{m, 1H), 2.55-2.69{m, 2
H}, 2.40 {dd, }=12.40, 10.34 Hz,
1H), 1.61- 1.74{m, 2 H}, 1.16
(s, 3H), 0.99 (d, }=6.16 Hz, 3 H},
0.49(t, 3=7.34 Hz, 3 H}
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Pyridine
{using
compound
IV obtained
from MeEt
isomer 1}

386,1;
388,1

1H NMR {600 MHz, DMSC-d6)
6 ppm 11.15 (s, 1 H}, 8.12 {4,
1=5.28 Hz, 1 H}, 6.95-6.98 {m
1 H}, 6.90{d, }1=5.28 Hz, 1 H},
6.70(d, 1=1.32 Hz, 1 H), 4.07 -
4,19 {m, 2 H), 3.15-3.26{m, 1
H}, 2.58-2.93 {m, 4H), 2.36-
2.43{m, 1H), 1.561-1.73{m, 2
H,} 1.18 (s, 3 H), 0.98 {d, 1=6.46
Hz, 3 H}, 0.48(t, 1=7.48 Hz, 3 H)

172

Pyridine
{using
compound
I’ obtained

isomer 1}

from OHMe

388,3;

380,2

1H NMR {DMSO-d6, 500 MHz):
Sippm) 11.41 (s, 1H}, 3.43 {br
d, §=10.3 Hz, 1H), 8.99 (brd, }
= 10.0 Hz, 1H), 8.26{d, 1 = 5.4
Hz, 1H}, 7.34-7.55 {m, 2H}, 7.11
{d, F=1.0 Hz, 1H}, 4.82-4.98 {m
1H}, 4.32-4.50 {m, 1H), 3.09—
3.36 {m, 4H}, 3.03 (s, 3H}, 2.91-
3.01 {m, 1H}, 1.35 (s, 3H), 1.26
(d, § = 6.8 Hz, 3H}

Pyridine
{using
specifi
pyridine 1
as
compound

1)

1H NMR {DMSO-d8, 500 MHz):
8 {ppm) 11.13 {s, 1H), 9.24-9.53
{m, 1H}, 8.78-9.08 {m, 1H}, 8.14
{d, 1=5.4 Hz, 1H), 7.04 s, 1H),
6.93 {d, § =5.4 Hz, 1H), 6.90 (s,
1H), 4.77-4.91 {m, 1H), 4.33 (br
d,}=15.2 Hz, 1H}, 2.88-3.36
(w« M), 1.99 {t, 1 = 19.1 Hz,
3H), 1.26 (d, § = 7.1 Hz, 3H},
1.181{d, § = 9.3 Hz, 6H)

89




WO 2022/234298

PCT/GB2022/051166

Pyridine 1H NMR {DMSO-d6, 600 MHz):
{using S{ppm} 11.20{s, 1H}, 9.00{br
specific s, 2H}, 8.18{d, § = 1.9 Hz, 1H},
174 pyridine 1 406.1 7.14 (s, 1H}, 6.97 (s, 1H), 3.76-
as 3.86 {m, 4H), 3.36-3.38 {m, 1H),
compound 3.38 {brs, 4H}, 1.98{t, } = 18.2
1 Hz, 3H), 1.11 (s, 6H)
1H NMR {DMSO-d6, 500 MHz):
S{ppm)} 11.15 (s, 1H}, 9.01 {br
s, 2H), 8.15(d, § = 5.4 Hz, 1H),
175 Pyridine 4063 | 7.08{s 1H}, 6.89-6.99 {m, 2H},
3.97-4.02 {m, 2H}, 3.77{t, ) =
5.9 Hz, 2H}, 3.12-3.29 {m, 4H},
2.07 (dt, § = 10.7, 5.5 Hz, 2H),
1.12-1.30 {rn, 6H)
1H NMR {DMSO-d6, 500 MHz}:
. S {ppm} 13.12-11.63 {m, 1H},
P("L:'S:;‘ge 8.27{d, 1=5.6 Hz, 1H), 7.53 (s,
compound 1H), 7.46 (d, § = 5.6 Hz, 1H),
176 W abtained 422 7.09 {s, 1H}, 4.47-4.66 {m, 1H},
from OHMe 4.13{brd, } = 13.0Hz, 1H},
isomer 1} 2.74-3.09 {m, 8H}, 2.55-2.66
SEET 4 {m, 1H), 1.35 (s, 3H)}, 1.17{d, § =
6.6 Hz, 3H}
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177

Pyridine

420.1

1H NMR {DMSO-d8, 500 MHz):
& {ppm) 11.16 (s, 1H), 8.92-9.34
{m, 2H), 8.15 (d, J = 5.4 Hz, 1H},
7.24{s, 1), 7.01 {s, 1H}, 6.95
(d, 1= 5.4 Hz, 1H), 4.73-4.86 {m,
M), 4.24 (Brd, §= 14.2 Hz, 1H},
3.63-3.75 (m, 1H), 3.32-3.49
{m, 2H}, 3.10{br dd, J = 13.2,
2.0 Hz, 1H), 1.25-1.30 {m, 6H},
1.10-1.22 {m, 6H)

178

Pyridine

420.1

1H NMR {DMS0-d6, 500 MHz):
S{ppm)} 11.16{s, 1H}, 9.63 {br
d,§=9.8Hz 1H), 883 (brd, i=
9.8 Hz, 1H), 8.15{d, 1 = 5.4 Hz,
1H), 7.29 {s, 1H), 7.02 {s, 1H),
6.95{d, 1=5.4 Hz, 1H), 4.92 {br
s, 1H), 441 (brd, § = 13.4 Hz,
1H), 3.17-3.32 (m, 3H), 2.99
{dd, J=14.1, 11.9 Hz, 1H}, 1.33
{d, J=8.6Hz, 3H),1.27(d, }=
7.1 Hz, 3H), 1.15-1.22 {m, 6H}

2T

(o]

Pyridine

420.4

1H NMR {500 MHz, DMSO-d6}
5 ppm 11.17 {s, 1 H}, 8.87-9.94
{(m, 2H), 8.15 (d, 1=5.38 Hz, 1
H1, 7.31 (s, 1 H}, 7.03{s, 1 H},
6.90-6.97 (m, 1 H}, 4.65-4.85
{m, 2H},3.11-3.33{m, 4 H),
1.27-1.34(m, 6 H), 1.17 (s, 6
H)
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180

iH

Pyridine

420.3

1H NMR {DMSO-d6, 600 MHz):
6 {ppm} 11.13 {brs, 1H}, 8.14
{d, }=5.3Hz, 1H), 7.24 (s, 1H),
7.03 {s, 1H}, 6.97{d, 1= 5.4 Hz,
1H), 3.99-4.07 {m, 2H), 3.21-
3.26{m, 1H}, 3.14 (dd, § = 12.3,
3.8 Hz, 2H), 2.68{dd, §=12.3,
4.4 Hz, 2H), 1.33 (s, 3H), 1.13 (s,
3H), 1.12 {s, 3H}, 1.10 (s, 3H)

181

Pyridine

420.4

1H NMR {500 MHz, DMSO-d6}
S ppm 11.12 {brs, 1 H}, 8.13 {d,
1=5.38 Hz, 1 H)}, 6.93 {d, }=5.38
Hz, 2 H}, 6.80(s, 1 H), 403 {br
d, }=8.29 Hz, 2 H}, 3.33 - 3.40
(m, 1H}, 3.26-3.30{m, 1 H},
3.06-3.15{m, 1H}, 2.88 - 2.95
{m, 1H}, 2.76- 2.86{m, 1 H},
2.63-2.71{m, 1H}, 2.40- 2.48
{m, 1H}, 1.81-2.03{m, 1 H},
1.17-1.26 {m, 6 H), 0.74 - 0,90
{m, 3 H}

Pyridine

420.3

1H NMR {500 MHz, DMSO-d6}
S ppm 11,12 (s, 1 H), 8.33 {d,
§=5.38 Hz, 1 H}, 0.00 {d, J=5.38
Hz, 1 H), 6.90- 6.93 {m, 1 H),
6.80 (s, 1 H), 4.02 (br dd,

$=10.27, 2.20 Hz, 2 H), 3.32-
3.39(m, 1H)},3.27-3.30(m, 1
H), 3.06-3.14 {m, 1H), 2.78 -
2.95(m, 2 H},2.61-2.70{m, 1
Hi, 2.40-2.46 {m, 1H), 1.89 -

2.04(m, 1H), 1.21(s, 6 H}, 0.84

{d, 1=6.85 Hz, 3 H}
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183

Pyridine

420.3

5.4 Hz, 1H), 7.00 - 6.92 {m, 1H),

1H}, 401 -3.88{m, 1H}, 3.86—

1H NMR {500 MHz, DMSC-d6)
511.09(brs, 1H), 813 (d, I =

6.91—6.87 {m, 1H}, 6.80 s,

3.73 {m, 1H), 3.62 - 3.54 {m,
1H), 3.52 - 3.43 {m, 1H), 3.39—
3.32{m, 1H), 3.11-3.00{m,
1H), 2.82 — 2.73 {m, 1H}, 2.66—
2.56{m, 1H), 1.90 - 1.79 {m,
1H), 1.38 — 1.28 {m, 1H}, 1.21
{s, 6H), 1.00 {d, I = 6.4 Hz, 3H)

\

184

Pyridine

420.3

1H NMR {600 MHz, DMSO-d6)
5 12.16-9.15 (m, 1H), 8.13 {d,
= 5.4 Hz, 1H), 6.94(d, §= 5.4
Hz, 1H), 6.88 (s, 1H}, 6.80 {5,
1H), 4.08 - 3.83 {m, 1H}, 3.86 -
3.75{m, 1H), 3.64 — 3.53 {m,
1H}, 3.51 - 3.44 {m, 1H}, 3.40 -
3.32{m, 1H}, 2.10 - 2.03 {m,
1H}, 2.83 - 2.74 {m, 1H}, 2.66~
2.56 {m, 1H), 1.88 - 1.81{m,
1H), 1.39 - 1.29 {m, 1H}, 1.21
(s, 6H}, 0.99 {d, 1= 6.2 Hz, 3H)

i85

Pyridine

420.3

1H NMR {500 MHz, DMISO-d8)
5opm 11.16{s, 1 H}, 8.79- 9.35
{m, 2 H}, 8.15 (d, J=5.38 Hz, 1
H), 7.07 - 7.11 {m, 1H), 6.94 -
6.96 (m, 1 H}, 6,92 {d, 1=5.38
Hz, 1 H), 4.21 {m, =1.50 Hz, 1
H}, 4.00 {m, 1=6.60 Hz, 1 H},
3.44-3.61(m, 3 H), 3.27- 3.37
{m, 1H}, 2.98 {m, }=13.40, 5.10
Hz, 1 H}, 2.05 - 2.20{m, 2 H},
1,25 {d, 1=6.60 Hz, 3 Hj, 1.20 (s,
6 H)
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186

Pyridine

420.3

1H NMR {500 MHz, DMS0-d6)

5opm 11.16{s, 1 H), 8.50- 9.37
{m, 2 H), 8.15 (d, J=5.38 Hz, 1

H), 7.06 - 7.16 {m, 1H), 6.94 -

6.97 {m, 1H), 6.91-6.94{m, 1
H}, 4.22 - 4.26 {m, 1H}, 3.96 -

4.01 {m, 1H},3.35-3.62{m, 1
M), 3.43-3.53 {m, 2 H}, 2.93 -

3.38 {m, 2H}, 2.00-2.21{m, 2
HL 1.23-1.27 {m, 3 H), 1.20 (s,
6 H)

187

Pyridine

420.3

1H NMR {DMSO-d8, 500 MHz):
& {ppm) 11.16 (s, 1H)}, 8.72-9.03
(m, 2H), 8.14 {d, J = 5.4 Hz, 1H),
7.06{s, 1H), 6.94 (s, 1H), 6.93
(d, 1= 5.4 Hz, 1H), 4.34-4.60 {m,
1H)}, 4.17-4.33 {m, 1H), 4.02-
4.05 {m, 1H), 3.29-3.54 {m, 3H},
2.81-2.97 (m, 2H), 2.20-2.32
{m, 1H}, 2.00{dt, J = 16.1, 10.8
Hz, 1H), 1.21 s, 3H), 1.18 {5,
3H), 1.13 {d, § = 6.1 Hz, 3H)

188

Pyridine

1H NMR {600 MHz, DMSC-d6,
300K} 6 ppm 11.15 (s, 1 H},
8.59-9.16 {m, 2 H}, 8.14(d,
$=5.4 Hz, 1 H), 7.06 (s, 1H),
6.93(s, 1H}, 6.92(d, 1=5.4Hz, 1
H), 4.09-4.72 (m, 2H), 3.45 -
3.56 {m, 1 H), 3.26- 3.40 (m, 2
Hi, 2.78-3.00{m, 2H), 2.17 -
2.32(m, 1H}, 2.01 {brd, I=16.4
Hz, 1H}, 1.20{d, J=15.6 Hz, 6
H), 1.12{d, }=6.2 Hz, 3 H)
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189

Pyridine

420.4

1H NMR {500 MHz, DMSO-d6)
§11.314s, 1H}), .13 {d, i=5.38

Hz, 1H), 6.93 {d, §=5.38 Hz, 1H),
6.88 (s, 1H), 6.78 (s, 1H), 3.83-

4,75 {m, 2H), 3.26-3.29 {m, 1H),
3.21 {brdd, }=5.99, 14.31 Hz,

2H), 2.96 {br d, 1=12.23 Hz, 1H),
2.51-2.56 {m, 1H}, 2.32-2.48
{m, 1H}, 1.49-1.65 {m, 2H},
1.16-1.30{m, 6H}, 0.96-1.06

{m, 3H}

180

Pyridine

420.3

1H NMR {500 MHz, DMSO-d6)
511.15(s, 14}, 9.32 {brd, I =
2.2 Hz, 1H), 8.67 - 8.28 {m, 1H),
8.15 {d, = 5.4 Hz, 1H)}, 7.00 (5,
1M}, 6.94 {s, 11}, 6.90{d, 1= 5.4
Hz, 1H}, 4.74 - 4.40 {m, 1H),
4.36-3.95 (m, 1H), 3.56 {brs,
2H), 336~ 3.10 {m, 2H}, 3.03 -
2.86 {m, 1H), 1.92 - 1.70{m,
2H), 1.27 (s, 3H), 1.18 {s, 3H},
1.131{d, § = 6.4 Hz, 3H)

191

Pyridine
{using
compound
ii” obtained
from OHMe
isomer 1}

436.4

1H NMR {DMSO-d6, 600 MHz):
5 {ppm} 11.11-11.58 (m, 1H)},
8.27(d, } = 5.6 Hz, 1H), 7.52 (s,
1H), 7.43 (d, § = 5.4 Hz, 1H),
7.49 {s, 1H), 4.21-4.39 {m, 2H},
3.03 {s, 3H}, 2.81-3.00 {m, 2H},
2.66{td, 1= 11.8, 3.1 Hz, 1H},
2.50{dt, 1=3.7, 1.8 Hz, 2H},
1.26-1.52 {m, 5H}, 0.94{t, § =
7.6 Hz, 3H} {it manqgue e NH
piperazinge}
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1H NMR {DMS0-d6, 500 MHz):
{ppm} 11.16{s, 1H}, 8.15(d, }
= 5.4 He, 1H), 7.38-.01 {m, 2H},
7.28{s, 1H), 7.03 (s, 1H), 6.93
(d, § = 5.4 Hz, 1H), 5.04-5.17 {m,
e 1H}, 4.26 (brd, 3 = 13.4 Hz, 1H},
192 Pyridine 434.3 3.90-4.00 {m, 2H), 3.83(d, 1 =
10.0 Hz, 1H}, 3.63-3.73 {m, 2H},
3.26{brd, =12.5Hz 1H}, 3.18
{brd, =112 Hz 1H), 2.94-3.06
{m, 1H}, 1.184s, 3H), 1.16 (5,
3H)
Pyridine 1H NMR {DMS0-d6, 500 MHz):
{using & {ppm} 11.40 (s, 1H}, 8.24-9.58
compound {m, 1H}, 8.92 {brd, 1= 10.0Hz,
Il obtained 1H), 8.27(d, } = 5.4 Hz, 1H},
from OHMe 7.54 {s, 1H}, 7.46 {d, § = 5.4 Hz,
193 isomer 1 4183 | 1H), 7.06{s, 1H}, 4.89-4.99 {m,
and specific 1H}, 4.47 {brd, § = 13.7 Hz, 1H},
pyridine 1 3.13-3.38 {m, 4H}, 3.04 {s, 3H),
as 2.95-3.04 {m, 1H}, 1.99{t, J =
compound 19.1 Hz, 3H}, 1.32 (s, 3H}, 1.27
) (d, §=7.1 Hz, 3H}
1H NMR {600 MHz, DMS0O-d6)
Pyridine 511.13¢s, 1H), §.30-8.97 {im,
('usi‘r;g 2H}, 8.14{d, } = 5.3 Hz, 1H},
. A - 5 LH}, .92 (5, 1H), 4. wd, =
194 py"‘;'s”e 1oy 402d 14.1Hz, 2H), 3.73 - 3.71 {m,
compound 1H), 3.38 —3.28 {m, 2H), 3.27 -
i) 3.01 {m, 3H}, .99 (¢, } = 18.1
Hz, 3H), 1.28{d, 1= 6.5 Hz, 3H},
1.20 {s, 3H), 1.18 (s, 3H)
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1H NMR {DMSO-d6, 500 MHz):
8 {ppm} 11.08 (s, 1H}, 8.12(d, }
Pyridine =5.4Hz,1H}, 6.93 {d, J = 5.4 Hz,
{using 1H}, 6.88 {5, 1H), 6.74 {s, 1H},
specific 4,36 {brs, 1H}, 3.91-4.05 (m,
195 pyridine 1 4163 | iH}, 293 {brt b= 11.0Hy, 2H),
as 2.80-2.87 {m, 1H}, 2.63-2.69
compound {m, 1H}, 2.09-2.46 {m, 1H}, 1.98
] {t, §=18.2 Hz, 3H}, 1.16-1.24
{m, 6H), 1.00 (d, § = 6.6 Hz, 3H),
0.86{d, § = 6.6 Hz, 3H}
1H NMR {DMSO-d6, 500 MHz):
. S {ppm} 11.08 (s, 1H}, 8.12(d, J
Pyridine = 5.4 Hz, 1H), 6.93 (d, = 5.4 Hz,
{using - e in
495 or o 210, 565405 (m
. 1.35 {bir s, 1H}, 3.88-4.05 {m,
196 pyr:;i;ne 1 416.3 1H), 2.87-2.97 {m, 2H), 2.81-
compound 2.87 {m, 1K), 2.60-2.71 {m, 1H},
" 2.06-2.32{m, 1H}, 1.98{t, } =
18,1 Hz, 3H}, 1.20(d, f=12.2
Hz, 6H}, 1.00{d, I = 6.6 Hz, 3H)},
0.96{d, § = 6.6 Hz, 3H}
1H NMR {500 MHz, DMSO-D8,
300 K} & {ppm) = 11.20 (s, 1H),
9.50 - 9.20{m, 1H), 9.08 - 8.72
Pyridine {m, 1H}, 8',16 {d, } = 5.4 Hz, 1H},
(sing 7.241s, 1H), 6.99 {5, 1H), 6.94
compound (ﬁ,J=5.4 Hz, 1H}, 4.96—4.78
197 W abtained 420.4 {m, 1H}, 4.44 - 4.29 {m, 1H)},
from MeEt 3.37-3.13 {m, 4H), 2.99 (br d, J
comer 11 = 11.2 Hz, 1H), 1.68 (dd, 1= 7.3,
! 13.4 Hz, 1H}, 1.43 {dd, 1= 7.5,
13.6 Hz, 1H}, 1.27{d, } = 7.1 Hz,
3HY, 1.17 {5, 3H), 0.48{t, 1= 7.3
Hz, 3H}
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1H NMR {500 MHz, DMSO-d6)
8§ 11.19(s, 1H}, 9.46 {brd, I =
10.3 Hz, 4H}, 9.01 {brd, 1 =10.8
Pyridine Hz, 1H), 8.16{d, = 5.4 Hz, 1H),
{using 7.25{s, 1H}, 6.99 {5, 1H}, 6.95
compound . {d, f=5.4 Hz, 1H}, 4.92 - 4.80
198 IV’ obtained 420.1 {m, 1H}, 4.35{br d, } = 15.2 Hz,
from MeEt 1H), 3.35-2.93 {m, 6H}, 1.73—
isomer 2} 1.65{m, 1H}, 1.51 - 1.42 {m,
1H), 1.27(d, } = 6.8 Hz, 3H},
1.16{s, 3H), 0.49 {t, § = 7.3 Hy,
3H)
Pyridine 1H NMR {500 MHz, DMSO-d6)
{using 511.16(s, 1H}, 9.16 {brd, I =
compound 10.5 Hz, 1H}, 8.03 -8.81 {m,
Il obtained 1H), 8.15(d, } = 5.4 Hz, 1H},
from MeEt 7.13 {s, 1H), 6.93 {d, § = 5.4 Hz,
139 isomer 1 4163 | 1H}, 6.88(s, 1H), 441 {brd, }=
and Specific 13.7 Hz, 2H}, 3.43 - 2.95 {m,
pyridine 1 5H), 1.99{t, J = 19.2 Hz, 3H),
as 1.74 - 1.47 (m, 2H), 1.26 {d, J =
compound 6.4 Hz, 3H), 1.16 (s, 3H}, 0.49 {t,
) $= 7.5 He, 3H)
1H NMR {DMSO-d6, 500 MHz):
o S {ppm) 11.17 {s, 1H}, 9.37 {br
P(ﬁ;?r’:; s, 1H}, 920 (br s, 1H), .15 (d, J
compound = 5.4 Hz, TH), 7.13 (s, 1H), 6.93
¥ obrained {d, §=5.4 Hz, 1H), 6.88 (s, 1H),
from MeEt 4{40 {br ;i, =137 Hz, 2H}, 4;02
200 isomer 2 416.1 {brs, H), 3.36-3.33 (m, 1H),
and Specific 3.21-3.33({m, .ZH)’ 3.01-3.08
oyridine 1 {m, 2H}, 1.99 (t, 1 = 1.1 Hz,
as EH}, 1.68{dd, }=13.4, 7.3 Hz,
compound 1H), 153 (dd, 1= 13.2, 7.3 Hy,
" 1H), 1.28(d, } = 6.6 Hz, 3H},
1.16 {s, 3H}, 0.49 {t, 1= 7.3 Hy,
3H}
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pyridine 1H NMR {500 MHz, DMSC-d6)
(using §11.16 s, 1H}, 9.59 ~ 8.74 {m,
compound 2H), 815 (d, § = 5.4 Hz, 1H),
W obtained 7.02(s, 1H), 6.92 (d, 1= 5.4 Hz,
. o 1H), 6.85 (s, 1H), 4.92 — 4.73
from MeEt . . pm
201 icomer 1 4163 (m,‘lﬁ), 4.32{brd, i= _37 Hz,
and Specific 1H1, 2.36 - 2.11 {m, 4H}, 2.97
pyridine 1 {ord, i= 11.5‘Hz,. iH}, 1.98 {\t,l
as =18.2 Hz, 3H), 1.74 - 1.36 {m,
2H), 1.25(d, § = 7.1 Hz, 3H),
compound 117 {s, 3H), 0.47 (t, 1= 7.5 Hz,
i) 3H)
1H NMR {600 MHz, DMSO-ds,
Pyridine 300K} 6 pprm 11,15 {s, 1 H},
{using 8.35{brd, J=11.0 Hz, 1 H), .71
compound -9.00{m, 1 H},8.15(d, i=5.4
If" obtained Hz, 1 H}, 7.03 (s, 1 H), 6.92 (d,
from MeEt J=5.4Hz, 1 H), 6.86 (s, 1 H},
202 isomer 2 416.1 4.78 - 4.88 {m, 1 H}, 4.31(brd,
and Specific §=13.4 Hz, 1 H), 3.12-3.36 {m,
pyridine 1 4H},2.94-3.05{m,1H},1.99
as {t, }=19.1Hz, 3H),1.61-1.75
compound {m, 1H}, 1.43-1.55{m, 1 H},
) 1.25(d, I=7.0Hz, 3 H), 1.16 (s, 3
H), 0.48 {t, =7.3 Hz, 3 H)
Puridine ij NMR’(SOO MHz, DMSO*dS)
(using §11.12 (s, 1H), 9.02 (brs, 2H),
specific 8.;[3 (E.d:@j: 53 !)-Ez, ;;s( 5.3&«1,
. A - ~ = 5.4 Hz, 1H}, 6.87 {5, 1H},
203 py"‘;'s”e 1oy 4023 6.82 (s, 1H), 4.04 — 3.94 {m,
compound 2H), 3.84 — 3.66 {m, 2H}, 3,25~
" 3.21 (m, 2H), 3.20 - 3.15 (m,
2H), 2.12 - 2.04 {m, 2H}, 1.99
{t, 1= 19,1 Hz, 3H), 1.21 (s, 6H)
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1H NMR {600 MHz, DMSO-d6)
bvriding 511.13 (s, 1H), 9.48 - 8.81 (m,
("'Wr'l' 2H), 8.13(d, § = 5.4 Hz, 1H),
Spédg 6.911(d, } =5.3 Hz, 1H), 6.87 (s,
o 1H), 6.82 (s, 1H), 4.26 - 4.18
in " {
204 p"r":;“e 1} 4163 {m, 1H), 4.01 - 3.64 {m, 1H),
o 3.62 - 3.40{m, 3H), 3.33 (dt, I =
l;} 9.1, 4.7 Hz, 1H), 3.02 - 2.88 {m,
& 1H), 2.19 ~ 2.08 {m, 2H}, 1.95
{t, }=19.1 Hz, 3H), 1.28— 1.14
{m, 9H}
P,V;;fn“e 1H NMR {500 MHz, DMSO-d6)
o Ofnd 511.10{s, 1H), 9.25 - 8.68 {m,
o "bytjaiqed 2H), 8.14(d, } = 5.4 Hz, 1H),
;r;’m l\/“-leEf 6,90(d, § = 5.4 Hz, 1H), 6.88 -
505 ’ Em‘,me'\_ o 4162 6.85 {m, 11}, 6.82 - 6.75 {m,
. a'\‘dk“S Iécﬁ“c e 1H), 3.96 (brt, } = 4.2 Hz, 2H),
'V“;d“;ne'l' 3.72 (brs, 2H), 3.28 — 3.12 {m,
p"'as 4H), 2.11 - 2.04 {m, 2H), 1.99
o {t, 1= 19.1 Hz, 3H), 1.77 - 1.49
Epi} {m, 2H}, 1.20 (s, 3H), 0.48 (s,
& 3H)
Pyridine
{using 1H NMR {500 MHz, DMSO-d6)
compound 811.16(s, 1H}, 9.05 {brs, ZH},
¥ obtained .14 (d, J = 5.4 Hz, 1H), 6,91 {d,
from MeEt =54 Hz, 1H}, 6.87 (s, 1H)},
206 isomer 2 416.4 6.79 (s, 1H), 4.15-3.57 {m,
and Specific 4H}, 3.28 - 3.10 {m, 4H}, 2.14 -
pyridine 1 2.04{m, 2H}, 1.99{t, § = 15.1
as Hz, 3H), 1.81 — 1.46 {m, 2H),
compound 1.20 (s, 3H), 0.48 {t, } = 7.3 Hz,
)] 3H}
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Pyridine

376.2

1H NMR {600 MHz, DMS0O-d6}
8§ 11.20{s, 1H), 9.71 - 8.96 {m,
2H), 8.15 (d, § = 5.3 Hz, 1H),
2.09{d, 1=12.3 Hz, 1H}, 6.83
{d, F=5.3 Hz, 1H}, 3.73 -3.54
{m, 4H}, 3.22 - 3.16 {m, 4H),
1.16 (brs, 6H}

Pyridine

373,5;
375,8

1H NMR {DMSO-d6, 500 MHz):
8 {ppm) 11.16 (s, 1H), 9.00-9.65
{m, 2H), 8.18 (d, J = 5.4 Hz, 1H},
7.89{(dd, = 2.2, 1.5 Hz, 1H),
7.37{d, 1= 5.6 Hz, 1H}, 7.20 {d,
1=1.2 Hz, 1H), 5.04 (br s, 2H),
4.36-4.52 {m, 2H), 2.93-3.42
{m, 5H}, 1.28-1.32 {m, 6H)

R

10

15

Table 1:

Specific PKC-theta inhibitor compounds of the disclosure.

in another aspect the invention provides a pharmaceutical composition comprising a compound

according 1o this disclosure.

PKC-theta Activity, Prodrugs and Metabolites of Compounds

PKC-theta is selectively expressed in T lymphocytes and plays an important role in the T cell

antigen receptor (TCR)-triggered aclivation of mature T celis, and the subseqguent release of

cytokines such as IL-2 and T cell proliferation (Isakov and Aliman, Annu. Rev. immunol., 2002,

20, 761-94). Thus, reduction of IL-2 levels is indicative of a desirable response that could provide

a treaiment of diseases and disorders as described herein, such as auioimmune and oncological

disease.
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Due to iis involvement in T-cell aclivation, selective inhibition of PKC-thela may reduce harmiul
inflammation medialed by Thi17 {mediating autcimmune diseases) or by Th2 (causing allergies)
(Madouri et al, Journal of Allergy and Clinical Immunology. 138 (58): 2007, pp 1650~
1666). without diminishing the ability of T celis o get rid of viral-infecied celis. inhibifors could
be used in T-cell medialed adaptive immune responses. inhibition of PKC-theta downregulates
transcription factors (NF-kB, NF-AT) and resuits in lower production of {L-2. it was observed that
animals without PKC-thela are resistant fo some autoimmune diseases. (Zanin-Zhorov et
al., Trends in Immunology. 2011, 32(8): 358-3863). PKC-theta is therefore an interesting target
for poiential cancer and autoimmune therapies.

Studies in PKC-theta-deficient mice have demonstraied that while anliviral responses are
independent of PKC-thela aclivily, T cell responses associated with autoimmune diseases are
PKC-thela-dependent (Jimenez et al,, J. Med. Chem. 2013, 58(5) pp 1799-1810). Thus, potent
and selective inhibition of PKC-theta is expecied {0 block autoimmune T cell responses without
compromising antiviral immunity. However, the simifarity of the PKC isoforms, particularly PKC-
delia, and seleclivily over other profein kinases represents a challenge io the development of a
suitable PKC-inhibitor for clinical use.

in order 1o address such concerns, in aspects and embodiments, compounds (or ‘active agents’)
of the disclosure may beneficially provide a potent and selective (having a selectivily of greater
than 5-fold, preferably greater than 20-fold by a suitable measure, such as plC50 in a suitable
assay) PKC-theta inhibition over other PKC-isoforms, such as PKC-delta, and other kinases.

The active agenis or compounds of the present invention may be provided as prodrugs of
compounds of the disclosure.

The term ‘active agent’ is typically used io refer to a compound according to the disclosure which
has inhibition activity against PKC-theia; especially under physiological conditions. However, it
is often the case that the active agent may be difficult to administer or deliver to the physiological
site of relevance, e.g. due 1o solubility, half-life or many other chemical or biological reasons.
Therefore, it is known {o use ‘prodrugs’ of the active agent in order to overcome physiochemical,
biological or other barriers in drug efficiency and/or toxicity.

An active ageni may be formed from a compound or prodrug of the disclosure by metabolism of

the drug in vivo, and/or by chemical or enzymatic cleavage of the prodrug in vivo. Typically, a
prodrug may be a pharmacoiogically inactive compound that requires chemical or enzymatic
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transformation {o become an effective, active agent inside the body in which it is intended {o have
its therapeutic effect. On the other hand, since a prodrug may, in some embodiments, have very
close structural similarity to the active agent, in some such embodiments, the prodrug may also
have activity against the PKC-theta farget. This may be particularly the case where the active
agent is formed from a compound of prodrug of the disclosure by metabolism or a minor chemical
transformation, such that the metabolite is closely related to the parent compound / prodrug.
Accordingly, prodrugs of the disciosure may be active inhibitors of PKC-theta. Suiiably, however,
such prodrugs may be characlierised by having lower inhibition aclivily against PKC-theta than
the drug / active agent that is derived from the prodrug of the disclosure.

On the other hand, where the therapeutic effect is derived from the release of the active agent
from a larger chemical entily, then the eveniual adlive agent / compound /7 drug may have
significant structural differences compared 1o the prodrug from which it was derived. in such
cases, the prodrug can effectively ‘'mask’ the form(s) of the active agent, and in such cases the

prodrug may be completely (or essentially) completely inactive under physiclogical conditions.

Dosage Forms, Medicaments and Pharmaceuticals

The compounds, molecules or agents of the disclosure may be used to treat {e.g. cure, glleviate
or prevent) one or more diseases, infections or disorders. Thus, in accordance with the
disclosure, the compounds and molecules may be manufactured into medicaments or may be
incorporated or formulated into pharmaceutical compositions.

The molecules, compounds and compositions of the disclosure may be adminisiered by any
convenient route, for example, methods of administration inciude intradermal, intramuscular,
intraperitoneal, intravenous, subcutaneous, intranasal, epidural, oral, sublingual, infranasal,
intravaginal, transdermal, rectally, by inhalation, or iopically to the skin. Delivery systems are also
known to include, for example, encapsulation in liposomes, microgels, microparticles,
microcapsules, capsules, etc. Any other suitable delivery system known in the ari is also
envisioned in use. Administration can be systemic or local. The mode of administration may be
lefi o the discretion of the praciitioner.

The dosage adminisiered will, of course, vary depending upon known factors, such as the
pharmacodynamic properties of the pariicular active agent; the chosen mode and route of
administration; the age, health and weight of the recipient; the nature of the disease or disorder
{o be treated; the exdent of the sympioms; any simultaneous or concurreni ireatments; the
frequency of treatment; and the effect desired. In general, a daily dosage of active agent of
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between about 0.001 and about 1,000 mg/kg of body weight can be expecied. For somes
applications, the dosage may suitably be within the range of about 0.01 {0 about 100 mg/kg;
between about 0.1 {0 about 25 mg/kg, or between about 0.5 and 10 mg/kg.

Depending on known factors, such as those noted above, the required dosage of the active agent
may be administered in a single daily dose, or the tolal daily dosage may be adminisiered in
divided doses of e.g. two, three, or four times daily. Suilably, the therapeutic treatment regime
according to the disclosure is devised for a single daily dose or for a divided daily dose of two
doses.

Dosage forms of the pharmaceutical compositions of the disclosure suitable for administration
may contain from about 1 mg {o about 2,000 mg of the active ingredient per unit. Typically, the
daily dosage of compounds may be at least about 10 mg and at most aboui 1,500 mg perhuman
dose; such as belween about 25 and 1,250 mg or suitably between about 50 and 1,000 mg.
Typically, the daily dosage of compounds may be at most about 1000 mg. In such compositions
the compound of the invention will ordinarily be present in an amount of about 0.5-85% by weight
based on the total weight of the composition.

The ‘effective amount’ or 'therapeutically effective amount’ is meant to describe an amount of
compound or a composition of the disclosure that is effective in curing, inhibiting, alleviating,
reducing or preventing the adverse effects of the diseases or disorders 1o be treated, or the
amount necessary to achieve a physiological or biochemically-detectable effect. Thus, at the
effective amount, the compound or agent is abie o produce the desired therapeutic, ameliorative,
inhibitory or preventative effect in relation to disease or disorder. Beneficially, an effective amount
of the compound or composition of the disclosure may have the effect of inhibiting PKC-iheta.
Diseases or disorders which may benefit from PKC-theia inhibition include, for exampie,
autoimmune disorders, inflammatory diseases, cancers and/or oncologic diseases, such as
rheumaiocid arthrilis, mulliple sclerosis, psoriasis, Sjogren's syndrome and systemic lupus
erythematosus or vasculitic conditions, cancers of hematopoietic origin or solid tumors, including
chronic myelogenous leukemia, myeloid leukemia, non-Hodgkin lymphoma and other B cell
lymphomas.

For therapeutic applications, the effective amount or therapeutically effective amount of a
compound / active agent of the disclosure may be at least about 50 nM or al least about 100 nM;
typically al least about 200 nM or at least about 300 nM in the biood of the subject. The effective
amount or therapeutically effective amount may be at most about 5 pM, at most about 3 pM,
suitably at most about 2 pub and typically at most about 1 pM in the blood of the subject. For
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example, the therapeutically effective amount may be at most about 500 nM, such as between
asbout 100 nM and 500 nM. In some embodiments the amount of therapeutic compound is
measured in serum of the subject and the above concentrations may then apply o serum
concentration of the compounds of the disclosure.

When adminisiered 10 a subject, a compound of the disclosure is suitably administered as a
component of a composition that comprises a pharmaceutically acceplable carrier or vehicle.
One or more additional pharmaceutical accepiable carrier (such as diluents, adjuvanis,
excipients or vehicles) may be combinad with the compound of the disclosure in a pharmaceutical
composition. Suitable pharmaceutical carriers are described in "Remingfon's Pharmaceutical
Scignces” by E. W. Martin. Pharmaceutical formulations and compositions of the disclosure are
formulated {o conform {o regulatory standards and according to the chosen route of
administration.

Acceptable pharmaceutical vehicles can be liguids, such as waler and oils, including those of
petroleum, animal, vegetable or synthelic origin, such as peanut oil, soybean oil, mineral oii,
sesame oil and the like. The pharmaceutical vehicles can be saline, gum acacia, gelatin, starch
paste, talc, keratin, colloidal silica, urea, and the like. In addition, auxiliary, stabilising, thickening,
lubricating and colouring agents may be used. When administered ic a subject, the
pharmacetutically acceptable vehicles are generally sterile. Water is a suitable vehicle when the
compound is to be administered intravenously. Saline solutions and agueous dexirose and
glycerol solutions can also be employed as liguid vehicles, particularly for injeciable solutions.
Suitable pharmaceutical vehicles also include excipienis such as siarch, glucose, laciose,
sucrose, gelatin, mali, rice, flour, chalk, silica gel, sodium stearate, glycerol monosiearate, tale,
sodium chioride, dried skim milk, glycerol, propylene, glycol, water, ethanol and the like. The
present compositions, i desired, can aiso contain minor amounits of wetling or emuisifying
agents, or buffering agents.

The medicamenis and pharmaceutical compositions of the disclosure can iake the form of
solutions, suspensions, emulsion, tableis, pills, peliets, powders, gels, capsules (for example,
capsuies containing liquids or powders), modified-release formulations (such as slow or
sustained-release formulations), supposiiories, emuisions, aerosols, sprays, suspensions, or any
other form suitable for use. Other examples of suilable pharmaceutical vehicles are described in
Remington's Pharmaceutical Sciences, Alfonso R. Gennaro ed., Mack Publishing Co. Easion,
Pa., 18th ed., 1885, see for example pages 1447-1676.
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Suitably, the therapeutic compositions or medicaments of the disclosure are formulated in
accordance with rouline procedures as a pharmaceutical composition adapted for oral
administration {more suitably for humans). Compositions for oral delivery may be in the form of
tablets, lozenges, agueous or oily suspensions, granules, powders, emulsions, capsules, syrups,
or elixirs, for exampie. Thus, in one embodiment, the pharmaceuticaily acceptable vehicle 15 a
capsuie, tablet or pill.

Orally administered compositions may contain one or more agenis, for example, sweetening
agents such as fructose, aspariame or saccharin; flavouring agents such as peppermini, oif of
wintergreen, or cherry; colouring agents; and preserving agents, 1o provide a pharmaceutically
palatable preparation. When the composition is in the form of a tablet or pill, the compositions
may be coated to delay disintegration and absorption in the gastrointestinal fract, so as o provide
a sustained release of active agent over an exiended pericd of time. Selectively permeable
membranes surrounding an osmetically active driving compound are also suitable for orally
administered compositions. In these dosage forms, fluid from the environment surrounding the
capsuie is imbibed by the driving compound, which swelis o displace the agent or agent
composition through an aperture. These dosage forms can provide an essentially zero order
delivery profile as opposed {o the spiked profiles of immediate release formulations. A time delay
material such as glycerol monostearate or glycerol siearaie may aiso be used. Oral compaositions
can include standard vehicles such as mannitol, lactose, starch, magnesium stearale, sodium
saccharine, cellulose, magnesium carbonate, eic. Such vehicles are preferably of pharmaceutical
grade. For oral formulations, the location of release may be the stomach, the small inlestine (the
ducdenum, the jejunem, or the ileum), or the large infestine. One skilled in the art is able fo
prepare formuiations that will not dissolve in the stomach yet will release the material in the
duodenum or elsewhere in the intestine. Suitably, the release will avoid the deleterious effecis of
the stomach environment, either by protection of the compound (or composition} or by release of
the compound (or composition) beyond the stomach environment, such as in the intestine. To
ensure full gastric resistance a coating impermeable 1o at least pH 5.0 would be essential.
Examples of the more comimon ineri ingredienis that are used as enteric coalings are celiulose
acetate trimellifaie (CAT), hydroxypropyimethylcellulose phthalate (HPMCP), HPMCP 50,
HPMCP 55, polyvinyl acetate phthalaie (PVAP), Eudragit L30D, Aguateric, cellulose acetate
phihalate (CAP), Eudragit L, Eudragit S, and Shellac, which may be used as mixed films.

While it can be beneficial to provide therapeutic compositions and/or compounds of the disclosure
in a form suitable for oral administration, for exampie, fo improve patient compliance and for ease
of administration, in some embodiments compounds or compositions of the disclosure may cause
undesirable side-effecis, such as iniestinal inflammation which may lead {o premature
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termination of a therapeutic treaiment regime. Thus, in some embodiments, the therapeutic
treatment regime is adapted fo accommodate ‘reatment holidays’, e.g. one or more days of non-
adminisiration. For exampile, treatment regimens and therapeutic methods of the disclosure may
comprise a repetitive process comprising adminisiration of the therapeutic composition or
compound for a number of consecutive days, followed by a ireatment holiday of one or more
consecutive days. For example, a treatment regime of the disclosure may comprise a repetitive
cycle of adminisiration of the therapeutic composition or compound for between 1 and 48
consecutive days, between 2 and 42 days, between 3 and 35 days, beilween 4 and 28 days,
hbetween 5 and 21 days, between 6 and 14 days, or between 7 and 10 days; followed by a
treaiment holiday of between 1 and 14 consecutive days, between 1 and 12 days, between 1
and 10 days, or between 1 and 7 days {&.g. 1, 2, 3, 4, 5, 6 or 7 days).

To aid dissolution of the therapeutic agent into the aqueous environment a surfactant might be
added as a welling agent. Surfactants may include anionic delergents such as sodium lauryl
suifate, dicctyl sodium sulfosuccinate and diociy! sodium sulfonate. Cationic detergents might be
used and could include benzalkonium chioride or benzethomium chioride. Potential nonionic
detergents that could be included in the formulation as surfactants include: lauromacrogol 400,
polyoxyl 40 stearate, polyoxyethylene hydrogenated casior oil 10, 50 and 860, glycerol
monosiearate, polysorbate 20, 40, 60, 65 and 80, sucrose fatty acid ester, methyl celiulose and
carboxymethyl cellulose. These surfaclants, when used, could be present in the formulation of
the compound or derivative either alone or as a mixiure in different ratios.

Typically, compositions for intravenous administration comprise sterile isotonic aqueous buffer.
Where necessary, the compositions may aiso include a solubilising agent.

Another suitable route of administration for the therapeutic compositions of the disclosure is via
pulmonary or nasal delivery.

Additives may be included to enhance celiular uptake of the therapeutic agent of the disclosure,
such as the faity acids oleic acid, linoleic acid and linclenic acid.

The therapeutic agenis of the disclosure may also be formulaled into compositions for topical
application 1o the skin of a subject.

Where the invention provides more than one active compound / agent for use in combination,
generally, the agents may be formulated separately or in a single dosage form, depending on the
prescribed most suilable administration regime for each of the agenis concemned. When the
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therapeutic agenis are formulated separately, the pharmaceutical compositions of the invention
may be used in a treaiment regime involving simultaneous, separate or sequential administration
with the other one or more therapeutic agent. The other therapeutic ageni(s) may comprise a
compound of the disclosure or a therapeutic agent known in the art).

The compounds and/or pharmaceutical compositions of the disclosure may be formulated and
suitable for adminisiration to the ceniral nervous system (CNS) and/or for crossing the biood-
brain barrier (BBE).

The invention will now be described by way of the following non-limiting examples.

EXAMPLES

Materials and Methods

Sample preparation: Powders were solubilized in DMSO-ds, vortexed vigorously until the
solution was clear and transferred 1o a NMR tube for data acquisition.

NMR spectroscopy:

Liquid-state NMR experiments were recorded on a 600 MHz (14.1 Tesla) Bruker Avance Il NMR
spacirometer (800 MHz for 'H, 151 MHz for "*C) using a triple-resonance H,"5SN,*C CP-TCI 5
mm cryoprobe (Bruker Biospin, Germany).

Liguid-siate NMR experiments were recorded on a 500 MMz (11.75 Tesla) Bruker Avance | NMR
spectrometer (500 MMz for 'H, 125 MMz for °C) using a Dual Resonance BBl 5 mm probe
(Bruker Biospin, Germany).

Liguid-state NMR experiments were recorded on a 400 MHz (8.4 Tesla) Bruker Avance NEO
NMR spectrometer (400 MHz for 'H, 100 MHz for °C) using a SEI 5 mm probe (Bruker Biospin,
Germany).

All the experimenis used for the rescnance assignment procedure and the elucidation of the
products structure (1D 'H, 2D "H-"H-COSY, 2D "H-'"H-ROESY, 2D 'H-"*C-HSQC, 2D 'H-*C-
HMBC) were recorded at 300 K. "H chemical shifts are reported in & (ppm) as s (singlet), d
(doubiet), 1 (triplel}, g (quartet), dd (doubie doubiet), m (multiplet) or br s (broad singlet)
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LCMS chromatography:

LCMS chromatography were recorded the following apparatus using:

PCT/GB2022/051166

- Waters HPLC : Alliance 2885, UV : PDA 986, MS : ZQ (simple Quad) ZQ2

- Waters UPLG : Acguity, UV : Acquity PDA, MS : Qda
- Waters UPLC : Acquily, UV : Acquity TUV, MS : Qda
- Waters UPLG : Acguity, UV : Acquity PDA, MS : QDa, ELSD

The apparatus was tesied using a column Gemini NX-C18 Phenomenex (30 x 2 mm) 3um for
the Walers HPLC ora CSH C18 Watlers (50 x 2.1 mmy), 1,7 um for the UPLC Waters, All of them
used a combination of the following eluents: H20 + 0.05% TFA (vv) and ACN + 0.035% TFA
(v/v} and a positive elecirospray ES+ as ionization mode. The UV deiection was set up at 220

and 254 nm.

Temperatures are given in degrees Celsius (°C). The reactants used in the examples below may

be obtained from commercial sources or they may be prepared from commercially available

starting materials as described herein or by methods known in the art. All of the compounds of

the invention are synthesized according 1o the Examples described herein. The progress of the

reactions described herein were followed as appropriate by e.g. LC, GC or TLC, and as the skilled

person will readily realise, reaction times and {emperatures may be adjusted accordingly.

Chiral purification:

Method A:

instrument: Waters Prep SFC80;

Stationary Phase: Chiralcel OJ-H 5pm, 250 x 21mm
Mobile phase: COz / (EtOH + 0.5% IPAm) 80/20
Fiowrate: 50 ml/min

UV detection: A=210 nm

Temperature: 40°C - Pressure: 100 bars

Method B:

instrument: Waters Prep SFC80;

Stationary Phase: Chiralcel GJ-H 5um, 250 x 20mm
Mobile phase: CO2 / (EIOH + 0.5% IPAm) 70/30
Flowrate: 50 ml/min

UV detection: A=210 nm
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Temperaiure: 40°C - Pressure: 100 bars

Abbreviations

PCT/GB2022/051166

in addition {o the definitions above, the foliowing abbreviations are used in the synthetic schemes

above and the examples below. If an abbreviation used herein i3 not defined, it has its generally

accepied meaning:

Ac
ACN
AcOH
Boc
BocO
BzBr
DCM
DIPEA
DMAP
DMF
DMSO
Et

il
EtCAc
EisN
EtOH
EtO

h

H20
HCl
KOAe
KOtBu
LiAlH4
LIHMDS
LiBH4
min
Me
MeCN

Acetyl

Acetonitrile

Acetic acid
fert-butyloxycarbonyl
Di-tert-buty! Dicarbonate
Benzyl bromide
Dichioromethane
Diisopropylethylamine
4-Dimethylaminopyridine
Dimethyl formamide
Dimethylsuifoxide

Eihyl

Ethyl iodide

Ethyl acetate
Triethylamine

Ethanol

Diethyi ether

hour

waler

Hydrochioric acid
Potassium acelale
Potassium terbutoxide
Lithium aluminium hydride
Lithium bis{irimethyisilybamide
Lithium borchydride
minutes

Methyl

Acetonilrile
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MeO or OMe
MeOH
MgSCu
MS
MaBHsCN
NaQAc
MaOH
NaCGiBu
Na:COs
Na:S04
nBuLi
NaH
NaHCOs
NH.C
NHHCO2
ovnt
Pd(CAc)
P4{OH)
Pd(PPhs)s
Pd{dppfHiCh
Ph

Pyr

rt

i-Buli
{-BuOH
TFA

THF
TMEDA
Xaniphos

Methy! iodide

Methoxy

Methanol

Magnesium sulfate

Mass specirometry

Sodium cyanoborohydride

Sodium acetate

Sodium hydroxide

Sodium terbutoxide

Sodium carbonate

Sodium sulfate

n-Buiy! Lithium

Sodium hydride

Sodium bicarbonate

Ammonium chioride

Amonium formate

overnight

Palladium Acetale

Palladium hydroxide
tetrakistriphenyiphosphine palladium
bis{diphenyiphosphino)ferrocene] dichloropalladium(il}
Phenyi

Pyridine

Room temperature (18 to 22 °C)
terbutyl lithium

Terbutanol

Trifiuoroacetic acid

Tetrahydrofuran
Tetramethylethylenediamine
4,5-Bis(diphenyiphosphino)-9,8-dimethylxanthene
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Example 1 — Chemical Synthesis Routes

Scaffoids

Dimethyl Scaffold Synthesis

Synthesis of 4-bromo-3,3-dimethyl-1H-pyrrole[2,3-blpyridin-2-cne

) HN N
HN N\ O | h
le] | P ~Z
HC
CHs gy

in a 250 ml three-necked round bottom flask, 1 M lithium bis{rimethyisilyl)amide solution (33
mi, 33.4 mmol, 3.8 eq.) was added dropwise via an additional funnel to a solution of 4-bromo-
1,3-dihydro-2H-pyrrolof2,3-blpyridin-2-one (2.00 g, 8.2 mmol, 1 eq.) in anhydrous THF (44 mL,
0.2 Nj at -78°C. The mixture was stirred at -78°C for 10 min. Then iocdomethane (1.4 mi, 223
mmol, 2.5 eq.) was added. The reaction was allowed {o warm up o room temperature and stirred
at room temperature for 1h. Then a saturated aqueous solution of NH.Cl and ethyl acetate were
added. The two phases were separated and the aqueous phase was exiracied with ethyl
acetate. Combined organic phases were dried over Na:S0q, filtered and evaporaled {o give
crude product. The crude material was purified by flash chromatography on silica gel using a
gradient of dichioromethane/ ethyl acetate. it was transferred via solid phase on Dicalite.
Relevant fractions were collected and concentraled under vacuum {o afford 4-bromo-3,3-
dimethyl-1H-pyrrolo[2,3-blpyridin-2-one as a pale yellow powder (83% Yield). 'H NMR (DMSO-
ds, 400 MHz): 6 {ppm) 11.26 (s, 1H), 7.95 (d, J=5.7 Hz, 1H), 7.19 (d, J=5.7 Hz, 1H), 1.38 (s, 6H);
miz = 241.2, 243.2 [M+H}.

Synthesis of 4-bromo-3,3-dimethyl-1-tetrahydropyran-2-yk-pyrrolo[2,3-blpyridin-2-one

N N N N\
o | —_—  © |
P, L’
H,C
H,C CH, g 37 CH, g

in a 20 mL microwave vial, 3,4-dihydro-2H-pyran (0.68 mL, 7.47 mmol, 3 eq.) was added to a
stirred solution of 4-bromo-3,3-dimethyi-1H-pyrrolo|2, 3-b]pyridin-2-one (6800 mg, 2.49 mmol) and
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p-toluene sulfonic acid hydrate (85 mg, 0.498 mmol, 0.2 eq.) in anhydrous toluens (12 mL, 0.2
Nj. The reaction was stirred at 80°C for 5h. The solvent was removed under vacuum 1o give
crude material as an orange oll. The crude material was purified by flash chromatography on
silica gel using a gradient of heptane / ethyl acetate. Relevant fraclions were collected and
concenirated under vacuum 1o afford 4-bromo-3,3-dimethyl-1-tetrahydropyran-2-yi-pyrrolof2,3-
blpyridin-2-one (750mg, 83% Yield). 'H NMR (DMSO-ds, 400 MHz): 8 (ppm) 8.07 (d, /=58 Hz,
1H), 7.32 {d, J=5.6 Mz, 1H), 5.40 (dd, J=11.3, 2.1 Hz, 1H), 3.97 {d, J=10.8 Hz, 1H), 3.56 (gd,
J=11.2, 10.8, 5.0 Hz, 1H), 2.85 (gd, J=13.7, 12.7, 3.8 Hz, 1H), 2.01 - 1.86 (m, 1H), 1.68 — 1.48
(m, 4k, 1.42 (s, 8H), m/z = 325.2, 327.0 [M+H+.

Synthesis of 3,3-dimethyl-1-tetrahydropyran-2-vi-4-(4 4,5 5-tetramethyl-1,3,2-dioxaborolan-2-
yiipyrrolo]2,3-bipyridin-2-one

CQ
N ' Na N R
O -
J e X T
HC H,C

CHy 3

A sealed vial was charged under nitrogen with 4-bromo-3,3-dimethyl-1-tetrahydropyran-2-yi-
pyrrolof2,3-blpyridin-2-one (0.75 g, 2.31mimol)}, bis(pinacolato)diboron (0.88 g, 3.46 mmol, 1.5
eq.), potassium acetate (715 mg, 6.92 mmol, 3 eq.) and [1,1-bis(diphenylphosphino)ferrocene]
dichloropaliadium(il), complex with dichloromethane (183 mg, 0.231 mmol, 0.1 eq.) in anhydrous
dioxane (8 mL, 0.3 N). The vial was sealed and degassed with nitrogen. The reaction midure
was stirred at 100°C overnight. The reaction mixture was fillered through a pad of Dicalite and
the filtrate was evaporated 1o dryness {0 give crude material as a dark oil. The crude preduct was
purified by flash chromatography on silica gel using a gradient of heptane / ethyl acetate.
Relevant fractions were collected and concentrated under vacuum to afford 3,3-dimethyl-1-
tetrahydropyran-2-yl-4-(4,4,5, 5-tetramethyi-1,3,2-dioxaborolan-2-ylpyrrolo{2,3-bjpyridin-2-one
{480mg, 57% Yield) as a vellow oil. 'H NMR (DMSO-dk, 400 MHz): 8 (ppm) 8.18 {d, J=5.1 Hz,
1H), 7.24 {d, J=5.1 Hz, 1H), 5.42 (dd, J=11.3, 2.0 Hz, 1H), 3.96 (d, J=11.1 Hz, 1H), 3.64 - 3.44
(m, 1H), 2.89 (d, J=11.4 Hz, 1H), 1.81 (s, 1H), 1.73 —~ 1.46 (m, 4H), 1.40 (5, 6H), 1.35 (s, 12H).
miz = 373.4 [M+H}+
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EthylMethyl Scaffold Svnthesis

Synthesis of 3,4-dibromo-3-methyl-1H-pyrrolo[2, 3-blpyridin-2-one

N

\ HN
N ~
HM ‘ R o ! _
Yz H,C
3 513 8
HsC Br {

To a stirred solution of 4-bromo-3-methyi-1H-pyrrolof2,3-blpyridine (460 mg, 2.07 mmol) in teri-
putanol (16 mi, 0.13 N) was added in small portions pyridinium bromide-perbromide (1.46 g,
4.56 mmol, 2.2 eq.) over 10 min. The reaction was stirred al room temperature overnight. i-
Butanol was removed under vacuum. Water was added folliowed by ethyl acetate. The {wo
phases were separated and the agueous phase was extracled with EiOAc. Combined organic
phases were washed with waler, dried over NaxS04, concentrated under high vacuum to give
3,4-dibromo-3-methyl-1H-pyrrolo[2,3-bjpyridin-2-one (680mg, 96% Yield) as a white solid. 'H
NMR (DMSO-ds, 400 MHz): & (ppm) 11.77 (s, 1H), 8.04 (d, J=5.7 Hz, 1H), 7.32 (d, J=5.7 Hz,
1H), 2.07 (s, 3H); (product not stable in LCMS)

Synthesis of 4-bromo-3-methyl-1,3-dihydropyrrolof2,3-blpyridin-2-one

%] N N
HN Ny HN NS
o | 0 |

- > ~
e Br gy H;C Br

in a 50 mb round-botiomed flask, at room iemperature, zinc powder (847 mg, 13.0 mmol, 2 eq.)
was added in portions {o a stirred suspension of 3 4-dibromo-3-methyl-1H-pyrrolof2, 3-bipyridin-
2-one (2.00 g, 6.01 mmol) in a mixiure of methano! (30 mL) and acetic acid (15 mi). The reaction
was stirred ai room temperature for 10 min. The mixiure was neutralized with an agueous
solution of NaHCOs; until pH=6. The solution was filtered and the aqueous phase was exiracted
with EtOQAc. Combined organic phases were washed with brine, dried over Nax30,, fillered and
evaporated to give 4-bromo-3-methyl-1,3-dihydropyrrolo]2,3-blpyridin-2-one  (1.08g, 76%
Yieid) as a white solid. 'H NMR (DMSO-ds, 400 MHz): & (ppm) 11.22 (3, 1H), 7.95 (dd, J=5.7,
0.8 Hz, 1H), 7.18 (d, J=5.7 Hz, 1H), 3.866 ~ 3.49 (m, 1H), 1.43 (d, y=7.8 Hz, 3H); m/z = 2271,
229.1 [M+H}+,
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Synthesis of 4-bromo-3-ethyl-3-methyl-1H-pyrrolo]2, 3-blpyridin-2-one (MeEt)

HN AN
o I
=
H,C Br

At -78°C, under an argon siream, 1 M lithium [bis(trimethylsilyl)amide] solution (2.2 mL, 2.16
mmol, 2 eq.} was added dropwise {0 a solution of 4-bromo-3-methyl-1,3-dihvdropyrrolo}2,3-
bipyridin-2-one (350 mg, 1.08 mmol) in anhydrous tetrahydrofuran (2.7 mL, 0.4 N). The reaction
was stirred at -78°C for 10 min. Then iocdoethane (0.087 mL, 1.08 mmol, 1 eq.) was added and
the mixiure was stirred at room temperature under argon stream for 1h. Then an agqueocus
solution of HCI 1N was added slowly 1o reach pH 6-7 followed by ethyl acetate. The two phases
were separated and the aqueous phase was exiracied with ethyl acetate. Combined organic
phases were dried using a phase separator and evaporated {0 give crude material as an orange
solid. The crude material was purified by flash chromatography on silica gel using a gradient of
heplane / ethyl acetate. it was transferred via solid phase. Relevant fractions were collected and
concentrated under vacuum 1o afford 4-bromo-3-ethyl-3-methyl-1H-pyrrolof2,3-bipyridin-2-one
{155mg, 56% Yield) as a beige powder. 1H NMR (400 MHz, DMSO-d6) & 11.30 (s, 1H), 7.96 (d,
=87 Hz, 1H), 7.21(d, J= 5.7 Hz, 1H), 221 - 2.05 (m, 1H), 1.77 (dg, J = 14.7, 7.4 Hz, iH),
1.38 {3, 3r, 850 ¢, J= 7.4 Hz, 3H); m/z = 255.1, 257 1 [M+H]+.

The two enantiomers were oblained from chiral separation of the racemic midure is SFC
conditions.

instrument: Novasep SFC Superprep

Stationary Phase: Chiralpak AD-H 20um, 300 x 50mm

Mobile phase: CO. / MeOH 73/27

Flowrate: 1000 g/min UV detection: A=295 nm

Temperaiure: 45°C

Pressure: 130 hars

Sample: dissolution in MeOH

it (MeEt isomer 1) = 4.74 min and i (MeE! isomer 2) = 7.06 min

The S-isomer has been arbitrarily assigned as MeEt isomer 1 and the R-isomer has been
arbitrarily assigned as MekEtl isomer 2. The same nomenclaiure has been used {o describe all
related derivatives.
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The nexd sieps were the same for racemic mixture and the pure enantiomers. The boronic esters
synthesis will be described for the racemic mixture.

Synthesis of 4-bromo-3-ethyl-3-methyl-1-ietrahydropyran-2-vi-pyrrolo] 2, 3-blpyridin-2-one

H,C

A 50 mL vial was charged with 4-bromo-3-ethyl-3-methyl-1H-pyrrolo]2,3-bjpyridin-2-one (2.14 g,
6.79 mmol), 3,4-dihydro-2H-pyran (1.9 mL, 20.4 mmol, 3 eq.), and p-toluene suifonic acid hydrate
(271 mg, 1.43 mmol, 0.2 eq.) in anhydrous toluens (34 mbL, 0.2 N). The reaction mixture was
stirred at 80°C overnighi. The reaction mixdure was cooled to rcom temperature. Then water was
added and the reaction midure was axiracted with EIOAc. Combined organic layers were dried
using a phase separator and concentrated under vacuum 1o give crude material as an orange
solid. The crude material was purified by flash chromatography on silica gel using a gradient of
Cyclohexane/ EIOAc. 1t was transferred via solid phase on Dicalite. Relevant fractions were
collected and concentrated under vacuum to afford 4-bromo-3-ethyl-3-methyl-1-tetrahydropyran-
2-yl-pyrrolo]2,3-bjpyridin-Z-one (1.45 g, 62.951% Yieid) as a yellow oil. 1H NMR (400 MHz,
DMSO-dB) 5 8.08 (d, = 5.6 Hz, 1H), 7.33 (d, J = 5.7 Hz, 1H), 5.42 (dd, J = 11.4, 1.8 Hz, 1H),
3.97 (d, J = 10.8 Hz, 1H), 3.54 ({1, J = 11.2, 2.9 Hz, 1H), 2.86 (pd, J = 13.1, 3.9 Hz, 1H), 2.18
(ddh, J = 15.0, 7.5, 3.5 Hz, 1H), 1.93 (d, J = 10.8 Hz, 1H), 1.81 (dad, J = 14.7, 7.3, 1.7 Hz, 1H),
1.69-145(m, 4H), 1.40(d, J=0.8Hz, 3H), 045 ¢ J=7.4 Hz, 3H). m/z = 338.9, 340.8 [M+Hi+.

Synthesis of 3-ethyl-3-methyl-1-tetrahydropyran-2-yi-4-(4 4 5, 5-tetramethyi- 1,3, 2-dioxaborolan-
2-yhpyrrolof2,3-blpyridin-2-one

) B - . o: P
= P
H.C H,C !
Br N B,
,C HC oo
dtcu
M onen,

in a 20 mL microwave-vial were introduced bis{pinacolatojdiboron {(2.19 g, 8.61 mmol, 2 eq.),
potassium acelale {(1.33 g, 12.9 mmol, 3 eq.), 4-bromeo-3-ethyl-3-methyl-1-letrahydropyran-2-yi-
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pyrrolof2,3-blpyridin-2-one (1460 mg, 4.30 mmol} and [1,1-bis({diphenylphosphino)ferrocene]
dichloropaHadium(ll), complex with dichloromethane (352 mg, 0.430 mmol, 0.1 eq.) in anhydrous
dioxane (43 mi, 0.1 N). The mixiure was degassed with nitrogen and then stirred at 106°C for
2h. The reaction mixture was allowed {o reach room temperature and fillered through a Dicalite
pad. The Dicalite was washed with E{QOAc. Combined organic layers were concentrated under
vacuum to give crude matlerial as a brown oil. The crude material was purified by flash
chromatography on silica gel using a gradient of Cycichexane/ EtOQAc. i was transferred via solid
phase on Dicalite. Relevant fractions were collected and concentrated under vacuum to afford 3-
ethyl-3-methyl-1-tetrahydropyran-2-yi-4-(4 4.5 5-tetramethyl- 1,3, 2-dioxaborolan-2-ylpyrrolo2,3-
blpyridin-2-one (1.08 g, 52 % Yield) as a pale yeliow oil. "H NMR (DMSC-ds, 400 MHz): & (ppmy)
8.18(d, J=5.2 Hz, 1H), 7.25 (d, J=5.1 Hz, 1H), 5.43 (dd, J=11.4, 2.0 Hz, 1H), 3.98 (d, J=11.1 Hz,
tH), 3.84 - 348 (m, 1H), 3.01 - 2.79 {m, 15}, 2.33 - 218 {m, 1H), 1.83 (4, J=11.0 Hz, 1H), 1.87
—1.73 (m, 2H), 1.71 - 1.43 (m, 6H), 1.34 (s, 12 H), 0.38 (1, J=7.4 Hz, 3H); m/z = 387.0 [M+H}+.

Me/OH Scaffold Synthesis

Synthesis of 4-bromo-3-hydroxy-3-methyl-1H-pyrrolo[2,3-blpyridin-2-one (OHMe)

. N
H N HN
HN o N o |
e | P =
e OH
H,C 8r oo

A round bottom flask was charged with sodium hydride (80%, 203 mg, 5.09 mmol, 1.1 eqg.) in
THF (10 mbL) under N2, The mibdure was cooled down to 0°C and 4-bromo-3-methyl-1,3-
dihydropyrrolof2, 3-blpyridin-2-one (1.05 g, 4.62 mmol) in THF (13 mL) was added dropwise.
Then the reaction was opened and lefl to the air overnight at room temperature, Then an aqueocus
solution of HC! 1N was added. The aguecus phase was exiracted with ethyl acetate. Combined
organic phases were dried over phase separator and evaporaied io give crude maiterial. The
product was trituraied in DCM to afford 4-bromo-3-hydroxy-3-methyl-1H-pyrrolo]2,3-b]pyridin-2-
one {697mg, 62% Yield) as a pale vellow solid. 'H NMR (DMSO-ds, 400 MHz): & (ppm) 11.11 (s,
tH), 7.95 (d, J=5.7 Hz, 1H), 7.18 (d, J=5.7 Hz, 1H), 8.11 (s, 1H), 1.50 (5, 3H); m/z = 243.1, 2451
[M+H]*.

The two enantiomers were oblained from chiral separation of the racemic mixture in SFC
conditions.

instrument: Waters prep SFC Supersep
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Stationary Phase: Chiralpak AD-H 20um, 250 x 50mm

Mobile phase: CO2 / MeOH 87/13

Flowrate: 1000g/min UV detection: A=280 nm

Temperature: 40°C

Pressure: 150 bars

Sample: dissolution in MeOH

i (OMMe isomer 1) = 6.05 min and vt (OHMe isomer 2) = 8.34 min

The S-isomer has been arbitrarily assigned as OHMe isomer 1 and the R-isomer has been
arbitrarily assigned as OHMe isomer 2. The same nomenclature has been used 1o describe all

related derivatives.

The next steps were the same for racemic midure and the pure enantiomers. The boronic eslers
synthesis will be described starting from OHMe isomer 1.

Synthesis of (3R}-4-bromo-3-hydroxy-3-methyl-1-ietrahydropyran-2-yl-pyrrolo|2,3-bjpyridin-2-

Qo

N

HN N N 2
o) | _ o |
M) = WY Z
A :
HiC HiClan

OH ar Br

one

in a sealed vial, 3,4-dihydro-2H-pyran (3.0 mL, 32.8 mmol, 4 eq.) was added {o a stirred solution
of (GR)-4-bromo-3-hydroxy-3-methyl-1H-pyrrolof2,3-bipyridin-2-one (2.00 g, 8.23 mmol} and p-
toluene sulfonic acid hydrate (313 mg, 1.65 mmol, 0.2 eq.) in anhydrous toluene (27 mL, 0.3 N).
The reaction was stirred at 80°C overnighi. Then the mixture was cooled at 0°C and 4 M
hydrogen chioride (4.1 mL, 16.5 mmol, 2 eq.) was added. The mixiure was stirred for 2h at room
temperature. The solution was concentraied under vacuum. Dichloromethane and a saturated
aqueous solution of NaHCO; were added. The agueous phase was exiracted by
dichloromethane. The organic phase was dried on a phase separator and concentrated under
vacuum, The crude material was purified by flash chromatography on silica gel using a gradient
of heptane / EtCAc. Relevant fractions were collected and evaporated {o afford (3R}-4-bromo-
3-hydroxy-3-methyl-1-tetrahydropyran-2-yi-pyrrolof2,3-b]pyridin-2-one (1.02g, 36% Yield). 'H
NMR (DMSO-ds, 400 MHz): & {ppm) 8.07 (dd, J=5.8, 1.2 Hz, 1H), 7.31 (dd, J=5.7, 0.8 Hz, 1H),
6.28 (d, J=6.8 Hz, 1H), 5.37 (dd, J=11.3, 1.9 Hz, 1H), 4.02 -~ 3.80 (m, 1H}, 3.54 (id, J=11.0, 10.6,
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3.2 Hz, 1H), 2.80 — 2.73 (m, 1H), 1.93 (d, J=10.0 Hz, 1H), 1.69 - 1.44 (m, 7H); Wz = 327.0, 328.9
[M+H]+.

Synthesis  of  (3R)-3-hydroxy-3-methyl-1-tetrahydropyran-2-yl-4-{4 4,5, 5-tetramethyi-1,3,2-
dioxaborolan-2-vlipyrrolo{2,3-blpyridin-2-one

Moo N Ny My
0 | ———— e} |
\/ = =
\
H,C
oM g, HClon §
ol
CHLH,

A vial was charged with bis(pinacolato)diboron (640 mg, 2.52 mmol, 1.5 eq.), potassium acetate
521 mg, 504 mmol, 3 eq.), (3R)-4-bromo-3-hydroxy-3-methyl-i-tetrahydropyran-2-yi-
pyrrolof2,3-bljpyridin-Z-one (0.55 g, 1.68 mmol) and [1,1"-bis(diphenylphosphino)ferrocene]
dichloropaliadium(il), complex with dichloromethane (140 mg, 0.168 mmol, 0.1 eq.) in anhydrous
dioxane (5.6 mkL, 0.3N). The vial was sealed and degassed with nitrogen. The reaclion mixiure
was stirred at 100°C for 2h. The reaction mixiure was filered through a pad of Dicalite and the
filtrate was evaporated o dryness 1o give crude material as a dark oil. The crude material was
purified by flash chromatography on silica gel using a gradient of dichloromethane / ethyl acetate.
it was iransferred via solid phase on Dicalite. Fractions were collected and concenirated under
vacuum to afford (3R}-3-hydroxy-3-methyl-i-tetrahydropyran-2-yi-4-(4 4,5 5-tetramethyi-1,3,2-
dioxaborolan-2-yhipyrrolo]2,3-bjpyridin-2-one (211mg, 28% Yield) was obtained as a yeliow gum.
" NMR (DMSO-dk, 400 MHz): 8 (ppi 8.18 (d, J=5.0 Hz, 1H), 7.14 (d, v=5.1 Hz, 1M}, 5.92 (d,
J=6.4 Hz, 1H), 5.38 {d, J=9.9 Hz, 1H), 3.96 (d, J=11.0 Hz, 1H), 3.58 — 3.48 (m, 1H), 2.88 {g,
J213.4, 12.5 Hz, 1+, 1.92 (5, 1F), 1.70 — 1.41 {m, 7H), 1.33 (d, J=7.0 Hz, 12F); m/z = 283.2
[M+H+
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Me/OMe Scafioid Svnthesis

Synthesis of (3R)-4-bromo-3-methoxy-3-methyl-1-tetrahydropyran-2-yl-pyrrolo]2,3-bjpyridin-2-

Q Q

in a 50 mL round-bottomed flask, at 0°C, under nitrogen, sodium hydride (60%, 378 myg, 9.44
mmol, 1.5 eq.) was added ito a stired solution of (3R)-4-bromo-3-hydroxy-3-methyl-1-

one

tetrahydropyran-2-yl-pyrrolo]2,3-blpyridin-2-one (2.06 g, 8.30 mmol) in anhydrous DMF (32 miL,
0.2 N}. The reaction was stirred at room temperature for 30mn. Then 2 M iodomethane in tent-
10 butylmethyl ether (6.3 mL, 12.6 mmol, 2 eq.) was added dropwise al 0°C. The reaction was
stirred at 0°C for 15 min and allowed 1o reach room temperature. After 45 min at room
temperature, the reaction was quenched with walter and E{OAc was added. The two phases were
separated and the aqueous phase was exiracled with EtOAc. Combined organic phases were
washed with waler, dried using a phase separaior and evaporated {o give (3R)-4-bromo-3-
18 methoxy-3-methyi-1-tetrahydropyran-2-yl-pyrrolof2,3-bjpyridin-2-one as an orange gum (1.48q,
B3% Yield). 'H NMR (DMSO-ds, 400 MHz): 6 (ppm) 8.16 (d, J=5.6 Hz, 1H), 7.40 (dd, =58, 0.3
Hz, 1H), 542 (di, J=11.4, 2.6 Hz, 1H), 4.00 — 3.83 (m, 1H), 3.61 -~ 3.48 (m, 1H), 2.91 (s, 3H),
2.87 275 {m, 1), 1.34 (d, /=103 Hz, 1H), 1.70 — 141 (m, 7H); m/z = 3411, 343.1 [M+H+,

20 Synthesis  of  (3R)-3-methoxy-3-methyl-1-etrahydropyran-2-y-4-(4 4,5 5-tetramethyl-1,3,2-
dioxaborolan-2-yiipyrrolo{2, 3-blpyrdin-2-one

A reacti-vial, under a nitrogen atmaosphere, was charged with frivyciohexyiphogphane (458 ;zi..,
25 0.280 mmol, D075 eq.), bis{pinacolaio)diboron ¢1.98 g, 7.78 mmol, 4 eql, GR)-4-bromao-
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methoxy-3-methyi-1-tetrahydropyran-Z-ybpyrraiol2 3-blpyndin-Z-one . {145 g, 387 mmod
and anhydrous dioxane (18 mb, 8.2 N). Then potassium acelate (787 mg, 7.73 mmol, 4 aq)
and tris{dibenzviideneacetone)dipaliadium(0) {188 mg, 0183 mmel, 0.08 e were added. The
reaction was stied at 180°C for 2 h. The solvent was evaporaled. Then water and
dichloromethane were added. The two phases were separated and the agueous phase was
exiracted with dichloromethane. Combined organic phases were dried using a phase separator
and evaporated fo give crude material as an orange gum. The crude material was purified by
flash chromatography on silica gel using a gradient of heptane / ethyl acetate. it was transferred
via solid phase. Relevant fractions were collected and concentrated under vacuum io afford (3R}-
3-methoxy-3-methyl-1-tetrahydropyran-2-yl-4-(4 4,5, 5-tetramethyi-1,3, 2-dioxaborolan-2-
yhpyrrolo]2,3-blpyridin-2-one (665 mg, 43% Yield) as an orange gum. 'H NMR (DMSO-ds, 400
MHz): & {ppmy) 8.26 (d, J=5.1 Hz, 1H}, 7.22 (dd, J=5.1, 1.7 Hz, 1H), 5.42 (ddd, /~=11.4, 5.4, 2.1
Hz, 1H), 4.01 - 3.94 (m, 1H), 3.62 — 3.48 (m, 1H), 2.89 - 2.76 (m, 4H), 1.94 (d, J=11.4 Hz, 1H),
1.73 — 1.46 (m, 7H), 1.33 (d, J=2.6 Hz, 12H); m/z = 307.2 [M+H]+ (acid form).

£1/OH Scaffold Svnthesis

Synthesis of 3-bromo-4-chioro-3-ethyl-1H-pyrrolof2, 3-blpyridin-2-one

ip, M
e,y . Find s
A H.C =
B &

H,C

To a stirred solution of 4-chioro-3-ethyl-1H-pyrrolo[2,3-blpyridine hydrochioride (3.00 g,
13.8 mmol) in teri-butanol (106 mb, 0.13 N} was added in small portions pyridinium bromide-
perbromide (11.05 g, 34.5 mmol) . The reaction was stirred at room temperature during 3h. tert-
hutanol was removed under vacuum. The product was iriturated in waler and fillered to afford 3-
bromo-4-chioro-3-ethyl-1H-pyrrolo] 2, 3-blpyridin-2-one {2.85g, 77% Yield) as a beige solid. 1H
NMR(DMSO-d6, 400 MHz): 0 (ppm) 11.88 (s, 1H), 8.18 (d, J=5.7 Hz, 1H), 7.21 (d, J=5.7 Hz, 1H),
2.84 - 2,56 (m, 1H), 2.47 - 2.23 (m, 1H), 0.62 (¢, J=7.4 Hz, 3H)

Synthesis of 4-chioro-3-ethyl-1,3-dihydropyrrolo|2, 3-bjpyridin-2-one

MM
= P O
-~
Br !
CH HEC

121



WO 2022/234298 PCT/GB2022/051166

10

15

20

25

30

To a stirred suspension of 3-bromo-4-chioro-3-ethyi-1H-pyrrolo{2,3-bipyridin-2-one (2.95 g, 10.7
mmol) in THF (33 mL, 0.3 N), at i, was added zinc (1.05 g, 16.1 mmol) and then water (0.58 mL,
321 mmol) dropwise. The midure was stirred at room temperature during 2h. Then the solution
was filtered under Dicalite to remove gil residue of zinc. The filtrate was concenirated under
vacuum {o afford 4-chioro-3-ethyi-1,3-dihydropyrroio[2,3-blpyridin-2-one (2.1g, 98% Yield) as a
yellow solid; mfz = 197.1, 189.1 [M+H]+.

Synthesis of 4-chioro-3-ethyil-3-hydroxy-1H-pyrroiof2, 3-bipyridin-2-one

An aqueous solution of sodium hydroxide 10N (2.7 mL, 26.7 mmol) was added to a
solution of 4-chioro-3-ethyl-1,3-dihydropyrrolo]2,3-blpyridin-2-one {2.10 g, 10.7 mmol) in ethanol
49 mbL, 0.2 N). The mbdure was stirred at room iemperature overnight. The mixture was
concenirated under vacuum and a mbdure of an aqueous solution of NH:Cl and MeTHF was
added. Phases were separaied and the organic phase dried and concentrated under vacuum o
afford 4-chioro-3-ethyl-3-hydroxy-1H-pyrrolo]2,3-blpyridin-2-one (2.2 g, 94% Yield) as a yellow
solid. "TH NMR (400 MHz, DMSO-db) 8 8.07 (d, J= 5.7 Hz, 1H), 7.06 (d, J= 5.7 Hz, 1H}), .18 (s,
1H), 213 (i, J = 14.3, 7.8 Hz, 1H), 2.03 - 1.87 (m, 1H), 0.55 ¢, J = 7.5 Hz, 3H); m/z = 213.1,
2151 [M+H+.

The itwo enantiomers were oblained from chiral separation of the racemic midure in SFC
conditions:

instrument: Waters prep SFC200

Stationary Phase: Chiralpak IC 5um, 250 x 30mm

Mobile phase: CO2 / MeOH 80/20

Flowrate: 100 mU/min UV detection: A=210 nm

Temperature: 40°C

Pressure: 100 bars

Sample: dissolution in MeOH

i (OHEL isomer 1) = 4.82 min and 1t (OHEL isomer 2) = 86.74 min
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The S-isomer has been arbitrarily assigned as OHEl isomer 1 and the R-isomer has been
arbitrarily assigned as OHEl isomer 2. The same nomenclature has been used 1o describe all
refated derivatives.

The following protocois were described for racemic mixture.

Synthesis of 4-bromo-3-ethyl-3-hydroxy-1-tetrahydropyran-2-yi-pyrrolo[2,3-blpyridin-2-one

in a sealed vial, 3,4-dihydro-2H-pyran (0.59 mL, 6.50 mmol) was added to a stirred solution of 4-
bromo-3-ethyl-3-hydroxy-1H-pyrrolof2, 3-blpyridin-2-one  (0.56 g, 2.17 mmol) and para-
toluenesulfonic acid (82 mg, 0.433 mmol) in anhydrous toluene (11 mlL, 0.2 N). The reaction was
stirred at 80°C overnight. Then the mbdure was cooled at 0°C and 4 M hydrogen chioride (1.1
mi, 4.33 mmol) was added. The mbdure was stirred during 3h at room temperature. The solution
was concentrated under vacuum. DCM and an aqueous solution of NaHCOS3 were added. The
compound was resolubilized under free base form and the aqueous phase was exiracied by
DCM. The organic phase was dried on a phase separator and concenirated under vacuum. The
crude material was purified by flash chromatography on silica gel using a gradient of heptane /
AcOEL. It was transferred via solid pause on Dicalite on a 249 column. Fractions were collected
and evaporated to  afford 4-bromo-3-ethyl-3-hydroxy-1-tetrahydropyran-2-yl-pyrrolof2,3-
bipyridin-2-one (200mg, 26% Yield) as a orange oil. m/z = 341.0, 343.0 [M+H}+.

Synthesis of 3-ethyi-3-hydroxy-1-tetrahydropyran-2-yi-4-(4 4 5 5-tetramethyi-1,3,2-
dioxaborolan-2-yiipyrrolo{2,3-bjpyridin-2-one

G.  Q

N

; N
e S S
O
P -
Lt By 2 N

HC ¢
s CHGH,

3

A reacti-vial, under a nitrogen atmosphere, was charged with bis{pinacolato)diboron (223 mg,
0.878 mmol, 4 eq.), 4-bromo-3-ethyl-3-hydroxy-1-lefrahydropyran-2-ylpyrrolo]2,3-blpyridin-2-
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one (200 mg, 0.586 mmol) and anhydrous dioxane (1.8 mb, 0.3 N). Then potassium acetate (182
mg, 1.76 mmol, 4 eq.) and {1,1'-bis{diphenyiphosphino)ferrocene] dichioropalladium(lly, compilex
with dichloromethane (48 mg, 0.0586 mmol, 0.1 eq.) were added. The reaclion was slirred at
100°C for 3 h. The mixiure was filtered on a Dicalite pad and the solvant was evaporated. The
crude material was purified by flash chromatography on silica gel using a gradient of DCM / ethyi
acetate. it was transferred via solid phase. Relevant fractions were collected and concenirated
under vacuum io afford 3-eihyl-3-hydroxy-1-tetrahydropyran-2-vi-4-(4 4 5 5-tetramethyi-1,3,2-
dioxaborolan-2-yiipyrrolo{2, 3-blpyridin-2-one (87mg, 42.62% Yield) as an yellow gum. m/z =
307.1 [M+H}+ (acid formy}.

Other Scaficids

Synthesis of 7-bromo-1,3-dihydroimidazol4,5-bjpyridin-2-one

N, NH 2NN
P < xo
P NH

N,
2 B

4-bromopyridine-2,3-diamine (5.00 g, 25.3 mmol) and 1,1'-carbonyldiimidazole (8.19 g, 50.5
mmol) were introduced {o a sealed vial. THF (140 mL) was added and the midure was stirred at
60°C overnight. The flask was cooled with an ice-bath for 5min. The precipilale was filtered
through a glass-irit and washed once with cold THF followed by water. The solid was dried under
vacuum. 7-brome-1,3-dihydroimidazol4,5-blpyridin-2-one was afforded as a brown powder
(5.14g, 94%). 'H NMR (DMSO-ds, 400 MHz): 0 (ppm) 11.80 (s, 1H), 11.39 (s, 1H), 7.74 (d, J=5.7
Hz, 1H), 7.17 (d, J=5.7 Hz, 1H); m/z = 214.0, 216.0 [M+H]+.

Synthesis of 7-bromo-3-tetrahydropyran-2-yl-1H-imidazo{4,5-bjpyridin-2-one

C\O
HN N

N
o= ] o ]
N N~ HN

N\
~
Br
To a solution of 7-bromo-1,3-dihvdroimidazol4 5-blpyridin-2-one (500 mg, 2.34 mmol} in
anhydrous THF (17.5 mk, 0.1 N) was added 3, 4-dihydro-2H-pyran {0.64 mL, 7.01 mmol, 3 eq.}

and p-toiuene sulfonic acid hydrate (82 mg, 0.487 mmol, 0.2 eq.). The mixture was stirred at
75°C overnight. 3,4-dihydro-2H-pyran (0.64 mL, 7.01 mmol, 3 eg.) was added and the reaction
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mixiure was stirred at 75°C for 3h. The reaction was alliowed to reach room temperaiure and
quenched with waler. EIOAc was added and the two layers were separated. Aqueous layer was
extracted with EIOAc. Combined organic layer was dried over Na:S0q, filtered and concenirated
under vacuum 1o give crude material as a brown oil. The crude mixiure was purified by flash
chromatography using a gradient of cyclohexane/ EtOAc. It was transferred via solid deposit on
Dicalite. Relevant fractions were collected and concentrated under vacuum to afford 7-bromo-3-
tetrahydropyran-2-yl- 1 H-imidazol4,5-blpyridin-2-one {452 myg, 65% Yield) as a yeliow solid. 'H
NMR (DMSO-ds, 400 MHz): & {(ppm) 11.77 (5, 1H), 7.84 (d, /=56 Hz, 1H), 7.28 (d, J=5.7 Hz,
tH), 541 (dd, J=11.3, 2.2 Hz, 1H), 402 - 3.82 {m, 1H), 3.58 @d, J=11.3, 3.4 Hz, iH), 2.94 (g4,
J212.8, 4.1 Hz, 1H), 1.89~ 1.80 {m, 1H), 1.76 — 1.45 (m, 4H); nvz = 288.0; 300.0 [M+Hi+,

Synthesis of 3-tetrahydropyran-2-yl-7-(4,4,5,5-tetramethyi-1,3,2-dioxaboerolan-2-yh-1H-
imidazol4,5-blpyridin-2-one

NNy Mo N
o< || - o= ||
HN TN HN TN
o o

)‘ “CH3

H,C CHELH,

To a solulion of 7-bromo-3-tetrghydropyran-2-y T H-midazoi4, 5-bipyridin-Z-one 300 mg, 1.01
mmod} in anhydrous dioxane (10 mi, 8.1 Ny was added potassium acelate 420 myg, 4.02 mmol,
4 eq.) and bis(pinacolato)diboron {F87 mg, 3.02 mmod, 3 eq.). The midure was degassed with
No and [1,1-bis(diphenyiphosphinc}ferrocene] dichloropalladium{ll) {78 mg, {4.107 mmol, G
aq.) was added. The resulling midure was stirad 2h at 85°C under Nz, The mikdure was filtered
on  Dicalile and concenirated 1o give Sdetrahydropyran-2-yi-7-{4 4 § S-tetramethyib1,3,2-
dioxaborolan-2-yi-1H-imidazold S-bipyridin-2-one (1.1 g, 57% Yield) a3 a dark o, The orudse

material was engaged in next steps without more purification. mz = 2641 IM+HI+. (boronio soid).

Synthesis of 7-bromo-1-methyl-3-tetrahydropyran-2-yi-imidazo{4,5-bjpyridin-2-one

N\ N Y
-~
| - . o= |
HN" NP NN
Br HC gy
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To a soiution of 7-bromo-3-tetrahydropyran-2-yl-1H-imidazo4,5-blpyridin-2-one (502 mg, 1.63
mmol) in anhydrous DMF (8.3 miL, 0.1N) at 0°C was added sodium hydride (78 mg, 1.85 mmol,
1.2 eq., 60%). The mixture was stirred for 15 min and icdomethane (125 pb, 2.071 mmol, 1.2 eq.)
was added at the same temperature. The reaction midure was stirred for th, Water was added
and the resulting precipitate was fillered and washed with waler. The solid was dried at 40°C
under vacuum o afford 7-bromo-1-methyl-3-tefrahydropyran-2-yi-imidazol4,5-bjpyridin-2-one
{0.40 g, 77% Yield) as a pinkish solid. 'H NMR (DMSO-ds, 400 MMz): & {ppm) 7.86 {d, J=5.6 Hz,
1H), 7.32 (d, J=5.6 Hz, 1H), 5.49 (dd, Jy=11.3, 2.2 Hz, 1H), 3.97 (dd, J=11.2, 2.0 Hz, 1H), 3.59 (s,
4+, 2.92 (gd, J=13.5,13.0, 4.4 Hz, 1H), 2.03 - 1.89 (m, 1H), 1.7¢ - 1.41 (m, 4H); m/iz = 312.1,
314.1 [M+HP.

Synthesis of 7-bromo-3H-oxazolo[4,5-bjpyridin-2-one

. N NH
N NH.
' AL : | =0
/ O
CH
Br
RBr

2-amino-4-bromopyridin-3-ol (200 mg, 1.01 mmol) and 1,1'-carbonyidiimidazole (0.33 g, 2.01
mmol, 2 eq.) were introduced in a sealed vial. THF (6 mL, 0.2 N) was added and the mixture was
stirred at 60°C overnight. The solution was evaporated under vacuum and the crude triturated in
DCM. The solid obtained was filtered and dried under vacuum 1o obtain 7-bromo-3H-oxazolof4,5-
blpyridin-2-one as a brown powder (140mg, 32% Yield). '"H NMR (DMSO-ds, 400 MHz): & (ppm)
7.85(d, S=5.8 Hz, 1H), 7.25 (d, J=5.8 Hz, 1H).

Synthesis of 4,5-dibromo-3,3-dimethyk1H-pyrrolo]2,3-blpyridin-2-one

NN =N NH
| o I o
> - . 3
CH, ar CH,
Br  CHy gr HsC

in a 25 mb round-botiomed flask, at room temperature, A-bromosuccinimide (236 mg, 1.33 mmol,
1.6 eq.) was added to a stirred suspension of 4-bromo-3,3-dimethyl-1H-pyrrolof2,3-bipyridin-2-
one (200 mg, 0.830 mmol) and sodium acetate (34 mg, 0.415 mmol, 0.5 eq.) in acetic acid (1
mL, 0.8 N). The reaction mixture was stirred at room temperature overnight. The reaction mixiure
was diluted with water and quenched with a 1M agqueous solution of Na2320:. The solid obtained
was filiered through a glass-frit to give 4,5-dibromo-3,3-dimethyl-1H-pyrrolo{2,3-blpyridin-2-one
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{223.1 mg, 82% Yield) as a vellow powder. The product was used in the next step without further
purification. "H NMR (DMSO-ds, 400 MHz): 5 (ppm) 11.41 (s, 1H), 8.35 (3, 1H), 1.40 (5, 8H).

Synthesis of 4-bromospiro{1H-pyrrolo[2,3-bipyridine-3, 1'-cyclopentane}-2-one

gy

A solution of 4-bromo-1,3-dihydro-2H-pyrrolo[2,3-blpyridin-2-one {500 mg, 2.35 mmol
in anhydrous THF (7.8 mL, 0.3N) was cosled 10 -78 °C and 1 M lithium [bis{irimethyisilyllamide]
solution (8.2 mL, 8.21 mmol, 3.5 eg.) was added. After stirring for 30 minutes 1,4-diicdobutane
(871 yk, 2.82 mmol, 1.2 eq.) was added dropwise. The reaction mixiure was allowed o warm io
room temperature and stirred overnight. The reaction was quenched with a saturated aqueocus
solution of NH.Cland exiracted with EiOAc. The organic phase was dried using a phase
separator and evaporaied to give crude maierial as an oil. The crude material was purified by
flash chromatography on silica gel using a gradient of heplane/ EIQCAC. it was transferred via
solid phase on silica. Relevant fractions were collected and concentraied 1o give 4-
bromospire]tH-pyrrole]2 3-bipyridine-3,1-cyclopentane}-2-one (258 mg, 41% vield). 'H NMR
(400 MHz, DMSO-d8) 811,12 (s, tH), 7.91 (d, J = 5.7 Hz, 1H), 719 (¢, J = 5.7 Hz, 1H), 2.15 (dd,
J=8.1,5.5Hz, 2H), 2.08 ~ 1.82 {m, BH); nv/z = 287.1, 269.1 [M+Hi+,

Synthesis of 4-bromo-1'-tetrahydropyran-2-yi-spiro[cyclopentane-1,3-pyrrolof2,3-blpyridine}-2™-

one

(8]

AN Ny NN
Q= ' B e = G ‘
-~ S
Br Br

3,4-dihydro-2H-pyran (0.26 mb, 2.90 mmol, 3 eq.) was added 1o a stirred solution of 4-
bromospiro|iH-pyrrolo]2,3-b]pyridine-3, 1'-cyclopentane}-2-one (258 mg, 0.966 mmol} and p-
toluene sulfonic acid hydrate (37 mg, 0.183 mmol, 0.2 eq.) in anhydrous toluene (4.8 mi, 0.2
N}. The reaction was stirred at 20°C overnight. The solvent was removed under vacuum. The
crude material was purified by flash chromatography on silica gel using a gradient of heptane /
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ethyl acetate. Relevant fractions were collected and concenirated under vacuum to afford 4-
bromo-1'-tetrahydropyran-2-yl-spirofcyclopentane-1,3-pyrrolof2, 3-bipyridine}-2'-one {238mg,
70% Yield). "H NMR (400 MHz, DMSO-dk) 8 8.04 (d,J= 5.6 Hz, 1H), 7.32 (d,J= 5.7 Hz, 1H), 5.37
(dd,J=11.3, 2.1 Hz, 1H), 3.96 (d,J= 11.3 Hz, 1H), 3.53 (td,J= 11.2, 4.0 Hz, 1H), 2.95 - 2.76 (m,
1H), 2.17 (dd,J= 13.2, 5.9 Hz, 2H), 2.04 — 1.87 {m, 7H), 1.69 — 1.50 (m, 4H); m/z = 351.2-353.2
[M+H]+.

Synthesis of 1'-tetrahydropyran-2-yi-4'-(4 4 5 5-tetramethyi-1,3,2-dioxaborolan-2-
yhspiro[cyciopentiane-1,3'-pyirolof2,3-blpyridine}-2'-one

A vial was charged with bis(pinacolato)diboron (258 mg, 1.02 mmol, 1.5 eq.), potassium acelaie
(210 mg, 2.03 mmol, 3 eq.), 4-bromo-1'-tetrahydropyran-2-yi-spirofcyciopentane-1,3-
pyrrolof2,3-blpyridine}-2-one {238 mg, 0.68 mmol) and [1,1-bis(diphenylphosphino)ferrocene]
dichioropatladium{il}, complex with dichloromethane (57 mg, 0.068 mmol, 0.1 eq.} in anhydrous
dioxane (2.2 mL, 0.3 N}. The vial was sealed and degassed with nitrogen. The reaction mixiure
was stirred at 100°C overnight. The reaction mixiure was filtered through a pad of celite and the
filtrale was evaporaied o dryness {o give crude material as a dark oil. The crude malerial was
purified by flash chromatography on silica gel using a gradient of dichioromethane / ethyl acetate.
it was transferred via solid phase on Dicalite. Relevant fractions were coliected and concentrated
under vacuum to afford 1-ielrahydropyran-2-vi-4'-(4,4,5 5-tetramethyi-1,3,2-dioxaborolan-2-
yhspiro[cyciopentane-1,3-pyroiof2,3-blpyridine}-2-one {180 mg, 35 % VYisld). 'H NMR
{Chioroform-¢, 400 MHz): & (ppm} 8.16 (d, y=5.2 Hz, 1H), 7.28 (d, J=5.1 Hz, 1H), 5.52 (dd,
J=11.3, 2.2 Hz, 1H), 4.21 - 410 (m, 1H), 3.69 (id, J=11.9, 2.2 Hz, 1H), 3.00 (qd, J=13.1, 12,8,
4.1 Hz, 1H), 2.29 — 1.95 (m, 9H), 1.85 - 1.60 (m, 4H), 1.35 (5, 12H); m/z = 399.4 [M+H]+.
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Synthesis of 3,3-dibromo-4-chiloro-2-oxo-1H-pyrrolo] 2, 3-blpyridine-5-carbonitrile

N

l+/

N o

E gy _ ,

H g HN N
; N 87 B N
Hit N o '
L n 2N

CN -BuCH, Pyr e A

To a flask coniaining 4-chloro-1H-pyrrolof2,3-blpyridine-S-carbonifrile {1.00 g, 5.35 mmol} was
added teri-butanol (682 mL). pyridinium bromide-perbromide (4.84 mg, 15.1 mmol, 3.5 eq.) was
added portion-wise over 10 mins. Pyridine (1.24 mL) was added to aid solubility. The resuiting
solution was stirred for 6 h at 40 °C. The solution was concentrated {o dryness under reduced
pressure. To the resulling yellow solid was added water, resuiting in a yellow suspension. The
organic product was exiracted into E{OCAc. The combined organic exiracts were washed with
brine, separated and then dried over anhydrous MgSQO.. After filiration the organics were
concentrated. The crude material was purified by flash column chromatography with a gradient
of E{OAc in heplane. Relevant fractions were collected and concenirated giving the final
compound as an off-white solid in sufficient purity for progression to the next siep of the
synthesis. m/z = 347.7, 349.7 [M-H}-

Svynthesis of 4-chioro-2-oxo-1,3-dihydropyrrolo[2,3-blpyridine-5-carbonitrile

S Zn. ACOH, I”\

e A MeOH :

To a flask containing 3,3-dibromo-4-chloro-2-oxo-1H-pyrrolo]2,3-bipyridine-5-carbonitrile {(1.80
g, 3.84 mmol) was added methano! (18 mL) and acetic acid (18 mL). zinc (628 mg, 9.60 mmol,
2.5 eq.) was added portion-wise over 3 min. The suspension was stirred for 1.5h at room
temperature. The solution was dilufed with EIOAC and siowly neulralized by the addition of sat.
aqg. NaHCO:. The aqueous layer was separated and the organic layer was washed with water,
brine and then dried over anhydrous MgSO,. After filtration the organic layer was concentraled
1o dryness to give a yellow solid. The solid was transferred as a suspension in water and fillered
by Buchner filtration. The resulting solid was triturated with cold ether, heptane and then oven-
dried for 1 h. This gave the final product as a beige solid (484 mg, 53%). 1H NMR (400 MHz,
DMSO-d6) 8 11.81 (br. 5, 1H), 8.865 {5, 1H), 3.70 (s, 2H); m/z = 162.1, 164.1 [M-H}-
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Synthesis of 4-chioro-3,3-dimethyl-2-oxo-1H-pyrrolof2, 3-b]pyridine-5-carbonitrile

HN Ny LIHMDS, Mel o P

CN THF

To a flask containing 4-chloro-2-oxo-1,3-dihydropyrrolof2,3-blpyridine-5-carbonitrile (484 mg,
2.04 mmol) was added anhydrous THF (7 mb, 0.3 N) under nifrogen. The suspension was cooled
1o -78 °C and stirred for 5 min. 1 M Hithium [bis{frimethyisilylamide] solution (7.7 mL, 7.66 mmol,
3.75 eq.) in THF was added slowly over 3 min and the resulting solution was stirred for 10
min. iodomethane (0.31 mL, 4.90 mmol, 2.4 eq.) was added dropwise and the solution was stirred
at -78 °C for 30 min. The solution was warmed {0 room temperature and stirred for an additional
3 h. The solution was cooled to 0 °C and quenched by the dropwise addition of saturaied aqueous
ammonium chioride. The solution was diluted with EtOAc and washed with water and brine. The
organics were then separated and dried (MgSQ04) before concentration to dryness. The crude
was then purified by flash column chromatography with a gradient of TBME in heptane. The
desired fractions were concentrated 1o dryness in vacuum giving the desired compound as a
yellow soilid (195 mg, 43%). 1H NMR (500 MHz, CDCI3) 8 8.71 (s, 1H), 8.44 {s, 1H), 1.58 (5, 8H);
miz = 222.0-224.0 [M+H]+

Synthesis of 4-bromo-5-chioro-3,3-dimethyl- 1H-pyrrolo]2, 3-blpyridin-2-one

o o e N
HN N v . -
N o I

HyC NaOAc, AcOH € oH, g

CH: gr

3

in a8 50 mlL round-bottomed flask, at room temperature, N-chiorosuccinimide (133 mg, 0.996
mmol, 1.6 eq.) was added i{o a stirred suspension of 4-bromo-3,3-dimethyi-1H-pyrrolof2,3-
bipyridin-2-cne (150 mg, 0.622 mmol) and sodium acetate (26 mg, 0.311 mmol, 0.5 eq.) in acetic
acid (0.8 mi, 0.8 Nj. The mixiure was heated al 60°C for 2h. N-chlorosuccinimide (133 mg, 0.8%6
mmol, 1.6 eq.) was added and the solution was stirred al 80°C overnight. The reaction mixiure
was diluted with water and quenched with an aqueous solution of Naz820s 1M. The solid obtained
was filtered through a glass-frit io give 4-bromo-5-chioro-3,3-dimethyl-1H-pyrrolof2,3-bjpyridin-2-
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one {143mg, 82% Yield) as a yellow powder. The product was engaged in next step without
further purification. "H NMR (DMSO-ds, 400 MHz): 8 (ppm) 11.41 (s, 1H), 8.27 (s, 1H), 1.41 (s,
6H), m/z = 275.0, 277.0 [M+H]+

Synthesis of 4-chioro-5-fluoro-3, 3-dimethyl-1H-pyrrolof2,3-blpyridin-2-one

an L N
HN N\ o HN l &

O ]/ I
; r C CH, \i

I
L2

i a round-hottom flask, at 0°C, 1 M lithium [bisgrimethyisiiviiamide] soldion (38 mb, 377 mmgl,
3.7 eq) was added dropwise to & stired solution of d-chiore-5-fhuore-1H, 2H, 3 pyirolold 8-
Dipyridin-Z-one (2.00 g, 10.2 mmol} i anhydrous 2-meathylietrahydrofuran (26 mb, 0.4 N}, The
mixiure was stirved at §°0 for 10 min. Then iodomethane (1.8 mi, 25.5 mmol, 2.5 e} was added
dropwise at 8°C and the mixiure was stirred for 3h gl ihis temperature. An saturated agqueous
solution of NH«Cl was added slowly. Waterwas added and the mixiure was extracted with E{OAc.
The combined organic layers were washed with waler, brine, dried over phase separator and
concenirated to afford agreen solid. The crude product was trilurated in a mixture of
diisopropylether / ELC (50/50) and filtered to afford 4-chloro-5-fluoro-3,3-dimethyl-1H-
pyrrolof2,3-b]pyridin-2-one (1.8 g, 78% Yield) as a green solid. "H NMR (DMSO-ds, 400 MHz): &
{ppm) 11.32 (s, 1H}, 8.24 (¢, J=2.2 Hz, 1H), 1.41 (3, 8H). mv/z = 215.2, 217.2 [M+H+

Synthesis of 4-chioro-5-fluoro- 3, 3-dimethyl-1-tefrahydropyran-2-yi-pyrrolo[2, 3-bjpyridin-2-one

¢ N
HN Ny N 2
o) | _ e o | P
~ F
H l ! H.C t
CoH, o 7T CHy o

A 20 mbL vial was successively charged with 4-chloro-5-fluore-3,3-dimethyl-1H-pyrrelo]2,3-
blpyridin-2-one (830 mg, 3.87 mmol), anhydrous foluene (13 mi, 0.3 N}, p-toluene sulfonic acid
hydrate (147 mg, 0.773 mmol, 0.2 eq.) and 3 4-dihydro-2H-pyran (1.1 miL, 11.6 mmol, 3 eq.). The
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reaction was stirred overnight at 80°C. Then 3,4-dihydro-2H-pyran (0.5 mL) was added and the
reaction was siirred ai 80°C for another night. The solvent was evaporated {o give crude material
as a brown oil. The crude malerial was purified by flash chromategraphy on silica gel using a
gradient of heptane / ethyl acetate. It was transferred via solid phase. Relevant fractions were
collected and concentraled under vacuum fo afford 4-chioro-5-fluore-3,3-dimethyl-1-
tetrahydropyran-2-yl-pyrrolof2,3-blpyridin-Z-one (785 mg, 67% Yield) as an orange gum. 1H
NMR (400 MHz, DMSO-d6) 0 8.37 (d, J = 2.0 Hz, 1H), 5.38 (dd, J=11.3, 2.1 Hz, 1H), 3.97 (d, J
=10.7 Hz, 1H), 3.55 ({d, J = 11.3, 4.0 Hz, 1H), 2.82 (gd, J = 13.7, 12.8, 4.1 Hz, 1H), 1.97 - 1.88
(m, tH), 1.68 — 1.48 (m, 4H), 1.44 (s, 8H}, m/z = 289.2, 301.2 [M+H+

Synthesis of 5-fluorg-3,3-dimethyl-1-tetrahydropyran-2-vi-4-(4,4,5,5-tetramethyi-1,3,2-
digxaborolan-2-yhpyrrolol2, 3-blpyridin-2-one

N | N\ N \\
C O
9] P _ o l P ;
H,C H 4 :
5C CHy o H,C CHy &
/\“(\CH
HC ohgn,

Areactbvial, under nitrogen almosphere, was charged with tricyclohexyiphosphane (284 pl
0180 mmed, 0.075 eq.), bis(pinacolalo)diboron {1.22 g, 4,78 mmol, 2 eq.}, 4-chiore-5-fluore-3,3-
dimethyli-tetrahydropyran-2-yhpyrrolo] 2, 3-bipyridin-Z-ong (715 mg, 2.38 mmoh and anhydrous
dimane {12 mi, 0.2 Ny, Then polassiumn acelate @75 myg, 47% mmol, 2 sq)
and tris(dibenzyiideneacetone)dipaliadium{0) {115 my, 0120 mmnl, 0.05 eq.) were added. The
reachion was stirred overnight at 100°C. The mixture was fillered on Dicalile and concentrated 1o
give cnude malerial as a black ol The crude malterial was purdied by flash chiromalography on
sifica gel using a gradient of heplane / ethyl acetate, S-flyorn-3 3-dimethyb-1-tetrahydropyran-2-
yi-d-{4 4 5 S-lstramethyi1,3, 2-dioxaborolan-2-ypyrroiold 3-blpyridin-2-one (670mg, 22% Yield)
was oblained as a yellow solid (midure of product and debrominated one). m/z = 391.4 [M+H]+
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Synthesis of 5-fluoro-3-methyl-1,3-dihydropyirolo]2,3-blpyridin-2-one hydrochloride

Boc

o | o |

H,C H,C

4 M hydrogen chioride in dioxane (1.0 miL, 4.00 mmol, 5 eq.) was added 1o a solution of tert-butyl
5-fluoro-3-methyl-2-ox0-3H-pyrrolof2,3-blpyridine-1-carboxylate (210 mg, 0.752
mmol) in anhydrous dioxane {2 mbL, 0.3 N). The vial was sealed and the reaction was stirred at
60°C for th. The solution was concentrated to dryness to give 5-flucro-3-methyl-1,3-
dihydropyrrolof2,3-blpyridin-2-one hydrochioride (138 mg, 84% yield) as a white solid. "H NMR
(500 MHz, DMSO-ds) 0 11.01 (brs, 1H), 8.03 (t, /=1.83 Hz, 1H), 7.69 (dd, 4=2.20, 8.31 Hz, 1H),
3.54-3.61 (m, 1H), 1.35 (d, J=7.58 Hz, 3H); m/z = 167.1 [M+H]+

Synthesis of 3-ethyl-3-fluore-3-methyl-1H-pyrrolof2, 3-blpyridin-2-one

in a 2-5 mb vial, at 0°C, 1 M lithium [bis(irimethyisilyBamide] solution (1.7 mL, 1.71 mmol, 3.8
eq.) was added dropwise viasyringe to a stimed suspension of 5-fluoro-3-methyl-1,3-
dihydropyrrolof2,3-blpyridin-2-one  hydrochloride (88 mg, 0.445 mmol) in anhydrous 2-
methylietrahydrofurane (1.5 mbk, 0.3 N). The reaction midure was stirred at 0°C for
10min. iodoethane (0.065 mL, 0.813 mmol, 1.8 eq.} was added dropwise at 0°C and the reaction
was stirred at room temperature over the weekend. VWater was added and the mbdure was
acidified with an aqueous solulion of HCIl {o pH=5. EIOAc was added. The two phases were
separated and the aqueous phase was extracted with EIOAc. Combined organic phases were
washed with brine, dried using a phase separator and evaporated to give 3-ethyl-5-fluoro-3-
methyl-1H-pyrrolof2,3-bjpyridin-2-one (104 mg, 90% vyield) as an orange solid. 1H NMR (400
MHz, DMSO-d8) 5 11.05 (5, 1H), 8.05 (dd, J = 2.7, 1.8 Hz, 1H), 7.75 (dd, J = 8.3, 2.8 Hz, 1H),
1.86 — 1.89 {m, 2H), 1.28 (s, 3H), 0.57 (1, J = 7.4 Hz, 3H). m/z = 185.2 [M+H]+
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Synthesis of 3-ethyl-5-fluore-3-methyl-1-tetrahydropyran- 2-yl-pyrrolo]2, 3-blpyridin-2-one

HM NS
O } .
o
H,C
H,C

A 2-5 mL vial was charged with 3-ethyl-5-flucro-3-methyl-1H-pyrrolof2,3-blpyridin-2-one (126
mg, 0.518 mmol), 3,4-dihydro-2H-pyran (0.14 mL, 1.56 mmol, 3 eq.) and p-icluene sulfonic acid
hydrate (20 mg, 0.104 mmol, 0.2 N} in anhydrous toluene (1.7 mb, 0.3 N). The resulling
mixiure was stirred overnight at 85°C and concentrated to dryness. The crude material was
purified by flash chromalography on silica gel using a gradient of Heplane/ EtOAc o afford 3-
ethyl-5-fluoro-3-methyl-1-tetrahydropyran-2-yi-pyrrolof 2, 3-blpyridin-2-one (80 mg, 51% yield). 'H
NMR (DMSO-des, 600 MHz): 8 {ppm) 8.17-8.18 (m, 1H), 7.85 (dd, J=8.2, 2.8 Hz, 1H), 536 (d, J=
10.4 Hz, 1H), 3.95 (dt, J = 11.4, 2.0 Mz, 1H), 3.53 (tt, J= 11.4, 2.8 Hz, 1H), 2.78-2.94 (m, 1H),
1.89-1.95 (m, 1H), 1.74-1.86 (m, 2H), 1.53-1.85 (m, 2H), 1.45-1.55 (m, 2H), 1.29 (s, 3H), 0.51
(d, J=7.4, 3.4 Hz, 3H) ; mvz = 279.2 [M+H]+.

Synthesis  of  5-sthyl-3-fluoro-5-methyl-7-tetrahydropyran-2-yl-4-(4 4,5 5-tetramethyi-1,3,2-
dioxaborolan-2-yl)-7H-cyclopentalblpyridin-6-one

Qs Q

NNy NN
0 J - . T ]
P N
HyC He' orfg

in a 2-5 mi vial, sealed, at -60°C under Nz, 1 M lithium diisopropylamide solution {0.80 mL, 0.800
mmol, 2.3 eq.) was added dropwise {o a stirred solution of 3-ethyi-5-fluoro-3-methyi-1-
tetrahydropyran-2-yl-pyrrolof2,3-blpyridin-Z-one (78 mg, 0.256 mmol} in anhydrous THF (2 mL,
0.1 N). The reaction was stirred at -80°C for 30mn. triisopropyl borate (0.15 mbL, 0.650 mmol, 2.5
eq.) was added dropwise at -60°C.The reaction was stirred at -60°C for 30mn and the midure
was allowed to warm to room temperaiure for 4h. 2, 3-dimethylbutane-2,3-diol (0.60 mL, 0.512
mmol, 2 eq.) was added io the mbdure then after 10 min. stirring, acetic acid (0.015 mL, 6.269
mmol, 1.05 eq.) was added. The reaclion was stirred at room temperature overnight. The mixiure
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was filtered through Dicalite. Solvent was partially evaporated under Nz siream and the solution
exiracted by an agueous solution of NaOH 5%. The resulting agueous layer was collected and
acidified down fo pH=6 al 0°C,6 by dropwise addilion of 3N HCI, then extracted
with EtOAc. Combined organic phases were washed with brine, dried using a phase separator
and evaporated to give 5-ethyl-3-fluoro-5-methyl-7-tetrahydropyran-2-yi-4-(4 4 5 5-tetramethyi-
1,3,2-dioxaborolan-2-yi)-7H-cyclopenta[blpyridin-6-one (50 mg, 26% vield) as a brown gum. m/z
= 323.2 [M+H}+ {(acid form) (impure)

Scaffold coupling - General Procedure {pyriding)}

¥ X
-‘§"\ " " |.
N g, n
X R \r g Y .
| ® . gs U ome
X A, WAk
g - g ST e \3\}( e
H i W7
S ST, T i L
gy i3 : g
sy H Hoy
o ]
§ RS

ME™S w
S ¥ '}J\‘ j“i i
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G = NH, CMe:, CMeOH, CEIGH, ClieDite, ChieEl C-oyclopeald
Xx=d

R, =H, Me, Cf CF  OHF , CF:be, DCHF:

=08 GO N

R, = #, Me, Et, CHOH, CHF,

R = H, Re, Bt 808, CHF, CH{OHMe), CHORe, D!'*CF,, \':'-iF ChdesDH
R, Ro=H, Me or can fonw & OH. o CH.00H, bridge
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included in this scheme are bridged piperidine structures, bicyclic piperidine structures, and
diazacycloheptanes instead of piperidine.

1. Substitution

A microwave fube was charged with piperazing £ (1.08 mmaol, 1 eq.), pyriging § (1.08 mmaod, 1
aq.}, sodium bydrogen carbonate (1.08 mmol, 1 eq) and anhydrous DMF 3 mi, 0.35 Nj. The
rasulling mibddure was heated at 110°C overnight. Water was added and the mixiure was
exiracted with E1OAc. Combined organic layers were washed with water, brine, dried over phase
separator and concentrated under vacuum o afford a brown solid. The crude product was
purified on silica gel column, solid deposit, with a gradient of cyclohexane/E1OAc. Relevant

fractions were collected and concenirated under vacuum {o afford expected products L

Example 1. Synthesis of teri-butyl (3R})-4-(6-bromo-4-chigro-2-pyridyl}-3-methyl-piperazine-1-
carboxylate (R = Cl, Re= Re = Rs = H; Rs = Me, X=Brn)

Beige solid; vield 48%, 'H NMR (400 MHz, DMSO-ds) 8 6.92 (d, J = 21.3 Hz, 2H), 4.44 (s, 1H),
3.88 (dd, J= 79.1, 12.8 Hz, 3H), 3.19 — 2.81 (m, 3H), 1.43 (5, 9H), 1.05 (d, J= 6.6 Hz, 3H);
mM/z=390.0, 392.0 [M+H}*+

2. Suzuki coupling

A reaction vial was charged with substiiuled pyridine B (0.201 mmol, Teq), bomonic ester i
{0.201 mmol, 1 eq.) and disodium carbonate {3.804 mmol, 3 eq) in a midure of DMF (1.6 mb)
and Water (3.4 ml). The reaclion was degassed and felrakis Wriphenyiphosphine palladium
{0.0201 mmol, 0.1 eq.) was added. The resufting mixiure was stirred overnight at 85°C under No.
VWater was added to the mixiure. The precipiiate was fillered and dissolved in DCM. The organic
phase was dried over phase separaior and evaporated {o afford crude malerial. it was then
purified on silica gel column with a gradient of heplane/EtOAc. Relevant fractions were collected
and concentrated under vacuum to afford Suzuki coupling products i

Example 1. Synthesis of teri-butyl (3R}-4-[4-chioro-8-(3,3-dimethyl-2-oxo-1-{etrahydropyran-2-yi-
pyrrolof2,3-blpyridin-4-y-2-pyridyi]-3-methyl-piperazine-1-carboxylate (R1 = Cl, Re= Ry = Rs =
H; Rs = Me, G= CMez, X=Br)

White foam; Yield 48%; 'H NMR (400 MHz, DMSC-¢6) 5824 (d, J= 53 Hz, 1H),7.02(d, /=53
Hz, 1H), 6.98 (s, 1H), 8.50 (5, 1H), 5.52 — 5.40 (m, 1H), 4.57 (s, 1H}, 4.08 —~ 3.84 (m, 3H), 3.78
(d,J=13.4 Hz, 1H), 3.83 - 343 (m, 1H}, 319~ 3.00 (m, 2H), 3.00 - 283 (m, 2H}, 1.97 {d, J=
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22.9 Hz, 1H), 1.68 — 1.47 (m, 4H), 1.42 (s, 9H), 1.24 — 1.19 (m, 6H), 1.05 (d, J = 6.5 Hz, 3H); m/z
= 556.2, 558.1 [M+H]+

3. Deprotection

To a solution of Suzuki coupling products il (0.093 mmol) in anhydrous methanol (0.46 mL, 0.2N)
was added 4 M hydrogen chloride (3.70 mmol, 40 eq.). The resulling mbdure was
stirred overnight at 60°C under Nz. The mixture was concentrated under vacuum. The product
was solubilized in water. Then this agueous phase was washed with DCM and evaporated io
afford expected final products IV under salt forms.

Example 1. Synthesis of 4-[4-chloro-6-{(2R}-2-methyipiperazin-1-vi}-2-pyridyil-3,3-dimethyl-1H-
pyrrolof2,3-blpyridin-2-one;dihydrochioride (R = Cl, Re= R4 = Rs = H; Rs = Me, G= CMey)
Green powder; yield 79%, 1H NMR (500 MMz, DMSO-d8) Shift 11.13 (s, 1H), 8.42 (br d, J=8.05
Hz, 1H), 8.98 (br d, J=9.05 Hz, 1H), 8.13 (d, J=5.72 Hz, 1H), 7.08 (5, 1H), 6.91 (d, J=5.70 Hz,
1H), 6.87 (s, 1H), 4.74-4.83 (m, 1H), 4.28 (br d, J=13.45 Hz, 1H), 3.12-3.32 (m, 4H), 2.82-3.02
{m, 1H), 1.25 (d, J=6.85 Hz, 3H), 1.12 (d, J=6.11 Hz, 6H); m/z = 372.1, 374.1

Scaffold coupling —~ specific examples

The pyridine | was either obtained from commercial sources or synthesised by standard

techniques according io the procedures that follow.

Synthesis of 2,6-dichioro-4-(1,1-difluoroethylpyridine (epecific pyridine 1)

<t [ol]
;/}i*:\: o
N -
Has J\;'A H5C LA
= Y ot ] Tt
5 For

At room temperature, 1-(2,6-dichloro-4-pyridylethanone (300 mg, 1.50 mmol) was added i a
stirred solution of triethylamine (0.21 mb, 1.50 mmol, 1 eq.), N \N-disthylethanamine
trihydrofluoride (0.50 mi, 3.00 mmol, 2 eqg.) and Xtal fluor (687 mg, 3.00 mmol, 2 eg.}in
anhydrous DCE (4.5 mbL, 0.3 N).The reaction was stirred at 60°C overnight. The reaction was
quenched with an agueous solution of NaHCOs satl. Dichioromethane was added and the two
phases were separated. Combined organic phases were dried using a phase separaior and
evaporated {o give crude material as yellow oil. The crude material was purified by flash
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chromatography on silica gel using a gradient of hepiane / ethyl aceiate. Relevant fractions were
collected and concentrated under vacuum {o afford 2,6-dichloro-4-(1,1-diflucroethyhpyridine
{124mg, 38% Yield) as a yellow oil. 1TH NMR(DMSO-d6, 400 MHz): 8 (ppm) 7.81 (5, 2H), 2.01 ¢,
J=19.3 Hz, 3H); m/z = 2121, 2141,

Synthesis of {ert-butyi 3-[6-chloro-4- (irifluocromethyl)-2-pyridyi}-3- (hydroxymethyhpyrrolidine-1-
carboxylate (2 steps) (spacific pyridine 2)

[oH

o} o
Boc =N 07 cH, P o0 Boc . R
~
FC 2

Fi€ e FiC

THF HO

[a}

LIHMDS
THF Mo~ g

Step 1: Synthesis of O1-teri-butyl O3-ethyl 3-[6-chloro-4-(rifluoromethyl-2-pyridyiipyrrolidine-

1,3-dicarboxylate

A 2-6 mL microwave vial was successively charged with {O}1-ieri-butyl {O}3-ethyl pyrrolidine-
1,3-dicarboxylate (436 mg, 1.70 mmol, 1.5 eq.}, 2,6-dichloro-4-(iriflucromethyfpyridine (250 mg,
1.13 mmol), anhydrous THF (6.25 mL, 0.18N) and 1 M lithium [bis(trimethyisilylamide] solution
(2.3 mi, 2.27 mmol, 2 eq.) at 0°C. The reaction was stired at room temperaiure for 1h. The
reaction mixture was poured in a saturated aguecus solution of
NHJ.CL Dichloromeathane was added and the two phases were separaied. The agueous phase
was extracted with dichloromethane. Combined organic phases were washed with water, dried
using a phase separator and evaporated 1o give crude matlerial as an orange gum. The crude
material was purified by flash chromategraphy on silica gel using a gradient of heplane/ Ethyl
acetate. i was transferred via solid phase on Isolute HM-N. O1-er-butyl O3-ethyl 3-[6-chioro-4-
(trifluoromethy)-2-pyridyilpyrrolidine-1,3-dicarboxylate (408mg, 82 % Yield) was obtlained as a
colorless gum. 1H NMR (400 MHz, DMSQO-d6) 5 8.01 (s, 1H), 7.85 (d, J = 5.8 Mz, 1H), 4.12 (g, J
=71 Hz, 2H), 4.07 (d, J = 11.2 Hz, 1H), 3.76 (dd, J = 11.1, 6.9 Hz, 1H), 3.35(dd, J = 13.8, 7.2
Hz, 2H), 2.66 (dd, J = 12.3, 8.0 Hz, 1H), 2.51 (dt, J = 3.7, 1.9 Hz, 1H), 1.40 (d, J = 5.0 Hz, 8H),
141 ¢, 8= 7.1 Hz, 3H). miz = 323.2, 325.2 [M+H-Bocl+
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Step 2: Synthesis of terl-butyl 3-|6-chloro-4-(trifluoromethyl)-2-pyridyl}-3-
(hydroxymethyhpyrrolidine-1-carboxylate

O1-tert-butyl O3-ethyl 3-[6-chioro-4-(irifluoromethyl-2-pyridylipyrrolidine-1,3-dicarboxyiate (200
mg, 0.421 mmol) was dissobved in anhydrous THF (2 mL, 0.2 N). The mixture was cooled down
{o 0°C. 2 M lithium borohydride solution (0.42 mL, 0.842 mmol, 2 eq.) was added dropwise and
the reaction mixiure was stirred al room temperature for 2h. The reaction was quenched with
Rochelle saills solution and dichloromethane was added. The two phases were separated and
the aqueous phase was exiracied with dichloromethane. Combined organic phases were dried
using a phase separalor and evaporated to give tert-bulyl 3-[6-chloro-4-(trifluoromethyl)-2-
pyridyl}-3-(hvdroxymethybpyrrolidine-1-carboxylate as a coloriess gum. 1H NMR (400 MHz,
DMSO-d8) 5 7.88 (5, 1H}, 768 (d, J= 6.4 Hz, 1H), 5.00 (4, J =55 Hz, tH), 3.71 — 3.51 {m, 3H),
335(d,J=7.8Hz 1H), 220 d, J=84 Hz, 2H), 1.81~1.74 {m, 2H), 1.41 (d, J = 6.6 Hz, 8H);
m/z = 325-327[M+H-1Bu+.

Synthesis of terl-buiyl rac-(4aR, 8aR)-6-[6-bromo-4-(irifluoromethyh-2-pyridyil-3,4a,5,7,8,8a-
hexahydro-2H-pyridoj4,3-bj{1,4]oxazine-4-carboxylate (specific pyridine 3)

B,

)
Y
s
Moo . ﬁ: Bosel, DIaAP . &,‘
h HAHCC,, DMF CE T e T -7 LA],

Step 1: Synthesis of rac-(4aR,8aR)-6-[6-bromo-4-(triflucromethyi-2-pyridyl]-2,3 .4 43,5,7,8 8a-
octahydropyridol4,3-bji1.4]Joxazine

A microwave tube was charged with 2,6-dibromo-4-{rifiuoromethyipyridine (150 mg, 0.467
mmol), (4aR 8aR)-ociahydro-2H-pyridoj4,3-bimorpholine (70 mg, 0.467 mmol), sodium
hydrogen carbonale (39 mg, 0.4687 mmol) in anhydrous DMF (1.4 mL, 0.34 N). The resulting
mixiure was healed at 140°C under microwave irradiations for 15 min. Water was added and the
mixture was extracted with AcOEL The combined organic layers were washed with water, brine,
dried over phase separaior and concentratad to afford a brown oil. The crude product was purified
on silica gel column with a gradient of DCM/MeOH. Relevant fractions were collected and
concenirated under vacuum 1o afford rac-{4aR,8aR)-6-[6-brome-4-{iriflucromethyl}-2-pyridyl}-
2,3,4,48,5,7,8,8a-octahydropyrido]4,3-b][1,4]oxazine (124mg, 72% Yield) as a beige solid. 'H
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NMR (DMSO-ds, 500 MHz): & (ppm) 7.08 (s, 1H), 8.97 (s, 1H), 3.83-3.95 (m, 2H), 3.67-3.81 (m,
2H), 3.82 (dd, J= 13.2, 10.0 Hz, 1H), 3.46 (id, J= 10.5, 2.8 Hz, 1H), 3.20-3.28 (m, 1H), 2.93
(ddd, J= 12.7, 9.8, 3.4 Hz, 1H), 2.67-2.78 (m, 1H), 2.49-2.53 (m, 1H), 1.80-1.88 (m, 1H}, 1.53-
1.69 (m, 1H); m/z = 366.0, 368.0 [M+H]+.

Step 2. Synthesis of lert-bulyl rac-{(4aR,8aR)-6-[56-bromo-4-{irifluocromethyi}-2-pyridvl}-
3,4a,5,7,8,8a-hexahydro-2H-pyrido4,3-bli1,4]oxazine-4-carboxylaie

To a solution of tert-butoxycarbonyl tert-bulyl carbonate (111 mg, 0.51 mmol) and N, N-
dimethylpyridin-4-amine (4.2 mg, 0.0338 mmol) in anhydrous DCM (1.7 mbL, 0.2 N} was
added rac-{4aR,8aR)-6-{6-bromo-4- (iriflucromethyi}-2-pyridyl}-2,3,4,4a,5,7 .8, 8a-
octahydropyridol4,3-b]i1,4]joxazine (124 mg, 0.338 mmol}. The resulting mixiure was stirred
overnight at room temperature under No. Water was added and the midure was extracied with
AcCEL. The combined organic layers were washed with water, brine, dried over phase separator
and concentrated fo afford a brown gum. The crude product was purified on silica gel column
with a gradient of Heptane/AcCEL Relevani fractions were collected and concentrated under
vacuum to afford tert-butyl rac-{4aR,8aR}-6-[6-bromo-4-(Iriflucromethyh-2-pyridvi}-3,4a,5,7,8,8a-
hexahydro-2H-pyrido[4,3-bi]1.4]oxazine-4-carboxylate (128mg, 77% Yield) as a colorless gum.
H NMR (400 MHz, DMSO-ds) 8 7.16 — 8.97 (m, 2H), 4.40 - 3.77 (m, 4H), 3.68 (d,J= 14.5 Hz,
2H), 3.64 — 3.54 (m, 1H), 3.40 (1,J= 10.5 Hz, 1H), 3.20 - 2.90 (m, 2H), 1.80 (5, 2H), 1.45 (d,J=
6.6 Hz, 9H); m/z = 466.0, 468.0 [M+H]+.

Synthesis of 3-[[6-bromo-4-{riflucromethy}-2-pyridyllamino]pyrrolidine-1-carboxylate (specific

pyridine 4)
g B
;.J%\"'ﬁ'f ﬁ‘?\“ g
e P SN U g
e NaHCO:;, DMFE & u

A microwave tube was charged with 2.6-dibromo-4-(iriflucromethyipyridine (145 mg, 0.45
mmol}, tert-butyl 3-aminopyrrolidine-1-carboxylate (84 mg, 0.452 mmol), sodium hydrogen
carbonale (38 mg, 0.452 mmol) in anhydrous DMF (1.3 mL, 0.34 M). The resuiting midure was
healed at 150°C under microwave irradiations for 10 min. The mixture was stirred 15 more
minutes at 150°C under microwave irradiation. The mixture was stirred 15 more minutes af 156°C
under microwave irradiations. Water was added and the mixture was extracted with ElOAc. The
combined organic layers were washed with water, brine, dried over phase separator and
concentrated o afford a brown oil. The crude product was purified on silica gel column with a
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gradient of Heplane/EtOAc. Relevant fractions were collecied and concenirated under vacuum
to afford ter-butyl 3-[[6-bromo-4-(irifluoromethyh-2-pyridyllaminolpyrrolidine-1-carboxylate
{108mg, 57% Yield) as a white solid. "H NMR (400 MHz, DMSO-ds) 8 7.78 (d, J= 6.6 Hz, 1H),
8.97 (5, 1H), 6.78 (s, 1H), 4.32 (d, J= 17.4 Hz, 1H), 3.62 - 3.51 (m, 1H), 3.45 - 3.34 (m, 2H),

5 311 (dd, J=11.0,4.2 Hz, 1H), 213 (s, 1H), 1.82 (5, 1H), 1.41 {d, J = 2.6 Hz, 9H); m/z = 353.9,
355.9 [M+H}+.

Synthesis of ter-butyl 4-[4-(3,3-dimethyl-2-0x0-1-tetrahydropyran-2-yl-pyrrolo]2,3-bjpyridin-4-
10 yi-8-(trifluoromethyhpyrimidin-2-ylpiperazine-1-carboxylale (2 sieps) (pyrimidine)

HIE i dioasne
AR A AAAAAAAAAAAAA A AN AN AN

fla o

CRF, water

15

Siep 1: Synthesis of tert-butyl 4-[4-chloro-6-{iriflucromethylypyrimidin-2-yljpiperazine-1-
carboxylate

20 A 10 mil reacti-vial was charged with 2 4-dichloro-8-(trifiuoromethypyrimidine (16 mb, 1.11
mmol), tert-butvi piperazine-1-carboxylate (0.21 g, 1.11 mmol}, and triethylamine (0.46 mL, 3.32
mmol, 3 eq.) in anhydrous DMF (2.9 mL, 0.4 M). The reaction was stirred at 100°C overnight.
The reaction mixture was allowed io reach room temperature, then water was added foliowed by
EiOAc. The two layers were separaied and aqueous layer was extracted with EtOAc. Combined
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organic phases were washed with water, dried using a phase separator and conceniraied under
vacuum o give crude material as a brown oll. The crude material was purified by flash
chromatography on silica gel using a gradient of cyclohexane/ EICAc. it was transferred via liquid
injection in cyclochexane. Relevant fractions were collected and concentrated under vacuum {o
afford tert-butyl 4-[4-chioro-6-(irifluoromethy pyrimidin-2-yijpiperazine-1-carboxyiate (285mg, 73
% Yieldy as a white sofid. 'H NMR (500 MHz, DMSO-b) 6 ppm 7.32 (s, 1 M}, 3.57 - 385 (m, 4
H), 3.36 - 3.52 (m, 4 H), 1.42 (s, 9 H); m/z = 367.1 [M+H]+

Siep 2: Synthesis of ter-butyl 4-]4-(3,3-dimethyl-2-oxo-1-tetrahydropyran-2-yl-pyrrolof2,3-
bipyridin-4-yh-8-(trifluoromethyl pyrimidin-2-ylpiperazine-1-carboxylate

A 5mL reacti-vial was charged with 3,3-dimethyl-1-tetrahydropyran-2-yi-4-{4 4,5, 5-tetramethyl-
1,3,2-dioxaberolan-2-yhpyrrole]2,3-blpyridin-2-one (81 mg, 0218 mmol}, tetrakis
triphenyiphosphine palladium (80 mg, 0.0436 mmol, 0.1 eq), tert-bulyl 4-[4-chioro-6-
(triflucromethyh pyrimidin-2-vilpiperazine-1-carboxylate (80 mg, 0.218 mmol) and discdium
carbonate (69 mg, 0.65 mmol, 3 eq.) in DMF (1.9 mL) and water (0.4 mL). The reaction was
stirred at 120°C for 2h. The reaction mixture was allowed to reach room temperature. Then, water
was added. The solid obtained was filtered through a glass-frit and washed with water to give
crude material as a brown solid. The crude material was purified by flash chromatography on
silica gel using a gradient of cyclohexane/ EICAc. It was transferred via solid deposit on Dicalite.
Relevant fractions were collecied and concenirated under vacuum io afford tert-buiyi 4-{4-(3,3-
dimethyl-2-oxo-1-tetrahydropyran-2-vi-pyrrolo{2, 3-blpyridin-4-yh-6-(trifluoromethyl pyrimidin-2-
vilpiperazine-1-carboxylate (66.4mg, 52% Yield) as a pale yellow powder. 1H NMR{400 MHz,
DMSO-d6) & 8.34 (d, J = 5.5 Hz, 1H), 7.60 (d, J = 5.5 Hz, 1H), 7.38 (s, 1H), 5.49 (dd, J = 11.3,
2.0 Hz, 1H), 3.99 (d, J = 10.8 Hz, 1H), 3.84 (s, 3H), 3.56 (id, J = 11.3, 3.4 Hz, 1H), 3.51 - 3.45
(m, 4H), 3.00 - 2.83 (m, 1H), 1.94 (s, 1H), 1.70 — 1.48 (m, 5H), 1.48 - 1.37 (m, 15H). m/z = 577.2
(MeH]+

Step 3: Synthesis of 3,3-dimethyl-4-[2-piperazin-1-yi-6-(riflucromethyhpyrimidin-4-yi}- 1 H-
pyrrolof2,3-blpyridin-2-one dihydrochioride

A microwave-vial was charged with teri-butyl 4-[4-(3,3-dimethyl-2-oxo-1-tetrahydropyran-2-yi-
pyrrolo{2, 3-blpyridin-4-yD-6- (trifluoromethyl pyrimidin- 2-yllpiperazine-1-carboxylate (66 mg,
0.113 mmol} and 4 M hydrogen chloride in dioxane (0.85 miL, 3.38 mmol, 30 eq.) in methanol
{0.56 mL, 0.2 N). The reaction mixiure was stirred at 60°C overnight. The solvent was removed
under vacuum. Then water was added. Aqueous layer was exiracied with EtOAc. Agueous layer
was then concenfrated under vacuum o give 3,3-dimethyl-4-[2-piperazin-1-y-6-
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{irifluoromethyh pyrimidin-4-yi}- 1H-pyrrolo[2,3-blpyridin-2-one  dihydrochloride (42.5mg, 77%
Yield) as a pale vellow powder. 1H NMR (800 MHz, DMSO-d6): d ppm 11.19 (s, 1 H}, 8.85-9.83
(m, 2 H), 822 (d, J=5.38 Hz, 1 H), 7.61 (d, J=5.62 Hz, 1 H), 747 (s, 1 H), 3.95- 4,16 (m, 4 H),
3.16 - 3.30 (m, 4 H), 1.45 (5, 8 H); m/z = 393.0 [M+H]+.

Scaffold coupling - General Procedure {phenvi 1

N I
E = > o Boronic ester
P e i
Pd(dpphiClz
r KoCO;,

DMF, water

N
H,C” NCH,

w

R, = H, Me
G = NH, CHMe

Suzuki coupling

A microwave vial was successively charged with bromine scaffold | (0.467 mmol, 1
eq.), dipotassium carbonate (1.40 mmol, 3 eq.) and boronic esier ¥ (0.701 mmol, 15 eg)ina
mixiure of dioxane (4 mbL) and water (0.5 mb). The mixiure was degassed and {1,1-
his{diphenyiphosphinojferrocene] dichioropalladium (11} (95%, 0.0487 mmol, 0.1 eq.) was added.
The reaction was irradialed under microwaves and stirred at 140°C for 1h30. The reaction
mixiure was filtered through a pad of Dicalite, the filtrale was diluted with dichloromethane and
passed through a phase separator 1o remove water. The organic layer was concentrated under
vacuum fo give crude material as a black solid. The crude maierial was purified by flash
chromatography on silica gel using a gradient of dichloromethane / ethyl acetate. it was
transferred via solid phase on Dicalite. Relevant fractions were collected and concentrated under
vacuum. The result product was iriturated in THF or diethyl ether, filtered and dried at 40°C under
vacuum o obtain afforded compounds B,
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Example 1. Synthesis of 7-[3-[(dimethylamino)methyijphenyl]-1,3-dihydroimidazol4,5-blpyridin-

2-one (Ry=H, G=NH)

Beige powder; 32% vyield; "H NMR (DMSO-ds, 500 MHz): 8 (ppm) 11.42 (s, 1H), 11.03 (s, 1H),

7.93(d, d =54 Hz, 1H), 7.44-7.53 (m, 3H), 7.37 (d, J = 7.3 Hz, 1H), 7.05 (d, J = 5.4 Hz, 1H),
5 348 (s, 2H), 217 (s, 6H); m/z = 289.2 [M+H]+

Scaffold coupling - General Procedure {phenvi 2}

10
Yoo
Y N \/‘f
¥ 11
i X
NI
- Fingal boreme N
A - JBoe Poddepfiol, " RN
P P PPl : r_.é R \ e
3 3 A eoaaAMMAMMAAMMAMAAAAA S b 4 ' N
N A Thoxane PPN
R‘?"‘ \\x S N 7~ S e SR e B ¥ % b
§ 4

& = NH, CHMe, CMex
R,=H,F

X=0C, N

R= CHz, O, 80z, O

15 Synthesis of boronic esler (COnly in the case of Example 32 (X=C, R1=F, R=CH,}, ofthers were

commercial}

To a solution of teri-butyl 4-{(3-bromo-5-fluorophenylmethylipiperazine-1-carboxylate (200 mg,
0.536 mmol) | in anhydrous dioxane (5.4 mb, 0.1N) was added potassium acetate (158 mg, 1.61
20 mmol, 3 eg.) and bis(pinacolato)diboron (275 mg, 1.07 mmaol, 2 eq.). The solution was degassed
with a flow of Nz. [1,1-bis{diphenyiphosphino)ferrocene] dichioropalladium(lly (32 mg, 0.0536
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mmol, 0.1 eq.) was added {o the midure. it was then stirred overnight at 95°C. The solution was
fitered on Dicalite and the filirale was concentrated under vacuum to afford tert-butyl 4-}{3-fluoro-
5-(4,4,5,5-1etramethyl-1,3,2-dioxaborolan-2-yiiphenyilimethyllpiperazine-1-carboxylate # as a
black oil. The crude was engaged without more purification in the next step. m/z = 421.5 [M+H}+

Suzuki coupling

To a solution of boronic esters 1 (481 mg, 0.458 mmol, 1.2 eq.} in DMF (3 mbL) and Water (0.8
mL) were added bromine scafiold I (80 mg, ¢.373 mmol) and disodium carbonate (112 mg, 1.12
mmol, 3 eq.). The mbdure was degassed with Nz then tetrakis triphenyiphosphine palladium (43
mg, 0.0373 mmol, 0.1 eq.} was added. The solution was then stirred overnight at 85°C. The
mixiure was filiered on a Dicalite pad, rinsed with EICAc and solvenis were evaporated under
vacuum, The product was purified on a silica gel column, solid deposit, with a gradient of
DCM/MeOH. Relevant fractions were collected and concentrated under vacuum to afford Suzuki

coupling proeducts Bl

Example 32: Synthesis of {eri-bulyl 4-[[3-(3,3-dimethyl-2-oxo-1H-pyrrolof2,3-bipyridin-4-yi)-5-
flucro-phenylimethyljpiperazine-1-carboxylate (X=C, Ry=F, R=CH,, A=CMey)

Yetiow oil; 15% yield, 'H NMR(Chloroform-¢, 400 MHz): 5 (ppm) 8.13 (t, J=5.3 Hz, 2H), 7.15 (d,
J=9.4 Hz, 1H), 7.07 (s, 1H), 6.89 (d, J=8.9 Hz, 1H), 8.78 (d, J=5.4 Hz, 1H), 3.54 (s, 2H), 3.43 (s,
4H), 2.40 (s, 4H), 1.46 (5, 9H), 1.25 (s, 6H); nvz = 455.4 [M+H]+

Deprotection

4 M hydrogen chioride solution in dioxane (0.11 mL, 0.447 mmol, 10 eq.) was added {0 a solution
of Suzuki coupling products il (0.0447 mmol)) in methano! (0.22 mL, 0.2N). The mixiure was
stirred at room femperature overnight. The solvent was evaporated under vacuum and producis
were dried under vacuum at 40°C. Final compounds were afforded as hydrochioric salts V.

Example 32: Synthesis of  4-[3-fluoro-5-(piperazin-1-yimethyliphenyi}-3,3-dimethyi-1H-
pyrrolof2,3-blpyridin-2-one;dihydrochioride (X=C, R;=F, R=CH,, A=CMe,)

Yeliow solid; 93% yield; 1H NMR (DMS0-d8, 500 MHz): 6 (ppm) 11.81-12.85 (m, 1H), 11.18 (s,
tH), 8.52 (brs, 2i, 813 (d, d = 5.4 Hz, 1H), 7.61-7.78 (m, 1), 745 (brs, 1H), 7.33 (brd, J =
8.6 Hz, 1H}, 6.83 (d, J = 5.4 Hz, 1H), 3.95-4.33 (m, 7H}, 3.11-3.34 (m, 3H), 110 (5, 8H); M/Z =
3551 [M+Hp
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Scaifold coupling - General Procedure {phenvi 3}
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], =8 F M ONe, Gl G, Gy Cloyclopropy(iCN

F{ =8 F,Cl

R, =4 Me 3Py

RS =§, Me, E, CHMe;,

R =8 e

R=H,CH

H=H, G} TH. Br

Buchwald reaction

A reacli-vial was charged with Xantphos (0.022 mmol), 0.03 eq.), Pd(OCAc)z (7.5 pmaol, 0.01
eq.) and NaOtBu (1.12 mmol, 1.5 eg.) under Nz. Anhydrous toluene (1.9 mL, 0.4 M) was added
followed by dibromobenzene product § (0.786 mmol, 1.05 eqg.) and corresponding piperazine I
{0.748 mmol, 1 eq.). The reaction was heated at 80°C overnighl. Water was added and the
mixture exiracted with DCM. The organic phase was dried on a phase separator
and concentrated under vacuum. The crude material was purified by flash chromatography on
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silica gel using a gradient of hepilane/ EIOAc. It was transferred via liquid injection. Relevant
fractions were collected and concentrated under vacuum 1o afford expect compounds H.

Example: Synthesis of tert-butyi (35)-4-(3-bromopheny)-3-methyl-piperazine-1-carboxylate (R4
= Ry= Ry = Rs = Rs = H; Rz = Me)

Yeiiow oil; 72% vield, 'H NMR(DMSO-ds, 400 MMz): & (ppm)y 7.15 ¢, J=8.1 Hz, 1H), 7.02 {, /=2.1
Hz, 1H}, 6.93 —6.86 (m, 2H), 4.03 (dd, J=6.6, 3.5 Hz, 1H), 3.93 (s, 1H), 3.75 (d, J=13.1 Hz, 1H),
3.29-3.33 (m, 2H), 3.18 (5, 1H), 3.05 — 2.83 (m, 2H), 1.43 (s, 9H), 0.92 (d, J=6.5 Hz, 3H); W/Z
= 357.1 [M+H

1. Synthesis of boronic esters

in a 10 mL reactivial were introduced previous compounds H {C.538 mmol, 1
eq.), bis{pinacolato)diboron (0.645 mmol, 1.2 eq.) and potassium acetate {(1.62 mmol, 3 eq.} in
anhydrous dioxane (1.8 mb, 0.3 M). The mixure was degassed with Nz and{i,i-
bis(diphenyiphosphinociferrocene] dichioropaliadium(ily (0.0538 mmol, 0.1 eq.) was added. The
solution was heated to 100°C ovemight. The mixiure was filtered and concenirated under
vacuum. The crude material i was used without purification in the next step.

Example: Synthesis of tert-butyl (35)-3-methvl-4-[3-(4,4,5,5-tetramethyi-1,3,2-dioxaborolan-2-
yhphenyllpiperazine-i-carboxylale (R1 = Ro= Rs = Rs = Rs = H; Rs = Me)
Black o, m/z = 403.2 [M+H]+

2. Buzuki coupling

A 10 mL reacti-vial was charged with bromine scaffold I’ (0.327 mmol, 1 eq.), boronic ester il
(0.523 mimol, 1.6 eq.), Na:C0s (0.981 mmol, 3 eq.) in a solution of DMF (2.6 mL) and water (0.5
mL). The mixiure was degassed and tetrakis iriphenyiphosphine palladium (0.0327 mmol, 0.1
eq.) was added. The reaction was heated at 100°C overnight. The solution was filtered on Dicalite
and concentrated under vacuum. The crude material was purified by flash chromatography on
silica gel using a gradient of heptane/ E1OAc. Relevant fractions were collecied and concenirated
under vacuum. The product was then iriturated in DCM and dried under vacuum at 40°C
overnight to expected compounds V.

Example: Synthesis of teri-butyl (3S)-3-methyl-4-[3-(2-ox0-1,3-dihydroimidazo[4,5-bipyridin-7-
yhphenyilpiperazine-1-carboxylate (G=NH; R=X=H Ri=Re=Rs = Rs =Rs = H, Rs = Meg)

Pink powder; 22% yield; "H NMR{DMSO-ds, 400 MHz): 5 (ppm) 11.39 (s, 1H), 10.96 (s, 1H), 7.92
{d, =54 Hz, 1H), 7.35 (&, J=7.9 Hz, 1H), 7.06 — 8.86 (m, 4H), 4.10 (5, 1H), 3.85 (s, 1H), 3.78 (4,
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J=12.9 Hz, 1H), 3.42 (d, J=11.0 Hz, 1H), 3.25 (brs, 1H), 3.01 (s, 2H), 1.43 (s, OH), 0.95 (d, J=6.4
Hz, 3H): mfz = 410.2 [M+H]+

3. Deprotection

4 M hydrogen chloride solution in dioxane (0.366 mmol, 5 eq.) was added 1o a solution of Suzuki

coupling products IV (0.0733 mmol, 1 eq.) in methanol (0.7 mL, 0.1M). The mixiure was stirred

at room temperature overnight. The solution was concentrated under vacuum and the product

triturated in DCM, fillered and dried under vacuum at 40°C {o afford expecied producis V on
10 hydrochioric salts forms.

Example 8: Synthesis of 7-[3-1(28)-2-methylpiperazin-1-yljphenyl}-1,3-dihydroimidazo{4,5-

blpyridin-2-one dihydrochloride (G=NH, R=X=H, Ri=R:=Rs=Rs = H; Rs = Msg)

Brown powder; 80% yield; 1H NMR (DMSO-d8, 500 MHz): & (ppm) 11.53 (br s, 1H), 11.07 (s,
15 1H), 949 (brs, 1H), 8.03 (brs, 1H), 7.93 (d, J= 86 Hz, 1H), 741 ¢, J= 8.1 Hz, 1H), 7.08-7.16

(m, 3H), 7.08{d, J= 5.8 Hz, 1H}, 5.58 (brs, tH), 4.17-4.41 (m, 1H), 3.83 (br d, J = 13.0 Hz, 1H),

3.18-3.37 {m, 4H), 3.03-3.13 (m, 1H), 1.11 (d, J = 6.8 Hz, 3H); m/z = 310.2 [M+H]+

20
Scafiold coupling - Specific Procedure {specific phenyl 4
CHAT . B N
HaC L“if’éHs . 1N ! ;
0. 0 5 EU, nBuLi
i TMEDA
(j\, Pd{PPhs)4 THF
f::i Na,CO,
Bos DMF, water Mg
HClLdioxane
MeOH
25
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Synthesis of ler-butyl 4-[3-(2-ox0-1,3-dihydropyrrolo]2,3-b]pyridin-4-ylphenyljpiperazine-1-
carboxylate

A reacti-vial was charged with tetrakis triphenyiphosphine palladium (103 mg, 0.08%2 mmoi, G.1
eq.), Na:COs (284 mg, 2.68 mmol, 3 eq.), tert-butyl 4-[3-(4 4 5,5-tetramethyl-1,3,2-dioxaborolan-
2-yhphenyl]piperazine-1-carboxylaie (433 mg, 1.07 mmol, 1.2 eg.) in a solution of DMF (7.2 mbL)
and water (1.4 mbL). The mixiure was degassed and 4-bromo-1,3-dihydro-2H-pyrrolof2,3-
blpyridin-2-one (200 mg, 0.882 mmol) was added. The reaction was heated at 100°C overnight.
The solution was filtered on Dicalite and concentrated under vacuum. The crude malerial was
purified by flash chromatography on silica gel using a gradient of DCM/ E1CAc. Relevant fractions
were collected and evaporated io afford teri-butyl 4-13-(2-oxo-1,3-dihydropyrrolo]2,3-blpyridin-4-
yiiphenvilpiperazine-1-carboxylate {(266mg, 75% Yield) as a beige solid. m/z = 385.2 [M+H]+.

Synihesis of teri-butyl 4-[3-(3-ethyl-2-ox0-1,3-dihydropyrroio|2,3-bjpyridin-4-
yiphenyijpiperazine-1-carboxylate

A1 -78°C, iodoethane (0.085 mb., 1.05 mmol, 3 eq.) was added dropwise 10 a solution of NN, N' N
tetramethylethylene diamine (0.16 mi, 1.05 mmol, 3 eg.) in anhydrous THF (0.88 mL) followed
by addition of 1.6 M butyilithium solution (0.66 mL, 1.05 mmol, 3 eq.). The reaction was stirred at
-78°C  for 30 min. Then fert-bulyt  4-[3-(2-oxo-1,3-dihydropyrrolo]2,3-bipyridin-4-
yiphenyllpiperazine-1-carboxylate (140 mg, 0.351 mmol) was added and the midure left {o
reach room temperaiure. The reaction was stirred at room temperature for 2 hours. Water was
added and the mixiure exdracted with DCM. The organic phase was dried and concentrated under
vacuum. The crude material was purified by flash chromatography on silica gel using a gradient
of DCM /EtOAC. It was transferred via liquid injection in DCM. Relevant fractions were collecied
and concenirated under vacuum to afford tert-butyl 4-[3-(3-ethyl-2-oxo-1,3-dihydropyrrolof2,3-
blpyridin-4-yhphenyllpiperazine-1-carboxylate (20mg, 32% Yield) as a white oil. "H NMR (400
MHz, DMSO-ds) 8 11.05 (s, 1H), 8.11 (d, J= 5.7 Hz, 1H), 7.40 - 7.32 (m, 1H), 7.14 (s, 1H), 7.07
—6.87 (m, 3}, 4.21 - 4,11 {m, 1H), 3.54 - 3.36 {m, 4H), 3.11-3.20 {m, 4H), 1.78 - 1.62 (m, 1H),
1.42 (s, SF, 1.31 - 1.40 (m, 15}, 041 (§, J= 7.4 Hz, 3. mvz = 423.3 [M+HI+.
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Synthesis of 3-ethyi-4-(3-piperazin-1-yiphenyl-1,3-dihydropyrrolo|2, 3-bipyridin-2-
one;dihydrochloride

4 M hydrogen chioride solution in dioxane (0.05 mL, 0.2 mmoi, 4 eq.) was added {o a solution
of tert-buiyl 4-[3-(3-ethyl-2-ox0-1,3-dihydropyirolof2, 3-blpyridin-4-yphenyijpiperazine-1-
carboxylate (21 myg, 0.050 mmol} in methanol (0.5 mlL, 0.1 N). The mixture was stirred at room
temperature overnight. The sclution was concentrated under vacuum and dried under vacuum
at 40°C overnight 1o afford 3-ethyl-4-(3-piperazin-1-yiphenyi}-1,3-dihvdropyrrolof2,3-b]pyridin-2-
one;dihydrochloride (11.8mg, 60% Yield) as a yellow powder. 1H NMR (DMSO-d6, 500 MHz): &
{(ppm) 11.10 (s, 1H), 910 (brs, 2H), 8.12(d, J=54 Hz, 1H),7.38 (, J=78 Hz, 1H), 718 (t, d=
1.8 Hz, 1H), 7.05-7.10 (m, 2H), 7.00 (d, J = 5.4 Hz, 1H), 4.14-4.20 (m, 1H), 4.11 (br s, 1H), 3.44
(brd, J = 4.9 Hz, 4H), 3.18-3.26 (m, 4H), 1.68 (ddd, J=13.8, 7.4, 4.0 Hz, 1H), 1.31-1.44 (m, 1H),
0.41 (1, J = 7.3 Hz, 3H); m/z = 323.2 [M+H}+.

Scafiold coupling - Specific Procedure {specific phenyl 2}

Synthesis of tert-butyi 4-[3-(5-methyi-6-ox0-5,7-dihydropyrrolo]2,3-d]pyrimidin-4-
yiiphenvijpiperazine-1-carboxyiate

A reacti-vial was charged with tert-butyl 4-[3-(4,4,5,5-tetramethyi-1,3,2-dioxaborolan-2-
yiiphenyllpiperazine-1-carboxylate (264 mg, 0.654 mmol, 1.5 eq.), 4-chioro-5-methyl-5H,6H,7H-
pyrrolof2,3-dlpyrimidin-8-one {80 mg, 0.436 mmol), disodium carbonate (138 mg, 1.31 mmol)
and tetrakis iriphenyiphosphine palladium (51 mg, 0.0436 mmol, 0.1 8qg.} in a midure of DMF
(4.2 mL) and water (0.8351 mL). The vial was sealed, degassed with nitrogen and stirred at
120°C for 1h under microwave irradiation. The reaction was siopped and the reaction mixiure
was filiered through a Dicalite pad, then washed with EIOAc. The solvent was removed under
vacuum io give crude malerial as a red oi. The crude material was purified by flash
chromatography on silica gel using a gradient of Cyclohexane/ Acetone. it was transferred via
solid pose on Dicalite. Relevant fractions were coliected and concentrated under vacuum {o
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afford teri-butyl  4-[3-(5-methyl-6-ox0-5,7-dihydropyrrolo|2, 3-dipyrimidin-4-yliphenylilpiperazine-
t-carboxylate (53.1mg, 30% Yield) as a white sofid. 'H NMR (400 MHz, DMSOC-ds) 8 11.53 (s,
1H), 8.76 (d, J=9.9Hz, 1H), 7.44 (s, 3H), 712 (d, J= 8.4 Hz, 1H), 4.26 (g, J= 7.4 Hz, 1H), 3.48
(t, J=5.0Hz, 4H),3.22 - 3.12 (m, 4H), 1.43 (5, 9H), 1.12 (d, J= 7.6 Hz, 3H); m/z = 410.3 [M+H]+.

Synihesis of 3-ethyl-4-(3-piperazin-1-yiphenyi-1,3-dihydropyrrolo[2,3-bjpyridin-2-
one;dihydrochioride

4 M hydrogen chioride solution in dioxane (0.32 mb, 1.3 mmol, 10 eq.) was added io a solution
of fert-buivl 4-[3-(5-methyl-6-0x0-5,7-dihydropyrrolo]2,3-djpyrimidin-4-viphenyilpiperazine-1-
carboxylate (53 mg, 0.13 mmel) in methano! (1.2 mi, 0.1 N}. The mixiure was stirred at room
temperature overnight. The solution was concentraied under vacuum. The product was trifurated
in DCM and dried under vacuum at 40°C overnight to afford 5-methyl-4-(3-piperazin-1-yiphenyb-
5,7-dihydropyrroiof2,3-djpyrimidin-6-one dihydrochioride (34.3 mg, 66% Yield) as a pale yellow
solid. 1H NMR (DMSO-d6, 500 MHz): d (ppm) 11.69 (br s, 1H), 8.24 (br s, 2H), 8.79 (s, 1H),
7.36-7.49 (m, 3H), 7.17 (brdd, J=7.8, 1.5 Hz, 1H), 5,73 (br s, 1H), 4.29 (g, J = 7.6 Hz, 1H), 3.45
(brd, J=22Hz 4H), 3.23 (brs, 4H), 1.11 (d, J = 7.6 Hz, 3H); m/z = 310.3 [M+H]+.

Scafiold coupling - Specific Procedure {specific phenyl 3

{(Method provided for 4-aminopiperidine variant. 3-aminopiperidine variant was prepared by the
same method)

CH

oA CH H,C. . &H
HEC\}/&H3 e H,C éHs 3 \i’ 3
' o0

O DO
Y @ ¥ Y
N i3y N

Xantphos, Pd(OAc)2 NaBH:CN

N KOtBu X B MgDH N B
Toluene U g
Synthesis of {ert-butyl 4-(3-bromoanilino)piperidine-1-carboxylate

A reacti-vial was charged wilh diacetoxypalladiam 3.3 mg, 0.01485 mmol, 8.01 eq)), Xantphos

{25 myg, 00438 mmol, 0.03 eql and potassium ter-bulyiate (245 myg, 218 mmeol, 1.8 eq)
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inanhydrous tolusne 383 mi, 04 Ny and stired & min al room temperature. 1,3+
dibromaebenzens (380 mg, 1.53 mmol 1.08 eq.) and ter-butyl d-aminopiperidine-1-carboxylate
{300 myg, 1.45 mmol) were successively addead 1o the reaction. The resulling midure was heated
aovarnight at 80°C under Na. diacetonypaiiadium (0,01 eq), Xaniphos (.83 eq), potassium ten-
butylale {1 gy and lerbbulyl d-aminopipardine-t-carbomoylate (1.5 o) weore added again and
the mixiure was stirred one more night at 807C. Water was arddad and the mixlure was extracisd
with DM, The combined organic layers were washed with water and brine, fillersd on phase
separator and concentraled under vacuum 1o give g yellow linuid. The crude product was purified
on silica gel column, solid deposit, with a gradient of Heplane/EIOAc. Relevant fractions were
collected and conceniraied under vacuum to afford tert-butyl 4-(3-bromoanilino)piperidine-1-
carboxylate (304mg, 58% Yield) as a white solid. "H NMR(DMSO-ds, 400 MHz): 8 (ppm) 8.99 ({,
J=8.0 Hz, 1+, 8.75 {, J=2.0 Hz, 1H), 8.66 - 8.81 (m, 1H), 8.57 (dd, J=8.3, 1.8 Hz, 1H), 5.81 (,
J=8.2 Hz, 1H), 3.86 (d, J=13.1 Hz, 2H), 3.50 - 3.34 (m, 1H), 2.92 (5, 2H), 1.85 (dd, J=12.8, 3.0
Hz, 2H), 1.41 (s, 9H), 1.31 — 1.12 (m, 2H); m/z = 355.0 [M+H]+

Synthesis of {eri-butyi 4-[3-bromo-N-{oxetan-3-yimethyianilincjpiperidine-1-carboxylate

A reacti-vial was charged wilh terd-butyl 4-G-bromoaniiinoipiperidine-1-carboxyiale 2983 my,
0.808 mmoly, oxetane-3-carbakdehyde (118 myg, 1.21 mmol, 1.5 o)) and acetic acid (8.048 mi,
0.808 mmaol, 1 eq.) i anhydrous methanat (¢4 mi, 8.2 N The mikture was stirred 30 minutes
and sodium cyaneborohydride (1010 myg, 2.02 mmoal, 2.5 eq) (resin) was added. The resulting
mixture was stirred 7 days with several additions of oxetane-3-carbaidehyde at 58°C. The resin
was filflered and washaed with MeOH, The filtrale was concentrated under vacuum o ghe a
aolourtess off. The crude product was purified on silica gel column, solid deposii, with a gradient
of heptane/E1OAc. Relevant fractions were collecied and concentrated under vacuum {o afford
teri-butyl  4-[3-bromo-N-(oxetan-3-yimethyhanilinojpiperidine-1-carboxyiate  (194mg, 56%
Yield) as a coloriess gum. 'H NMR (DMSOC-ds, 400 MMz): & (ppm) 7.11 ¢, J=8.1 Hz, 1H), 8.96 ¢,
J=2.0 Hz, 1H), 8.82 (ddd, J=13.8, 8.2, 1.7 Hz, 2H), 4.55 (dd, J=7.9, 5.9 Hz, 2H), 4.31 (1, J=6.2
Hz, 2H), 4.02 (d, y=11.2 Hz, 2H), 3.72 ({d, 4=8.7, 7.8, 5.9 Hz, 1H), 3.43 (d, J=6.9 Hz, 2H), 3.11
{hept, J=6.8 Hz, 1H), 2.83 (s, 2H), 1.82 (d, J=10.3 Hz, 2H), 1.49 (qd, J=12.1, 4.3 Hz, 2H), 1.42
(s, 9H): m/z = 4251, 4271 [M+H]+

The next steps were similar {o General Procedure — Phenyi 3.
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Scaffold coupling - Specific Procedure {specific phenvi 4}

H,C CH,

i 7
i Il
" “Boe °, °
g’
Pinacol borane i
O - N/\1 KOAC, PdidppCly :
mmmmmmmmemnneeaci ——————————
com GO AR )
. ~ar Xantphos, Pd{OAc)2 k/m Dioxane
o F N

NaCiBu, Toluene “Bon /ﬁ

N 3 8

Syt N
E © N 1 E c

7 N Z HC

a o i |

8 i & |

' TFA HCl

[ —— i MeCH . N
P (PPhajs i i ; /ﬁ
Na,CO. £ d k/NH
DMF, water ' N/\! k/
i “Boc
l\// oo

Synthesis of {ert-butyi 4-(3-bromo-5-fluoro-phenylpiperazine-1-carboxylate

A vialwas charged with Xaniphos (17 mg, 0.0300 mmol, 0.03 eq.}, Pd(OAC)2 (2.3 mg, 8.98 umol,
0.01 eq.) and NaOiBuy (107 mg, 0.474 mmol, 1.5 eq.) under Nz. Anhydrous toluene (118 mi,
0.4N) was added foliowed by 1,3-dibromo-5-fluorobenzene (12.6 g, 498.7 mmol, 1.05 eq)
and ieri-butyl piperazine-1-carboxylaie (8 g, 47.3 mmoi). The reaclion was heated at 80°C
overnight. Walerwas added and the mixddure extracied with DCM. The organic phase was washed
with an aqueous solution of MgCh, dried on a phase separator and concentrated under vacuum
to give teni-butyl 4-(3-bromo-5-flusro-phenylpiperazine-1-carboxylate as an orange oil (20.8 g,
quantitative yield). The crude material was direclly engaged in the next reaction. 'H NMR
(DMSO-ds, 400 MHz): & (ppm) 6.95 — 6.82 (m, 1H), 6.84 - 6.76 (m, 2H), 3.47 — 3.36 (m, 4H),
3.24 - 314 (m, 4H), 1.42 (5, 9H); m/z = 305.0 [M+H-{Bu}+

Synthesis of teri-butyl 4-[3-fluoro-3-(4,4,5,5-tetramethyi-1,3,2-dioxaborolan-2-
yiiphenyilpiperazine-1-carboxylate

in a 500 miL sealed vial were introduced teri-butyl 4-(3-bromo-5-fluoro-phenyhpiperazine-1-
carboxyiate (81%, 20.81 g, 46.9 mmol), bis(pinacolaio)diboron (14.2 g, 56.3 mmol, 1.2
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eq.) and potassium acetaie (14.68 g, 6.141 mol, 3 eq.) in anhydrous dioxane (156 mbL, 0.3 N).
The mixture was degassed with Nz and [1,1-bis{diphenyiphosphino)ferrocene]
dichloropaliadiumy(il}, complex with dichloromethane (3.84 g, 4.69 mmol, 0.1 eq.) was added. The
solution was healed 1o 100°C ovemight. The mixiure was fillered and concentraled under
vacuum. The crude material was purified by flash chromatography on silica gel using a gradient
of heptane/ E1OAc. It was transferred via solid deposit on silica. Relevant fractions were collected
and concenirated under vacuum 1o afford teri-butyl 4-[3-fluoro-5-(4,4,5,5-tetramethyi-1,3,2-
dioxaborolan-2-yiiphenyilpiperazine-1-carboxylate as a brown foam (8.67 g, 46%). 1 H NMR
(400 MHz, Chioroform-d) 5§ 712 (d, J= 22 Hz, 1H), 685 (dd, J= 8.3, 2.3 Hz, 1H), 887 (@, J=
14.9, 2.3 Hz, 1H), 3.58 - 3.54 (m, 4H), 3.20 - 3,13 {m, 4H), 1.58 {5, 6H), 148 {5, 8H), 1.33 {5,
12Hy; miz = 407.1 [M+H]+

Synthesis of tert-butyl 4-[3-flucro-5-(2-oxo-1,3-dihydropyrrolof2, 3-bipyridin-4-
yhphenvijpiperazine-1-carboxylate

A 50mL sealed tube was charged with 4-bromo-1,3-dihydro-2H-pyrrolo] 2, 3-blpyridin-2-one (500
mg, 2.35 mmol), tert-buiyl 4-13-fluorc-5-(4,4,5,5-tetramethyi-1,3,2-dioxaborolan-2-
yiphenvilpiperazine-1-carboxylate (1.05 g, 2.58 mmwol, 1.1 eq.) , disodium carbonate (746 mg,
7.04 mmol, 3 eq.) in a solution of DMF (17.5 mL) and Waiter (5 ml). The mixiure was degassed
and tetrakis(friphenyiphosphine) palladium (542 mg, 0468 mmol, 0.1 N)was added. The
reaction was heated al 100°C overnight. The reaction mixture was diluted with waler, filtered
and the residue give crude material as yellowish powder. The crude material was purified by flash
chromatography on silica gel using a gradient of Heptane/EIOAc. Relevant fractions were
collected and concenirated under vacuum o afford tert-butyl 4-[3-fluoro-5-(2-0x0-1,3-
dihydropyrrolof2,3-blpyridin-4-yhphenyli]piperazine-i-carboxylate as orange powder (831 mg,
42%). "H NMR(DMSO-ds, 400 MHz): & (ppmy) 11.08 (5, 1H), 812 (d, J=5.5 Hz, 1H), 7.09 (d, J=5.5
Hz, 1H), 6.97 {5, tH), 6.88 (s, 1H}, 8.85 (dd, J=3.8, 1.7 Hz, tH), 3.78 (5, 2H), 3.52 — 3.41 (m,
4F), 3.29 - 3.21 (m, 4H), 1.43 (5, 8H), mvz = 413.2 [MHp

Specific Procedurs {specific phenyl 4a)

Synthesis of {ert-butyl 4-[3-fluoro-5-(2-oxespiro]1H-pyrrolo[2,3-blpyridine-3,1-¢cyclopropane}-4-
yhphenvilpiperazine-1-carboxylate (n=1)

To a 9 mL reacti-vial were added teri-butyl 4-[3-fluoro-5-(2-0x0-1,3-dihydropyrrolo]2, 3-b]pyridin-
4-yhiphenylpiperazine-1-carboxyiate (166 mg, 0.36 mmol}, diphenylvinyisuffonium triflate (127
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mg, 0.33 mmol, 0.9 eq.), zinc iriflucromethanesulfonate (276 mg, .74 mmol, 2 eq.) and
molecular sieve (160mg) in DMF-Anhydrous (2.1 miL, 0.2 N). The mixture was stirred at room
temperature for 10 min and 1,8-diazabicycio]5.4.0}-7-undecene (167 yb, 1.11 mmol, 3 eq.) was
added into it. The mixture was stirred for 3h and guenched with water, then was exiracted with
EtOAc. The combined organic layers were washed with brine, dried using a phase separator and
evaporated to give crude matlerial as an oil. The crude malerial was purified via preparative HPLC
in TFA conditions (preparative HPLC with trifluoroacetic acid mobile phase). Relevant fractions
were combined and concentrated under vacuum {o give ieri-butyl 4-[3-fluoro-5-(Z-oxospiro]1H-
pyrrolof2,3-bipyridine-3,1'-cyclopropanel-4-yiiphenylilpiperazine-1-carboxylate (82 mg, 54%) as
a yellowish powder. nv/z = 438.1 [M+H}+.

Synthesis of 4-(3-fluoro-5-piperazin-1-yl-phenyhspiro] 1H-pyrroiof2, 3-blpyridine-3,1"-

cyclopropanel}-2-one; 2,2, 2-triflucroacetic acid {n=1)

in a reacti-vial, triflucroacetic acid (.15 mL, 2.03 mmol, 10 eq.) was added o a stirred solution
of tert-butyl 4-[3-fluoro-5-(2-oxospirof 1 H-pyrrolo{2, 3-bipyridine-3,1'-cyclopropane}-4-
yiiphenyilpiperazine-1-carboxylate (82 myg, 0.203 mmol) in anhydrous DCM (2 mL, 0.1 N}). The
reaction was siirred ai room temperature for 1h. The reaction mixture was evaporated to dryness
under vacuum to afford product as a yellow powder. The crude material was purified via
preparative HPLC in TFA conditions (preparative HPLC with trifluoroacetic acid mobile phase).
Relevant fractions were combined and concentrated o give a yellow oil. This ol was taken up in
mixiure of DCM/MeOH and under stirring, resin PL-HCO3 was added until the pH of the
mixiure was 8. The soiution was filtered and concentrated then dried overnight under vacuum o
afford  4-(3-fiuoro-5-piperazin-1-vi-phenyijspiro[ 1H-pyrrolof 2, 3-bipyridine-3,1'-cyciopropane}-2-
one; 2,2 Z2-trifluoroacetic acid (13.2mg, 14% Yield). 1H NMR (DMSO-d6, 500 MHz): & (ppm) 11.32
(s, 1H), 8.72 (brs, 2H), 8.07 (0, J =54 Hz, 1H),6.91 (brdt, J =125, 22 Hz, 1H}, 674 (d, J =
5.4 Hz, 1H), 8.72 ¢, S = 1.5 Hz, 1H), 6.60 (df, J = 8.6, 1.2 Hz, 1H), 3.42-3.48 (m, 4H), 3.18-3.23
(m, 4H), 1.28-1.37 (m, 2H), 1.22 (g, J = 4.0 Hz, 2H). m/z = 339.1 [M+H}+.

Specific Procedure (specific phenyi 4b)

Synthesis of fert-butyl 4-[3-flucro-5-(2-oxospiro[1H-pyrroio[2, 3-blpyridine-3,1-cyclobutane}-4-
yhphenyilpiperazine-1-carboxylate (n=2)

To a solution of fert-butyl 4-13-fuore-5-2-0ox0-1,3-dilwdropyrroie2, 3-bipyridin-4-

viiphamipiperazine-1-carboxylate (327 myg, G.84 mmol in anhydrous THE 8.4 mi, 01 Ny was
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added dropwise 1 M iihium [bisdrimethyisiiviiamides] solulion (1.4 mi, 141 mmol, 2.2 eg) &t -
78°C under Nz The mixture was stirred 5 min at this temperature. Then 1,3-diicdopropane (0.088
mi, 0.835 mmol, 1.3 eq.} was added dropwise at -78°C and the resulting mixiure was stirred 1h
letting # rise to room temperature. The mixiure was quenched by an aqueous solution of NH.CL
Water was added and the mixiure was exiracted with EIOAc. Organic layers were washed with
water and brine, dried over phase separator and concentraied to afford a brown oil. The crude
product was purified via preparative HPLC in TFA conditions (preparative HPLC with
trifluoroacetic acid mobile phase). Relevant fractions were combined and concentrated {o give
tert-butyl 4-[3-fluoro-5-(2-oxospircf1H-pyrrolo[2, 3-bipyridine-3,1'-cyclobuiana}-4-
yhiphenyl]piperazine-1-carboxylate (39mg, 12%) as a brown solid. "H NMR(DMSO-ds, 400 MHz):
5 (ppm) 11.00 (s, 1H), 8.08 (d, /=5.4 Hz, 1H), 6.85 - 6.86 (m, 2H)}, 6.81 (d, J=5.3 Hz, 1H),8.73
{d, J=8.2 Hz, 1H}, 3.49 — 3.40 (m, 4H), 3.28 - 3.18 (m, 4H), 242 - 2.28 (m, 2H), 2.28 - 217 {m,
2H), 1.79-1.89 (m, 1H), 1.42 (d, /=3.8 Hz, 9H), 1.30 — 1.17 (m, 1H); m/z = 453.2 [M+H}+

Synthesis of 4-(3-fluoro-5-piperazin-t-yl-phenyhspiro] 1H-pyrrole]2,3-blpyridine-3,1"-
cyciobutane}-2-cne (n=2)

To a solution of tert-buiyi 4-[3-fluoro-5-(2-oxospiro[1H-pyrroiof2, 3-blpyndine-3, 1-cyciobutane}-4-
yiphenyilpiperazine-1-carboxyiate (38 mg, 0.0757 mmol} in anhydrous DCM (0.4 mi, 0.2N) was
added irifluocroacetic acid (57 pL, 0.7687 mmol, 10 eq.). The resulling mbdure was stirred 8h at
room temperature under Na. Then the solution was concentraled under vacuum. The crude
product was purified via preparative HPLC in TFA conditions (preparative HPLC with
trifluoroacetic acid mobile phase). Relevant fractions were combined and concentrated under
vacuum, The product was faken up in a midure of DCM/MeOH and resin PL-HCO; was added
until pH = 8. The solution was filtered and concentrated under vacuum io afford 4-(3-fluore-5-
piperazin-1-yl-phenybhspire]t H-pyrrolof2,3-blpyridine-3, 1-cyclobutanel-2-one  (11mg, 34%) as
an orange solid. 1H NMR (500 MHz, DMSC-d8) d ppm 10.48 - 11.38 (m, 1 H), 8.04 (d, J=5.38
Hz, 1 H),6.81-6.87(m, 2H),6.80(d, J=5.38Hz, 1 H),5.61-6.67 (m, 1H),3.24-3.30(m, 1H),
310-344(m, 4 H),276-281 (m, 4 H),221-237 (M, 4H),1.73-1.90 (m, 1 H), 1.12- 1.31
(m, 1 H); mvz = 353.1 [M+H]+
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Scaffold coupling - Specific Procedure {specific phenvi §}

Synthesis of {ert-butyl 3-(3-bromophenyl)-3-(hydroxymethyhpyrrolidine-1-carboxylate

in & microwave flask, at §°C under Ny, lithium aluminium hydride (0.68 mi., 1.35 mmol, 2 eq.)
was added io a stired solution of 3-(3-bromophenyi)-1-tert-butoxycarbonyl-pyrrolidine-3-
carboxylic acid (250 mg, 0.675 mmol) in anhydrous THF (8.8 mL, 0.1 N}. The reaction was stirred
at 0°C overnight. The reaction mixture was diluied with EiCAc. Organic phase was washed
with agueous solutions of 20% Rochelle sall and 2% NaHCQ;, dried using a phase separator
and evaporated to give crude material as colorless syrup. The crude maierial was purified by
flash chromatography on silica gel using a gradient of DCM / MeQOH. it was transferred via liguid
injection in DCM. Relevant fractions were collected and concentrated under vacuum to afford
teri-butyl 3-(3-bromophenyl}-3-(hydroxymethylipyrrolidine-1-carboxylate (169 mg, 38%) as a
colorless syrup. m/z = 300.0, 302.0 [M+H-1Bul+

The nexd steps were similar to General Procedure — Phenyl 2.

Scaiffold coupling - Specific Procedurs {specific phenyl 6}

Synthesis of {ert-butyl N-[[3-(3-bromophenyloxetan-3-yijmethyijcarbamate

H,C CHy
Br HiC =X B
o] "
DMAP, Bot:C o
U U — - :§N
DCM

in a round-botiomed flask, at room temperature, 4-dimethylamino pyridine (.13 g, 1.03 mmol, 1
eq.) was added 1o a stirred solution of [3-(3-bromophenyl)oxetan-3-yljmethanamine (0.25 g, 1.03
mimol) and ert-buloxycarbonyttert-bulyl carbonate (0.34 g, 1.55 mmol, 2eqyin DCM{(EmL, 0.2
Nj. The reaction was stirred at room temperature overnight. Water was added and the mixiure
extracted with DCM. The organic phase was dried and concenirated under vacuum. The crude
material was purified by flash chromatography on silica gel using a gradient of DCM/ MeOH. it
was transferred via solid phase on dicalile. Relevant fractions were collecied and concenirated
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under vacuum to afford tert-butyl N-[[3-(3-bromophenyl)oxetan-3-vlimethylicarbamate (0.166g,
47% Yield) as a colorless oil. "H NMR (DMSO-ds, 400 MHz): & (ppm) 7.43 (d, J=7.B Hz, 1H), 7.34
—7.26 {m, 2H), 712 (d, J=7.9 Hz, 1H), 4.62-4.77 (m, 4H), 3.44 (d, J=6.3 Hz, 2H), 1.31 (s, oH);
m/z = 286.1, 288.1 [M+H-1Bul+.

5
The nexd steps were similar to General Procedure — Phenyi 2.
Scaffold coupling - Specific Procedure {specific phenyl 7
10
GG CHER. g
8 Pinacol borane ] c; DW
KOAg, Pd(dppHCl, we L
’ Dioxane PA(PPh,),
Roc n Na,CO,
Boc = 3
DMF, water
Mel, LIHMDS HCl/dioxane

MeOH

15 Synthesis of tad-bubtyl 4-{3-{4.4.5 -tetrameathyl- 1,3 &-gioxaboroan- 2-yiiphenylipiperiding-1-
carboxyiate

To  a  solgtionterd-butyl  4-G-bromophenyipipandine-t-carboxylate @220 mg, 0.58

R

’,Ct

mmol} i anhydrous dioxane (8.8 mi, 0.1 N} was addad bis(pinacolato)diboron {293 mg, 1.18

20 mmod, 1.5 eq.) and potassium acedale (71 myg, 1.73 mmuad, 3 eq.). The mxure was degassed
with  Npand [1,1-bis(diphenylphosphino)ferrocene] dichloropalladium(ih {42 mg, D.O87S

mmnol} was added. The resulling mixture was stirred overnight at 85°C under Nz, The mixdure was

fifered on Dicalte and concenirated under vaosuum o fg\;e tart-butyt 4-[3-(4 4.5 S-tetvamethyl-

1,3, 2-dioxaboroian-Z-yiphenviipiperidine-1-carboxylate (501mg, 88% VYield) as a dark ol The
25 crude product was used in the next reaction. m/z = 332.3 [M+H-Bul+
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Synthesis of teri-butyl 4-[3-(3-methyl-2-ox0-1,3-dihydropyrrolo|2, 3-bipyridin-4-
yiphenyilpiperidine-1-carboxylate

A reacti-vial was charged withiert-bultyl 4-[3-(4 4,5 5-tetramethyi-1,3,2-dioxaborolan-2-
yiiphenvijpiperidine-1-carboxylate (38%, 501 mg, 0.5068 mmol, 1.2 eq.), 4-chioro-3-meihyl-
1H,2H,3H-pyrrolof2,3-blpyridin-2-one (81 mg, 0.421 mmol) and disodium carbonate (134 mg,
1.26 mmoi, 3 eq.) in a mixiure of DMF (3.3 mL) and water (0.9 mL). The mixiure was degassed
and {eirakis iriphenyiphosphine paliadium (48 mg, 0.0421 mmol, 0.1 eq.) was added. The
resulting mixiure was stirred 4h at 95°C under Nz, The mixiure was fitered on Dicalite and
concenirated to give a brown oil. The crude product was purified on silica gel column, solid
deposit, with a gradient of Hepilane/EtOAcC. Relevant fractions were collected and concentrated
under vacuum 1o give tert-bulyl 4-[3-(G-methyl-2-oxo-1,3-dihydropyrroio]2,3-bipyridin-4-
yhphenyilpiperidine-1-carboxylate (150mg, 85% Yield) as a veliow oil. m/z = 408.4 [M+H]+

Synthesis of teri-butyl 4-[3-(3,3-dimethyl-2-oxo- 1 H-pyrrolo]2, 3-blpyridin-4-yi phenyi]piperidine-1-
carboxylate

A reacti-vial was charged with 1 M lithium [bis(irimethyisilyhamide] solution (0.88 mi, 0.885
mmol, 3.3 eq.) in anhydrous THF (1.4 mbL, 0.2N). The mixiure was cooled {o -78°C under
Nz and iodomethane (0.034 mi, 0.541 mmol, 2 eq.} was added dropwise. The resulting mixture
was stirred 15 min at -78°C and tert-butyl 4-{3-(3-methyl-2-ox0-1,3-dihydropyrrolo] 2, 3-b]pyridin-
4-yhphenyl]piperidine-1-carboxylate (74%, 149 mg, 0.271 mmol) was added. The mixture was
allowed to rise to RT and stirred 1h. The midure was quenched with an agueous solution of
NaHCOas sar and water. The mbdure was exiracied with DCM. The combined organic lavers were
washed with walter, brine, dried over phase separator and conceniraied to afford an orange oil
The crude product was purified on silica gel column, solid deposil, with a gradient of
heplane/EtOAc. Relevant fractions were collected and concentrated under vacuum {o give teri-
buiyl 4-13-(3,3-dimethyl-2-oxo-1H-pyrrolo}2, 3-blpyridin-4-yliphenyl]piperidine-1-carboxylate
(25mg, 21% Yield), as a yellowish solid. 'H NMR(Chiloroform-d, 400 Miz): 8 (ppm) 8.09 (d, J=5.6
Hz, 1H), 7.40 ¢, J=7.6 Hz, 1H), 7.30 (d, J=7.8 Hz, 1H), 7.15 - 7.07 (m, 2H), 6.84 (d, J=5.6 Hz,
1H), 4.25 (s, 2H), 2.89 - 2.63 (m, 3H), 1.86 (d, J=13.7 Hz, 2H), 1.64 (it, J=12.9, 6.8 Hz, 2H), 1.47
(s, 9H), 1.23 (s, BH); myz = 422 4 [M+H]+.
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Synthesis of 3,3-dimethyl-4-[3-(4-piperidyl)phenyl]-1H-pyrrolo]2, 3-bjpyridin-2-one
dihydrochlioride

To a solution of ter-butyl 4-13-(3,3-dimethyl-2-oxo-1H-pyrrolo[2, 3-blpyridin-4-
yiiphenyilpiperidine-1-carboxylate (25 mg, 0.0575 mmol) in methanoi (0.3 mL, 0.2 N) was added
4 M hydrogen chioride solution in dioxane (0.14 mL, 0.575 mmol, 10 eq.}). The resuiting mixiure
was stirred over 2 days at room temperature under Nz, The mixiure was concentrated under
vacuum o afford 3,3-dimethyl-4-[3-(4-piperidylphenyl]-1H-pyrrolo]2,3-bjpyridin-2-one
dihydrochioride (21.3mg, 80% Yield) as a yellow solid. 1H NMR (CM30-d6, 600 MHz): & (ppmy)
1113 {5, H), 8.55-8.87 (m, 2H), 8.08 (g, J = 5.3 Hz, 1H), 741748 (m, 1H), 7.33 81, J = 7.8,
1.5 Hz, 1), 748 Ld=78, 1.3 Hz, 1H), 715 ¢, =15 Hz, 1H), 877 (d, J= 5.3 Hz, 1H), 485
{brs, 1H),3.36 {(brd, J = 126 Hz, 2H), 2.95-3.03 (m, 2H), 2.82 (i1, J = 12.0, 3.5 Hz, 1H), 1.96 (br
d, J=13.2Hz, 2H), 1.80-1.90 (m, 2H), 1.086 (s, 6H); m/z = 322.1 [M+H]+.

Scaffold coupling - Specific Procedure {specific phenvi 8}

S} [P
CHg o= f

s g

- -
QN,\ Pd(FPhs)s

A Na,CO,
“Boe DMF, water

HCl.dioxane

VieOH

Synthesis of teri-buiyi 4-[3-(3-methyl-Z-ox0-1,3-dihydropyrroio|2, 3-bjpyridin-4-
yiphenvijpiperazine-1-carboxyiate

in a microwave flask, at room {emperature, ietrakis triphenyiphosphine paliadium (508 mg, 0.440
mmol, 0.1 eq.) was added to a stirred solution of teri-butyl 4-[3-(4,4,5,54etramethyl-1,3,2-
dioxaborolan-2-yhphenvijpiperazine-1-carboxylate {214 mg, 0.528 mmol, 1.2 eq.) and 4-bromo-
3-methyt-1,3-dihydropyrrolof2,3-bjpyridin-2-one (100 mg, 0.440 mmol) in a mixture of DMF (3.6
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mi) and water (8.70 mb). The reaction mixiure was purged with argon for 15min. Disodium
carbonate {140 mg, 1.32 mmol, 3 eq.) was added under argon and the reaction was stirred at
100°C overnight. The reaction mixture was diluted with EtOCAc. Organic phase was washed with
watler, dried using a phase separator and evaporated o give crude malerial as a yellow solid.
The crude matlerial was purified by flash chromatography on silica gel using a gradient
of cyciohexane / EtOAc. it was transferred via liquid injection in DCM. Relevant fractions were
collected and concenirated under vacuum to afford feri-butyl 4-[3-(3-methyl2-ox0-1,3-
dihydropyrrolof2, 3-blpyridin-4-yhphenyl]piperazine-1-carboxyiate (132mg, 56% Yield) as a
yellowish solid. m/z = 409.4 [M+H}+

Synthesis of tert-butyl 4-[3-(3-benzyl-3-methyl-2-0x0-1H-pyrrolo|2,3-bpyridin-4-
yiphenyijpiperazine-1-carboxylate

in a microwave flask, at -78°C under Ng, 1 M lithium {bis(frimethylsilylyamide] solution (1.5 mL,
1.50 mimol, 4.7 eq.) was added 1o a stirred solution of teri-butyl 4-[3-(G-methyl-Z-ox0-1,3-
dihvdropyrrolof2, 3-blpyridin-4-yhphenyl]piperazine-1-carboxylate {130 mg, 0.318 mmol) in
anhydrous THF (3.2 mbL, 0.1 N). The reaction was stirred at -78°C for 10 min, then
bromomethylbenzene (0.045 mi, 0.382 mmol, 1.2 eq.) was added and the reaction was aliowed
to warm o room temperalure and was stirred for 8h. The reaclion mixture was diluted with E1OAc.
Organic phase was washed with an aqueocus solution of sat NH.Cl, dried using a phase separator
and evaporated o give crude material as a dark yellow syrup. Crude material was purified by
flash chromatography on silica gel using a gradient of Toluene / Acetone. l was transferred
via liquid injection in DCM. Relevant fractions were collected and concenirated under vacuum to
afford teri-buty! 4-[3-(3-benzyl-3-methyil-2-oxo-1H-pyrrolof2,3-blpyridin-4-yphenyilpiperazine-1-
carboxylate (128mg, 74% Yield) as a yellowish foam. m/z = 489.2 [M+H}+.

Synthesis of 3-benzyl-3-methyl-4-(3-piperazin-1-yiphenyl}-1H-pyrrolo|2, 3-bjpyridin-2-one
dihydrochioride

4 M hydrogen chioride solution in dioxane (0.6 mL, 2.5 mmol, 10 eq.) was added {0 a solution
of tert-bulyi 4-13-(3-benzyl-3-methyl-2-oxo-1H-pyiroiof2, 3-blpyridin-4-yhphenyilpiperazine-1-
carboxyiate (125 mg, 0.251 mmol) in methanol (2.5 miL, 0.1 eq.). The mixiure was stirred at room
temperature overnight. The precipitale was filtered, washed with cold isopropano! and dried
under high vacuum at 40°C overnight to afford 3-benzyl-3-methyl-4-(3-piperazin-i-yiphenyh-1H-
pyrrolof2,3-blpyridin-2-one dihydrochioride (58.8mg, 49.337% Yield) as a while powder. 1H
NMR (DMSO-d6, 500 MHz): 0 (ppmi) 10.91 (s, 1H), 8.28 (brs, 2H), 8.00 (d, J= 5.4 Hz, 1H), 7.44
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@, J= 8.1 Hz, 1H), 7.14 (dd, J = 8.3, 2.0 Hz, 1H), 7.07-7.11 (m, 3H), 6.95-6.99 (m, 2H), .79 (d,
J=5.4Hz, 1H), 6.76 (dd, J = 6.6, 2.9 Hz, 2H), 5.25 (br s, 1H), 3.36-3.50 (m, 4H), 3.22 (br s, 4H),
2.84 (d, J = 13.2 Hz, 1H), 2.56 (d, J = 13.2 Hz, 1H), 1.38 (s, 3H); m/z = 399.1 [M+H}+.

Scaffold coupling - Specific Procedure {specific phenvi 9}

. CH
H3C\l/éH3 ! N
00 o G -
Y I‘J 4 = #—-L N H "N
N i, {Buli 5 7\ N 7\
[ THF [ - PO{OH)2, MHHGO, E -
N 2. NaH, THF N 0K N
Boc Boc Boc

Synthesis of tert-butyi 3-oxo-1-(3-pyridyh)-5,6,8 8a-tetrahydro-1H-oxazolo|3 4-alpyrazine-7-

carboxylate

in a 50mbL round-botiomed flask, al -78°C, 1.6 M teri-bulyllithium solution (14.9 mL, 23.86 mme])
was siowly added 1o a stirred solution of 3-bromopyridine (1.17 mb, 11.93 mmol, 5 eq) in
anhydrous THF (20 mL). Then this solution was added dropwise at -78°C 1o a solution of ditert-
butyl 2-formylipiperazine-1,4-dicarboxylate (750 mg, 2.38 mmol) in anhydrous THF (20 mL). The
reaction was stirred at -78°C for 15 min. The reaction was quenched with a saturated agueous
solution of NHaCl The two phases were separated and the aqueous phase was exiracted
with ethyl acetate. Combined organic phases were dried over Na:SQu, filtered and evaporated
to give crude material as an orange gum. Then the residue was solubilized in anhydrous THF (8
ml) and was slowly added to a heterogeneous mixture of sodium hydride 60% (85 mg, 2.38
mmol, 1 eq.) in anhydrous THF (20 mL}. The reaction was stirred at 60°C overnight. The reaction
was quenched with watler and ethyl acetate was added. The two phases were separated and the
aqueous phase was exracied with ethyl acelaie. Combined organic phases were dried over
Na:50,, fillered and evaporated {o give crude material as an orange gum. The crude material
was purified by flash chromatography on silica gel using a gradient of dichloromethane / ethyi
acetate. it was fransferred via liquid injection in DCM. Relevant fractions were collecied and
concenirated under vacuum io afford tert-butyl 3-oxo-1-(3-pyridyl)-5,6,8,8a-tetrahydro-1H-
oxazolo[3,4-alpyrazine-7-carboxylaie (220 mg, 19% Yield) as a pale orange gum under 2
diastereocisomers forms. m/z = 394[M+H]+.
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Synthesis of tert-butyi 3-(3-pyridyimethylpiperazine-1-carboxylate.

A 4 mL vial was successively charged with ammonium formate (57 mg, 0.208 mmol, 2 eq.), tert-
butyl 3-oxo-1-{3-pyridyh-5,6,8,8a-tetrahydro-1H-oxazolof3,4-alpyrazine-7-carboxylate (220 mg,
0.455 mmol) in anhydrous ethanol (4.5 mb, 0.1N) and dihydroxypaiiadium (20%, 32 mg, 0.0455
mmol, 0.1 eq.}. The reaction was stirred at 80°C for 5h. Then dihydroxypalladium (20%, 16 mg)
and ammonium formate (29 mg) were added and the reaction was stirred at 80°C overnight. The
reaction mixiure was filtered through a pad of Dicalite and the filirale was evaporated to dryness
to give tert-butyl 3-(3-pyridvimethylipiperazine-1-carboxylate (185mg, 84% Yield) as a colorless
gum. "H NMR(DMSO-ds, 400 MH2): & (ppm) 8.45 — 8.40 (m, 2H), 7.85 (d, J=7.8 Hz, 1H), 7.32
(dd, J=7.6, 4.8 Hz, tH), 3.65 (d, J=12.8 Hz, 2H), 2.83 (d, /=121 Hz, 1H), 2.76 — 2.58 {m, 4H),
249 - 236 {m, 2K, 1.37 {d, /=17 4 Hz, 9F); mz = 278.3 [M+H-

The nexd steps were similar to General Procedure — Phenyl 3.

Scafiold coupling - Specific Procedure {specific phenvi 18}

a0 Shen
i 8 vo S 0"{'0
CC MO N H,C 4
3
ho 58 Y :[ H,C j
N |
Hsc)‘\[ ] B ¥ DMAP, Boc.C N
—
3 Xantphos, PA{CAC): @ DCM
KOtBu ar
£r

Toluensg

Synthesis of 2-[4-(3-bromophenylpiperazin-2-yijpropan-2-ol

A reacti-vial was charged with diacetoxypalladium (2.4 mg, 0.01086 mmol, 801 eq)), Xaniphos
(18 myg, L.0318 mmol, 1.03 &g} and polassium tert butosade G178 mg, 1.58 mmol, 1.5 eq) in
anhvddrous foluene 3.6 mi, O.4 Ny Then 1. 3-dibromobenzens (128 pl, 1.068 mmol 1
aq. and te-butyl 2-{t-hydrony-1-mathylbethyiipiperazine-t-carhoxyilate . {258 mg, 108
mmol) were successively added, The resulting mixiure was stirred overnight at 95°C under Nz,
Water was added and the midure was exiracted with EIOAc. The combined organic layers were
washed with water and brine, dried over phase separator and concentraied under vacuum 1o

afford a brown liquid. The crude product was purified on silica gel column, solid deposit, with a

163
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gradient of DCM/MeOH. Relevant fractions were collected and concentrated under vacuum 1o
afford 2-[4-(3-bromophenyl)piperazin-2-yljpropan-2-ol (163 mg, 51% Yield) as an orange oil. 'H
NMR{DMSO-ds, 400 MHz): 6 (ppm) 7.17 - 7.10 (m, 1H), 7.04 (1, J=2.1 Hz, 1H), 6.80 (ddd, /=12.9,
8.1, 1.8 Hz, 2H), 4.39 (s, 1H), 3.86 — 3.49 (m, 2H), 3.07 - 2.84 (m, 1H), 2.73 {id, J=11.8, 3.1 Hz,
1H), 2.59 - 252 {m, 1H), 2.48 (d, J=2.7 Hz, 1H), 2.34 {1, J=11.0 Hz, 1H), 2.14 (5, 1H), 1.14 (d,
J=6.7 Hz, 8H); m/z = 299.1; 301.0 [M+H}+

Svnthesis of 7-(3-bromophenyh-1,1-dimethyi-5,6,8,8a-tetrahydrooxazolo{3, 4-ajpyrazin-3-one

To a solution of 2-[4-(3-bromophenylpiperazin-2-yilpropan-2-¢! (238 mg, 0.798 mme)
in anhydrous DCM (4 mL, 0.2 N) was successively added dimethylaminopyridine (197 mg, 1.60
mmol, 2 eq.) and tert-butoxycarbony! teri-butyl carbonate (349 mg, 1.60 mmol, 2 eg.). The
resuiting midure was stirred overnighi at room temperature under Ne. Waler was added and the
mixiure was exiracted with EiOAc. The combined organic layers were washed with water and
brine, dried over phase separator and concenirated under vacuum to afford crude material. it
was then purified on silica gel column, solid deposit, with a gradient of Heplane/EIOAcC. Relevant
fractions were collected and concentrated under vacuum to afford 7-(3-bromophenyl)-1,1-
dimethyi-5,6,8,8a-tetrahydrooxazolo]3,4-alpyrazin-3-one  (190mg, 73% Yield) as a coloriess
oil. '"H NMR (DMSOC-ds, 400 MHz): & (ppmy) 7.21 — 7.14 (m, 2H), 7.01 (dd, J=8.1, 2.1 Hz, 1H),
6.96 (dd, J=7.8, 1.1 Hz, 1H), 3.84 (ddd, J=12.2, 3.5, 1.6 Hz, 1H), 3.74 - 3.66 (m, 1H), 3.65-3.58
(m, 1H), 3.48 (dd, J=11.2, 3.6 Hz, 1H), 3.07 (id, /=125, 3.8 Hz, 1H), 2.75 - 2.62 (m, 2H), 1.43
(s, 3H), 1.34 (s, 3H); m/z = 325.0; 327.0 [M+H}+

The next steps were similar {o General Procedure — Phenyi 3.

Exampile 2 — Biological Assays

PKC-theta and PKC-delta inhibition assay

PKC-thela and PKC-delta biochemical activities were measured using the PKC-theta HTRF
KinEASEKkit kit, according {o manufacturer's instructions (Cisbio, catalogue number
81ST1PEJ). Briefly, the kinase buffer component of the kit wassupplemented with 10
mM MgCi2, 1 mM DTT and 0.1% Tween 20. For the PKC-theta assay, STK substirate and ATP
were added o provide a final assay concentration of 525 nM and 6.5 uM, respectively. For the
PKC-delta assay, STK substrate and ATP were added to provide a final assay concentration of
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243 nM and 5.7 uM, respedciively. The streptavidin_XL665 and STK antibody-crypiate detection
reagenis were mixed according o the manufacturer’s instructions. Test compounds were diluted
in DMSO in a series of 10 semi-log siep doses; 10 nL of each compound dose were dispensed
in 384 well plates. Recombinant human PKC-theta (His-tagged 362-706) or PKC-delia (His-
tagged 345-676) was diluted into kinase buffer to provide a final assay concentration of 10 ng/mL
and added to the iest compound for 30 minutes on ice. The reaction was staried by addition of
the substrate and ATF and incubaled at 25°C for 30 minutes or 20 minutes for the PKC-theta and
PKC-delta assays, respeciively. The detection reagents were added, and the plate was
incubated in the dark for 2 hours. Fluorescence was measured on an Envision 2103 plate reader
with optical setup for excitation at 665 nM and emission at 620 nM in the HTRF mode. The ratio
of acceptor and donor emission signals was calculated for each well. Percent inhibition values
were calculated from the HTRF ratios at different doses and fitied 1o a 4-parameter logistic curve
o determine IC580 values (see Table 2).

Effector memory T cells IL-2 release assay

Test compound-mediated inhibition of NFkB signalling in T cells was assessed by guanitification
of the IL-2 secretion by human effector memory T celis (TEM) upon treatment and stimulation.
Human TEM cells were isolated from buffy coats of healthy donors obtained from the French
blood bank. First, peripheral blood mononuclear celis (PBMC) were purified from buffy coais
diluted 1:1 with DPBS (Gibco, cat¥# 14190-094) by Pancoll (PAN BIOTECH, cat#P04-60500)
density gradient cenirifugation at 400 x g for 20 minutes. TEM celis were further enriched by
negative immuno-magnetic cell sorting using a human CD4+ Effector Memory T Cell Isolation Kit
(Miltenyi, cat#130-094-125) according to the manufacturer's instructions. Aliguois of 3 x 10E6
purified TEM cells were kept frozen in Cryo-SFM medium (PromoCell, cal#C-28912) in gas phase
nitrogen untit used. Cell purity was verified by flow cytometry analysis of 200 000 PFA-fixed cells
previously labelied with monocional antibodies anti-CD4-PerCP-Cy5.5 (BD Pharmigen,
cal#332772), anti-CD8-V500 (BD Biosciences, cal#561617), anti-CD14-Pacific Blue (Biclegend,
cat#325616), anti-CD45 RA-FITC (Biolegend, cat#304106) and anti-CCR7-APC (in CD4+
Effector Memory T Cell isolation Kit, Miltenyi, cai#130-094-125).

TEM celis were resuspended in complete RPMI medium composed of: RPMI 1640 (Gibco,
cal#31870-025), 10 % heat inactlivated fetal bovine serum (Sigma, cat#F7524), 2 mM GlutaMAX
{Gibco, cat#35050-038), 1 mM sodium pyruvate 100X (Gibco, cat#11360-038), 1 % MEM non-
essential amino acids solution (Gibco, cat#11140-035) and 100 U/mL penicillin, 100 yg/mL
streptomycin (Sigma-Aldrich, cat#11074440001). 5,000 cells per well were plated onlo flal clear
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potiom 384 well plates (Corning, cal#3770). 5,000 Dynabeads Human T-Activator CD3/CD28
(Gibco, cal#11132D) were added {o each well for cell stimulation. Finally, 10 doses of fest
compound, originally prepared in DMSO by serial semi-log step dilution, were also added to cells
in triplicate wells. Final DMSO conceniration in wells was 0.1% in a total volume of 100 pL
complete medium. Plales were incubated for 24 h at 37°C in 5% CO: atmosphere. After
incubation, cell suspensions were centrifuged at 400 x g and culture supernatanis were
recovered and slored at -80°C. Cell viabilily was assessed by flow cytometry afier staining the
cells with Fixable Viability Dye eFiuor 780 (Invitrogen, cat# 65-0865-14). IL-2 levels were
determined in cell supernatanis using an HTRF human IL-2 detection kit (Cishio, cai#
62HILOZPEH). iL-2 data at the different compound doses were filted {o a 4-parameter logistic
curve to delermine ICse values, corresponding to the compound concentration leading to 50%
reduction of the maximal IL-2 levels observed in each experiment. Viability data were analysed
similarly to exclude cytotoxicity as a cause of lL-2 decrease (see Table 1).

PKC-theta/
et ke . ;
o pC-theta | L CEtheta o theta | PROtheta | PKCAhetal 4 o 0 o
Example no. HATRF piC50 | | L2 piCS0 | PKC-delta .
HTRF piC50 | ,, . iL2 piC50 . . . selectivity

{binned} {hinned) selectivity . ,

{binned)
1 6.3 G 5.0 G 1 F
2 6.3 G 5.0 G 2 F
3 6.1 G 5.3 G 1 F
4 6.6 F 5.3 G 8 E
5 7.1 E 6.1 F 4 F
6 8.0 H 5.0 G 2 F
7 7.0 F 5.6 G 2 F
8 6.4 G 5.4 G 2 F
9 5.7 H 5.9 G i G
i0 6.5 G 5.7 G 1 F
11 5.6 H 5.2 G 4 F
iz 5.3 H 5.0 G 1 G

i3 6.4 G 5.0 G N/D N/D
i4 7.0 F 6.2 F 2 F
15 6.3 G 5.0 G 3 F
i6 5.2 H 5.0 G 1 G
i7 5.3 H 5.0 G 2 F
i8 7.6 B 6.7 £ 3 F
i3 6.7 F 5.7 G 2 F
20 5.4 H 5.0 G 0 G
21 6.5 G 6.0 F 1 F
22 6.3 G 5.8 G 1 F
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23 7.0 F 5.8 G 2 F
24 6.0 G 5.7 G 1 F
25 7.3 E 6.3 F 7 E
26 6.8 F 5.6 G 2 F
27 6.0 G 5.0 G 1 F
28 5.9 H 5.0 G 1 G
28 7.5 E 6.3 F 1 F
30 7.5 E 6.1 F 2 F
31 6.3 G 5.2 G 1 F
32 7 F 5.4 G 3 F
33 7.3 E 6.1 F 2 F
34 6.0 H 5.4 G 2 F
35 7.4 E 6.4 F 3 F
36 7.7 D 6.6 E 1 F
37 7.0 E 5.9 G 5 F
38 8.0 C 6.8 E 4 F
38 6.7 F 5.6 G 1 F
40 7.5 E 6.4 F 4 F
4] 7.1 E 5.7 G 3 F
42 5.7 H 5.0 G 1 F
43 8.1 C 6.2 F 3 F
44 6.7 F 5.0 G 4 F
45 6.7 F 5.4 G 2 F
46 7.9 D 6.6 E 3 F
47 6.5 F 5.6 G p F
43 58 H 5.0 G 1 G
45 6.0 G 5.4 G 1 F
50 7.1 E 6.0 G 2 F
51 7.1 E 5.9 G 3 F
52 6.9 F 5.8 G 2 F
53 6.6 F 5.8 G 3 F
54 7.0 E 57 G 3 F
55 8.0 D 6.4 F 9 £
56 7.7 D 6.1 F i4 D
57 7.3 E 6.2 F 6 E
58 7.9 D 6.5 F 7 £
58 8.3 C 6.9 E 5 F
60 6.9 F 5.8 G 4 F
51 7.3 E 6.1 F 6 E
62 8.2 C 6.9 E 5 E
63 6.0 G 5.0 G 0 G
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64 6.3 G 5.3 G 2 F
65 8.7 B 6.7 E i4 D
66 8.3 C 7.1 D i3 D
67 7.3 E 6.0 G 3 F
68 7.5 E 6.3 F il )]
69 7.4 E 6.4 F 1 F
7C 8.6 B 6.4 F 30 B
71 8.9 B 7.5 D 12 D
72 7.6 D 6.5 E 12 D
73 8.2 C 6.9 E 11 )]
74 8.7 B 7.7 C 12 D
75 8.1 C 6.8 E i1 D
76 7.3 E 6.1 F i1 D
77 7.0 E 5.6 G 12 D
78 7.8 D 6.8 E 11 D
79 7.4 E 6.1 F 2 F
8C 8.2 C 7.1 D 12 D
81 7.6 D 6.7 E 9 E
82 6.0 G 5.4 G 3 F
83 8.5 B 7.1 D 20 )]
84 8.1 C 6.5 F 14 D
85 7.7 D 6.5 F 20 )]
86 7.5 E 6.3 F 10 E
87 8.2 C 7.0 E 10 D
88 8.3 C 7.3 D i4 )]
89 8.5 B 7.2 D 17 D
90 5.1 A 7.8 C i7 )]
91 8.2 C 8.7 E & E
92 8.1 C 6.7 E 6 E
93 7.9 D 6.9 E 12 D]
94 8.7 B 7.7 C 9 £
95 8.7 B 7.5 D i5 )]
36 8.3 C 6.7 E 10 £
97 6.8 F 5.4 G 21 C
98 7 D 6.5 E 15 D]
99 7.5 D 6.1 F 22 C
100 7.2 E 5.3 G 30 B
101 8.2 C 7.0 D 12 D
102 8.8 B 7.7 C i4 D
103 7.8 D 7.0 E 6 E
104 8.3 C 6.9 £ 11 D
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105 9.0 A 7.7 C 7 E
106 6.0 G 5.0 G 10 D
167 7.2 E 6.3 F 7 E
108 7.9 D 6.9 E 15 D
109 8.4 C 6.1 F 25 C
110 9.0 A 7.6 C i6 D
111 8.3 C 6.9 E i7 D
11z 7.8 D 6.6 E 20 C
113 8.5 B 7.1 D 22 C
114 8.3 C 7.2 D 13 )]
115 8.0 C 6.8 E 12 D
116 8.3 C 6.9 E 10 D
117 7.9 D 6.7 E 10 D
118 7.6 D 6.6 E 12 D
119 8.4 C 6.7 E 12 )]
120 7.6 D 6.3 F i5 D
121 7.6 D 6.2 F 12 D
122 8.4 C 6.6 E 16 D
123 7.7 D 5.8 G 25 C
124 8.4 C 6.8 E 16 )]
125 7.8 D 6.4 F 13 D
126 8.5 B 7.6 C iz )]
127 8.9 B 7.6 C 15 D
128 7.6 D 6.5 E 5 F
129 9.3 A 8.4 B 3 F
130 8.1 C 6.8 E 8 £
131 8.4 C 7.4 D 6 E
132 7.0 F 6.0 F 4 F
133 8.6 B 7.3 D 10 D
134 8.1 C 7.0 E 10 D]
135 7.7 D 6.5 E 13 D
136 7.6 D 6.3 F il )]
137 7.9 D 6.6 E i6 D
138 7.8 D 6.2 F 16 D
139 5.1 A 8.7 A 1 F
140 8.8 B 7.9 C 6 £
i41 8.4 C 7.3 D 16 )]
142 8.7 B 7.4 D iv D
143 8.4 C 7.5 D 8 E
144 8.8 B 7.6 C 23 C
145 9.1 A 7.8 C 25 C
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146 8.6 B 7.6 C 4 F
147 8.6 B 7.5 D 10 D
148 7.7 D 6.8 E 3 F
149 7.6 D 6.4 F 15 D
150 7.2 E 5.9 G i3 )]
i51 7.9 D 6.9 E i5 D
152 8.2 C 7.1 D i1 D
153 8.5 B 7.5 C i3 D
154 8.1 C 6.9 E 19 D
155 8.4 C 7.3 D 7 )]
156 7.9 D 6.9 E 12 D
157 8.1 C 6.8 E 20 C
158 8.2 C 6.7 E 10 E
159 8.7 B 7.0 E S E
160 8.5 B 7.0 D g E
161 8.6 B 7.3 D 12 D
162 6.5 F 6.1 F 33 B
163 8.4 C 7.5 C 10 D
i64 8.7 B 7.9 C 5 F
165 8.2 C 7.2 D 12 )]
166 8.5 B 7.5 C 6 £
i67 6.5 F 5.6 G 33 B
168 3.3 A 8.1 B i4 D
169 8.1 C 7.0 D 16 D
170 8.2 C 7.0 E N/D N/D
171 8.6 B 7.4 D 9 £
172 8.0 C 7.0 E i3 )]
173 9.0 A 8.1 B i8 D
174 7.5 E 6.5 E 10 D
175 8.3 C 7.2 D 21 C
176 7.9 D 6.9 E 20 C
177 8.2 C 7.2 D 24 C
178 8.5 B 7.2 D 20 D
179 8.2 C 6.7 E 20 D
130 7 B 6.2 F 28 C
181 7.9 D 6.8 £ 12 D
182 8.1 C 6.8 E 25 C
183 8.2 C 6.9 E 25 C
i84 8.0 D 6.6 E 20 C
185 8.3 C 7.4 D 27 C
186 8.2 C 7.3 D 22 C
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187 8.3 C 7.0 D 28 C
188 8.2 C 7.0 o 23 C
189 8.3 C 6.6 E 16 D
190 8.5 C 7.1 D 32 B
191 7.8 D 6.6 E 22 C
192 8.4 C 5.8 E 31 B
193 8.0 C 7.1 o 16 D
194 8.5 B 7.5 D 23 C
195 9.4 A 8.3 B 30 B
196 8.1 C 7.0 D 26 C
187 9.0 A 7.8 C 14 D
198 8.4 C 7.2 o 30 C
199 8.8 B 7.6 C 16 D
200 8.3 C 7.1 D 27 C
201 9.3 A 8.1 B 18 B
202 8.4 C 7.3 D 22 C
203 8.2 C 7.0 o 14 D
204 8.2 C 6.9 E 24 C
205 8.4 C 7.1 D 13 D
206 7.5 E 6.2 F 23 C
207 6.6 F 57 G 5 F
208 8.7 B 7.7 C 12 B
Table 2: Biochemical dala for representative compounds of the disclosure. in the columns

indicated, the data has been binned in a category of A {o M as indicated below dependent on the

measured valus.

For PKC-theta HTRF:
A means a measured plC50 of between 8.0 and 8.5;
B means a measured pliC50 of between 8.5 and 8.0,
C means a measured pIC50 of between 8.0 and 8.5;
10 D means a measured plCS80 of between 7.5 and 8.0;
E means a measured piC50 of belween 7.0 and 7.5;
F means a measured piC50 of between 6.5 and 7.0;
G means a measured plC50 of between 6.0 and 6.5;
H means a measured piC5h0 <6.0.
15
For PKC-theta CD4Tc IL-2:

A means a measured plC50 of between 8.5 and 9.0,
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10

15

B means a measured plC50 of between 8.0 and 8.5;
C means a measured plCS80 of belween 7.5 and 8.0;
D means a measured plC50 of between 7.0 and 7.5;
E means a measured plC50 of belween 6.5 and 7.0;
F means a measured plC50 of between 6.0 and 6.5;
G means a measured piC50 <6.0.

For PKC-thetla/PKC-delia selectivity:
A means a ratic of between 50 and 120;
B means a ratio of batween 30 and 5¢;
 means a ratio of between 20 and 30;
D means g ratio of between 10 and 20;
E means a ratio of between 5 and 10;
F means a ratio of between 1 and 5;
G means gratio of 0o 1.

Maodifications may be made i{o the above examples without deparling from the scope of the
present invention as defined in the accompanying claims.
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CLAIMS

1. A compound of structural Formula |

A _R3
RS /EE\
\’? D° R4
R6

or a pharmaceutically acceptable sall, solvale, sterecisomer or mixiure of sierecisomers, faufomer, or
isofopic form, or pharmaceutically active metabolite thereof, or combinations thereof, wherein:

A is selected from the group consisting oft N, C-R? where R? is selecied from hydrogen,
halogen, C1-3 alkyl and CN;

B is selected from the group consisting of: N; C-H; C-F and C-{(C1-3 alkyly;

D is selected from the group consisting of: N; C-H; C-R® where R® is selected from halogen;
C1-3 alkyl; and C1-3 haloalkyl;

G is selected from the group consisting of: CR1R2; NR1,; and §;

R1 and R2 are independently selected from the group consisting of: hydrogen, halogen, C1-3
alkyl; C3-7 cycloalkyl, C1-3 alkoxyl; C2-6 cycloalkoxyl, C2-6 alkyl alkoxy; hydroxyl; C1-3 alkyl hydroxyi;
amino; C1-3 alkyl amino; C1-4 amino alkyl; C2-7 alkyl amino alkyi; C1-3 haloalkyl; aryl; heteroaryl; alkyl
aryl and alkyl heteroaryl; or

R1 and R2 iogether form a 3-5 membered optionally substituted spiroc carbocyclic or
heterocyclic ring;

R3 is selected from the group consisting of. hydrogen, C1-2 alkyl, OMe and halogen;

R4 is selected from the group consisting of: hydrogen; C1-5 alkyl, C3-7 cycloalkyl, C1-5
haloalkyl; C1-5 atkoxyl, C1-5 haloalkoxyl; alkyl alkoxy; C2-8 hetercocycloalkyl; CN and halogen;

E is selected from the group consisting of: N; C-H; C-R*, where R° is selecied from the group
consisting of halogen; hydroxyl; ©1-3 alkyl hydroxyl; €1-3 alkyl amino; C1-3 haloalkyl; C2-6 alkyl
alkoxyt, and CN;

R5 and R6 are each independently selecied from the group consisting of: hydrogen; C2-5 alkyi;

C1-C5 amino alkyl; 4-8-membered amino alkyl ring; C1-9 alkyl alkoxy; C1-9 alkyt amino alkyl; or
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R5 and R6 are joined iogether o form an oplionally substituted, optionally bridged Ring Z,
wherein Ring Z is a C3-10 heterocycloalkyl mono- or bicyclic ring; or
E, R5 and R6 iogether are J, wherein J is selected from the group consisting of: N-RY; C(=O)RY;

SO2RY: O-RY, wherein RY is a 4-8-memberad amino akyl ring.

2. The compound of Claim 1, wherein Ring Z is an optionally substituted, optionally

bridged, 4-8-membered amino alkyl ring with the general Formuia la;

TR
R7-N \/I

wherein R7 is selected from the group consisting of. hydrogen; C1-3 alkyl; and C1-3 haloalkyl.

ia

3. The compound of Claim 1 or Claim 2, wherein Ring Z is:
R21
R13 '2?{
n E/
N R8
ri2”
RS
R R10

wherein R8, R8, R10, R11, R13 and R21 are each independently selected from the group
consisting of hydrogen, C1-3 alkyi, C1-3 alkyt alkoxy; C1-3 alkyl hydroxyl, amino; C1-3 alkyl amino;
C1-6 alkyl amino alkyl; C1-3 haloalkyl, alkyl heteroary!;

R12 is selecied from the group consisting of: hydrogen,; C1-3 alkyl; and C1-3 haloalkyl; or

any one of R8, RY, R10, R11, R12, R13 and R21 may be joined to ancther, differeni R8, RS,
R10, R11, R12, R13 or R21 {o form a 3-7-membered spiro or bicyclic carboceyclic or heterocyclic ring
structure, and/or a 3-6 membered bridged carbocydlic or heterocyclic ring structure.

n is selected from the group consisting of: §; 1; and 2.

4. The compound of any one of Claims 1 to 3, wherein:

n=0; and
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E is selected from the group consisting of: N; C-H; C-RY, wherein RY is selected from
the group consisting of haiogen; alkoxy; C1-3 alkylhydroxy; C1-3 haloalkyl; C2-5 alkyl alkoxy;
C2-5 alkyl nitrile.

5. The compound of Claim 4, wherein Ring Z is:

or

[82)

The compound of any one of Claim 2 or Claim 3, wherein G is CR1R2Z and Ring Z is:

R21

R13 ‘;;{
E/

R8

wherein;

A is selected from the group consisting of: C-H, C-F, C-Ciand C-Br;

B and D are each independently selecied from the group consisting of: N and C-H;

E is selected from the group consisting of: N, C-F and C-H;

R1 is selected from the group consisting of: hydrogen, Me; Et; OMe; OEtL; OH; NH2 and NHMe;
and

R2 is selecied from the group consisting of: hydrogen, Me and Et; or

R1 and R2 together form a 3-6 membered spiro carbocyclic or heterocyclic ring;

R3 is hydrogen or halogen;

R4 is selected from the group consisting of: hydrogen; Me, Et, CFzH; CF3; CF2Me; OMe; OFEL;
OCF2H; OCF;; CN; Cl and F; and
wherein:

KR8 and R2 are each independently selected from the group consisting of: hydrogen; Me; Et;
CHOH; CHMeOH; CMe,OH; CHOMe; CHF and halogen;

R10 and R11 are each independently selected from the group consisting of: hydrogen; Me, Et,
CH2OH, CHMeOH, CMexOH, CH2OMe, CHoF CHF2; CH2CF; and CHa-heteroarvk;

R12 is selected from the group consisting of: hydrogen and Me;

R13 is selected from the group consisting of: hydrogen and Me;
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R21 is selected from the group consisting of: hydrogen; and Me; or
wherein:

any one of B8, R8, R10, R11, R12, B13 and R21 may be joined to ancther, different B8, RO,
R10, R11, R21, R13 or R21 to form a 3-7-membered spiro or bicyclic carbocyclic or heterocyclic ring
struciure, and/or a 3-6 mamberad bridged carbocyclic or heterocyclic ring siruciure.

7. The compound of Claim 6, wherein:

a) one ofR3 and RYis joined to one of R10 and R11 {o form a [6,3}-, [6,4]-, [6,5)-,
[6,71- or [8,8]-bicyclic structure;

b) one of R8 and R9 is joined to R13 o form a [6,5,5}-, [6,6,8}-, [6,7,7]- or [6,8,8]-, bridged
structure;

¢y one of R10 and R11 is joined to R13 to form a [6,6.4]-, [6,7,5]- or [6,8,6]-, bridged
structure;

d) one of R10 and R11 may be joined to R21 {o form a [6,5,5]-, {6,6,6)-, [B6.7.7}-, [6.8.,8]-,
bridged siruciure;

e) one of R8 and R may be joined to R21 to form a [6,6,4]-, [6,7,5}-, [6,8.6]-, bridged
structure,

fy R8is joined o RO 1o form a [6,3}-, [6,4-], [6,5]-, [6,8]- or {8,7]-spiro structure; or

g) R10 is joined to R11 o form a [6,3}-, [6,4-], [6.5]-, [6,6]- or [6,7]-spiro structure.
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8. The compound of any one of Claims 1, Z or 8, wherein Ring Z is selecied from the group
consisting of:

Zz
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9. The compound of any one of Claims 1, 2, 6 or 8§, wherein Ring Z is selecied from the group

consisting of:

:"”““’O
S\ )
~ R st
;{“N - N
NH NH

10. The compound of Claim 2 or Claim 3, wherein G is CR1R2 and Ring Zis:

R20

R18~ \ "
R14

R15

wherein;
A is selected from the group consisting of: C-H, C-F, C-Ciand C-Br;

B and D are each independently selecied from the group consisting of: N and C-H;

E is selected from the group consisting of: N; C-H and C-F;
R1 is selected from the group consisting of: hydrogen; Me; Et, OMe; OEt; OH; NH2 and NHMe;

and
R2 is selecied from the group consisting of: hydrogen, Me and Et; or
R1 and R2 together form a 3-6 membered spiro carbocyclic or heterocyclic ring; particularly a

4-5 membered carbocyclic or heterocyclic spiro ring;
R3 is selected from the group consisting of: hydrogen and F;
R4 is selecied from the group consisting of: Me, Et; CFH,;, CF;; CFMe; OMe,; OEL;, OCF2H;

CN; Cland F;
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R14, R15, R17, R18, R19 and R20 is each independently selected from the group consisting
of: hydrogen, Me and F.

R16 is selected from the group consisting of: hydrogen and Me.

i1. The compound of Claim 10, wherein:

ay eachofR14, R15, R16, R17, R18, R19 and R20 are hydrogen;

b} when one of R14, R15, R17, R18 and R20 is Me, R16 and R19 are hydrogen;
c) whenR18isF, R14, R15, R16, R17, R19 and R20 are hydrogen;

dy when Ri8is F and R192 is Me, R14, R15, R186, R17 and R19 are hydrogen;

e} wherein R18 and R19 are both F and R14, R15, R17 and R20 are hydrogen;
) whenkis C-H, and R14 or R20is F.

12. The compound of Claim 1 or Claim 10, wherein Ring Z is selected from the group consisting
of:

P
o
-
Py
-
-

13. The compound of any one of Claims 1 1o 12, wherein when G is N-H, Bis N.
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14, A compound according to Table 1, or a pharmaceutically acceptable salt, solvaie, sterecisomer
or mixiure of sierecisomers, tauiomer, isotopic form, or pharmaceutically active metabolite thereof, or

combinations thereof.

15. A pharmaceutical composition comprising one or more compound of any of Claims 1 1o 14 or
a pharmaceutically accepiable salt, soivate, sierecisomer or mixure of slerecisomers, tautomer,
isotopic form, or pharmaceutically active metabolite thereof, or combinations thereof, and one or more

pharmaceutically acceptable carrier.

i6. The compound of any of Claim 1 o 14 or the pharmaceutical composition of Claim 15 for use
in the treaiment of a disorder or disease selected from an autoimmune disorder and/or inflammatory
disease and/or oncologic disease and/or cancer and/or HIV infection and replication.

i7. The compound or pharmaceutical composition for use according to Claim 16, wherein the
disorder or disease is selected from the group consisting of rheumaiocid arthritis, multiple sclerosis,

psoriasis and atopic dermatitis.

18. The compound or pharmaceutical composition for use according to Claim 16 or Claim 17,
wherein the compound is an inhibitor of PKC-theta.

19. The compound or pharmaceutical composition for use according to any of Claims 16 o 18,
wherein the use is in a method comprising adminisiering the compound orally; topically; by inhalation;
by intranasal administration; or systemically by infravenous, intraperiioneal, subcutaneous, or

intramuscuiar injection.

20. The compound or pharmaceutical composition for use according o any of Claims 16 to 19,
wherein the use is in a method comprising administering one or more compound according 1o any cne
of Claims 1 1o 14 optionally in combination with one or more additional therapeutic agent.

21. The compound or pharmaceutical composition for use according io Claim 20, wherein the
administering comprises administering the one or more compound according {o any one of Claims 1 fo
14 simultansously, sequentially or separately from the one or more additional therapeutic agent.

22. The compound or pharmaceutical composition for use according to any of Claims 18 o 21,
which comprises administering to a subject an effective amount of the compound according to any one
of Claims 1 1o 14, wherein the effective amount is between about 5 nM and about 10 M in the blood
of the subject.
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