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Abstract

This thesis describes the development and discovery of chemical probe molecules
for non-BET bromodomains.

Studies have demonstrated that inhibitors of the BET family of bromodomains show
profound anti-cancer and anti-inflammatory properties, with several molecules
entering clinical trials. However, the BET family represents just 8 of the 56 human
bromodomains identified, leaving the majority of this intriguing target class yet to be
investigated. Chemical probes are an essential component of the biological tool set
required to delineate the function of bromodomains for both target validation and
invalidation. Therefore, this thesis describes the studies towards the identification of
chemical probes for non-BET bromodomains to facilitate elucidation of their

biological roles.

Firstly, the development of [-BRD9, the first selective cellular probe for
Bromodomain Containing Protein 9 (Brd9) is presented. I-BRD9 was identified
through iterative medicinal chemistry, starting from a potent but unselective amide.
Structure-based design was used to guide modifications to the scaffold to deliver
excellent activity (Brd9 pKy: 8.7) and greater than 70-fold selectivity for Brd9 over
every other bromodomain tested. |-BRD9 shows good selectivity over 49
pharmacologically relevant targets, and evidence of Brd9 cellular target
engagement. The compound is now freely available to the scientific community
through the Structural Genomics Consortium or for purchase via commercial
suppliers. Therefore, the biological effect of Brd9 bromodomain inhibition can be

investigated for the first time.

Secondly, focus was placed on the development of a chemical probe for
Transcription initiation factor TFIID subunit 1 (TAF1). Starting from a hit identified in
a cross-screen, work was carried out to optimise the activity, selectivity and physico-
chemical properties of the chemotype. A compound with excellent TAF1 BD2 activity
(pICso: 7.2) and 280-fold selectivity over every bromodomain tested was identified.
However, the compound shows poor permeability, therefore, further work to

optimise the physico-chemical properties of the template is required.
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1 Introduction

1.1 DNA structure and function

DNA, the carrier of genetic information, which can be passed on from one
generation to the next, is pivotal to the existence of life. As the blueprint for creating
living organisms, it codes for the highly specific synthesis of proteins from a series of

amino acids.

The 3-dimensional structure of DNA was first investigated by Wilkins and Franklin in
1953 using X-ray diffraction. 2 The characteristic diffraction pattern indicated that
DNA was formed of two chains, assembled in a regular helical structure. From these
discoveries, Watson and Crick provided a structural model of DNA,? for which they
were awarded the Nobel Prize in Medicine in 1962. These findings led to the
discovery that DNA consists of chains of nucleotides, each composed of a sugar, a
phosphate and a base. The sugar-phosphate backbone serves a structural role,
whilst the specific sequence of bases provides the genetic code.” The double helical
structure consists of two anti-parallel but complementary nucleic acid strands, which
interact through a series of hydrogen-bonds. Although relatively weak, these
interactions provide support to the helical structure, tethering the two chains
together (Figure 1).

Nucleotide

— Hydrogen
bonds
Sugar-phosphate
backbone
Key
Adenine (A)
Thymine (T)
Cytosine (C) I
Guanine (G) [l

Figure 1: 3-Dimensional structure of DNA.°

There are four DNA bases, namely adenine (A), guanine (G), cytosine (C) and
thymine (T), which form two sets of complementary pairs. G is always paired with C
and A with T, which determines the sequence of the newly formed DNA strand

during the replication process (Figure 2).
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Thymine Adenine Cytosine Guanine

Figure 2: Complementary pairs of DNA bases.

Although genes are composed of sections of DNA, the DNA itself is not the direct
template for protein synthesis. The process of transcription describes the copying of
DNA into RNA, the complementary nucleic acid strand. This RNA, namely
messenger RNA (mRNA), provides a set of instructions for subsequent translation,
the process by which cellular ribosomes synthesise proteins. A sequence of three
base pairs in mRNA, defined as a codon, interacts with the anti-codon located on
transfer RNA (tRNA), via hydrogen-bonds. As each tRNA molecule carries a specific
amino acid defined by its anti-codon, this determines the sequence of residues in
the growing polypeptide chain.®

The flow of genetic information from DNA to RNA, eventually to form proteins, is
described by the central dogma of molecular biology, stated by Francis Crick in
1970 (Figure 3).”

Replication

DNA

U Translation

Figure 3: Schematic representing the central dogma of molecular biology as described by
Francis Crick.

DNA directs its own replication through transcription to yield RNA, which is
translated to form proteins. The solid lines indicate the transfers of genetic
information that occur in all cells and dotted lines represent special transfers known

to occur, but only under specific conditions. These transfers could be observed in
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the case of viruses or in a laboratory. Finally, according to the central dogma,

transfers such as protein to DNA or protein to RNA are postulated to never occur.

1.2 Epigenetics and the histone code

The decoding of the human genome in 2003 revealed the specific sequence of
chemical base pairs which make up DNA. This genetic blueprint allowed individual
protein encoding genes to be identified of which there are approximately 30,000 in
humans.® Chromosomes, located inside the nucleus of every cell, carry this genetic
information, which serves as a template for the regulation of gene expression and
subsequent transcription.” A comparison of the number of genes identified by the
human genome project with the many phenotypes recognised in human
development, suggests that there are far fewer genes than originally considered.
One hypothesis is that this could be due to epigenetics, defined as heritable
changes in gene expression caused by mechanisms other than those facilitated by
changes to the underlying DNA sequence.’® ** Simplistically, epigenetic processes
control patterns of gene expression, which in turn, are governed by the structure of

chromatin and therefore the accessibility of DNA.

Chromosomes contain a large amount of DNA relative to their condensed length.
Each chromosome consists of a single double helix, which in humans, averages
approximately 2 x 10® nucleotide pairs. If extended, this would measure 6 cm in
length, 10,000 times longer than the diameter of a cell nucleus (6 um).® This DNA,
including that of the 45 other human chromosomes, must be compacted into the
nucleus of each cell. To aid this organisation, DNA is wrapped around an octameric
core of small protein modules known as histones (H2A, H2B, H3 and H4). These
structural subunits are termed nucleosomes, which bundle together to form

chromatin fibre (Figure 4).*
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___—DNA double helix

e I,
& nucleosome

histone tail

octameric histone core

chromosome

e

chromatin fibre

Figure 4: Structure of a chromosome. DNA is compacted around histone proteins gshown as
purple spheres) to form nucleosomes, which bundle together to form chromatin fibre.*?

Importantly, the packing of genetic material is dynamic, changing size and position
to allow transcriptional enzymes to move along the DNA. The regulation of DNA
packing to form open and closed states of chromatin is mediated by epigenetic
proteins through a series of post-translational modifications (PTMs). The termini of
histone tails, which protrude out from the nucleosome surface, are susceptible to
various PTMs, including acetylation, methylation and phosphorylation.** These site
specific modifications act in a combinatorial fashion to form the ‘histone code’, which

aids the regulation of chromatin cellular activity and, in particular, gene expression.*

Lysine acetylation is one of the most abundant and extensively studied histone
modifications, regulated by the opposing action of histone acetyltransferases (HATS)
and histone deacetylases (HDACs), which ‘write’ and ‘erase’ acetylation marks,

respectively (Figure 5).*
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nucleosome

“‘?;‘;’.“e/ Ia IL o
o

Writing Erasing Reading
HAT HDAC BRD

®

Figure 5: Nucleosomes are subject to the activity of chromatin modifying enzymes. Writers (left)
introduce modifications to histone tails, erasers (centre) delete and the reader proteins (right)
recognise.

Approximately 25% of the residues present in histone proteins are positively
charged lysine and arginine residues,® which attract the negatively charged
phosphate backbone in DNA. Acetylation of the lysine e-amino group, mediated by
HAT enzymes (writers), leads to charge neutralisation, and therefore reduces the
strength of these electrostatic interactions. Simplistically, this creates a more open
and relaxed state of chromatin (euchromatin), increasing the accessibility of DNA to
the binding of transcriptase enzymes. This in turn, leads to transcriptional activation
and subsequent gene expression. In contrast, HDACs (erasers) oppose the activity
of HATs and reverse lysine acetylation levels. Consequently, the positive charge on
the lysine residue is restored, creating a compact, deactivated state of chromatin
(heterochromatin).’® However, this theory is now considered to be an over
simplification, as it is believed that the recruitment of multiple chromatin remodelling
complexes is required for transcriptional activation.'” For example, methylation of
lysine residues does not lead to neutralisation of positive charge, and therefore does
not affect chromatin structure directly. Interestingly, like bromodomain binding,
lysine methylation can be associated with either transcriptional activation or
repression. For example, H3K4Me; represents a marker for transcriptionally active

genes, whereas H3K27Me; is associated with silenced genes.*

Chromatin modifying enzymes have been the focus of much research in drug
development, leading to the discovery of novel inhibitors for these domains.'®
Associated with this, there are currently two Food and Drug Administration (FDA)
approved drugs, namely Vorinostat (1.001)* and Romidepsin (1.002),° which are in

use for the treatment of T-cell ymphoma (Figure 6).
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Vorinostat, 1.001 Romidepsin, 1.002

Figure 6: Chemical structures of HDAC inhibitors Vorinosat (1.001) and Romidepsin (1.002).

Vorinostat (1.001) and Romidepsin (1.002) act as class | HDAC inhibitors and aim to

rebalance abnormal lysine acetylation levels.

The discovery of potent inhibitors for HDAC enzymes has generated considerable
pharmaceutical interest in targeting HAT complexes for drug development.
However, the majority of HAT inhibitors identified to date are promiscuous, binding
to multiple classes of proteins. The large bi-substrate inhibitor, Lys-CoA (1.003)
shows 0.5 uM and 200 uM activities against HAT-containing proteins p300 and
PCAF, respectively.”* Subsequently, Lys-CoA (1.003) was used to probe the
enzymatic function of these proteins, serving as a useful tool to evaluate the cellular
role of HATs. More recently, C646 (1.004), was reported as an inhibitor of p300.%
Discovered by virtual screening, C646 (1.004) displays K; = 400 nM against p300,
with selectivity over 6 other HAT complexes (Figure 7).

O~ "OH
C646, 1.004

Figure 7: Chemical structures of Lys-CoA (1.003) and C646 (1.004).
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Until recently, significantly less attention had been paid to the ‘reader’ proteins
known as bromodomains, which along with other epi-reader modules act to decipher
the ‘histone code’. These domains often form part of far larger chromatin associated
proteins, containing other catalytic domains such as HATs and HDACs.* As such,
bromodomain-containing-proteins (BCPs) aid the recruitment of the cellular
transcriptional machinery, helping to localise the relevant effector protein to a certain

histone mark.

1.3 Bromodomain structure and acetyl lysine recognition

Bromodomains, named after the Drosophilia gene brahma, where they were first
identified,?* are the only protein modules known to selectively target and bind to
acetylated lysine residues.® To date, at least 42 human BCPs are known, each of
which contains between 1 and 6 individual bromodomains. In total, this amounts to

56 unique bromodomains, which are classified into 8 distinct subgroups based on

. . 25, 26
their sequence homology (Figure 8).
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Figure 8: Human bromodomain phylogenetic tree. The 56 bromodomains are placed into 8
subfamilies according to their sequence homology.
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Bromodomains found within the same protein often exhibit no greater similarity to
each other than bromodomains located within different proteins, suggesting that
each individual domain serves a unique and distinct function.”” The first
bromodomain structure resolved was that of PCAF in 1999 by solution NMR.? Since
then, the 3-dimensional structures of over half of these domains have been
determined, mostly by X-ray crystallography. These structural discoveries have
revealed that bromodomains possess a highly conserved structure, consisting of
approximately 110 amino acids. The majority are characterised by 4 a helices (Qa,

ag, Oc az), linked by two flexible loop regions (Figure 9).%

Figure 9: X-ray crystal structure of Brd4 BD1 in complex with H3K14 (PDB code = 3UVW). Grey
dashed lines represent hydrogen-bonds and water molecules are shown as red spheres.
Highlighted in grey are the ZA and BC loops, which form the basis of the hydrophobic binding
pocket. The expanded area displays the conserved asparagine (Asn140) and tyrosine (Tyr97)
residues. Asn140 forms the key hydrogen-bond to the carbonyl moiety of KAc, whilst Tyr97
participates in a water-mediated interaction.

Two highly conserved amino acids located within the hydrophobic binding pocket
are known to be essential for acetyl-lysine (KAc) recognition in typical
bromodomains. The acetyl carbonyl group forms a direct hydrogen-bond to the side
chain amide nitrogen of an asparagine residue (Asn140, Brd4 BD1 numbering), as
well as a water-mediated interaction to a tyrosine (Tyr97, Brd4 BD1
numbering).?#*° In addition, the methyl group of the acetyl moiety sits in a small
hydrophobic cavity, surrounded by four crystallographically ordered water
molecules. Interestingly, these waters are conserved in the majority of

bromodomains. Despite being situated in a hydrophobic region, research has shown
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that these water molecules are difficult to displace, suggesting a key role in the
assembly of the binding site.** Additional studies have shown that the larger propyl
(KPr), butyl (KBu) and crotonyl (KCr) moieties can be accommodated in this
hydrophobic cavity.***® The biological significance of this remains unclear, however,
histones containing both propionylated and butyrylated residues have been found in
both yeast and mammals.?’

Although the hydrogen-bond interactions described are essential for KAc
recognition, binding affinity to the bromodomain itself is inherently weak.” ** In the
case of the histone specifically, binding affinity arises from interactions between the
histone peptide tail and the entrance to the KAc binding pocket. In the BET family of
bromodomains, this region corresponds to a small lipophilic cleft known as the WPF
shelf. This area is defined by 3 amino acids (Brd4 BD1 numbering), namely, Trp81
(W), Pro82 (P) and Phe83 (F). Numerous studies have shown that interactions with
this lipophilic region are important for the binding of synthetic ligands."’

The overall organisation of typical bromodomains is largely conserved, however,
sequence variations occur within the ZA and BC loops, due to nhumerous amino acid
insertions and deletions. These regions exhibit the greatest sequence variation,
accounting for the ability of bromodomains to discriminate between KAc residues in
different peptide sequences.*

1.4 Bromodomains as therapeutic targets

Of the 42 human BCPs identified to date, very few have well-characterised
biological roles. However, the BCPs that have been identified have been implicated
in a variety of diseases including cancer, inflammation and viral replication.*” 3 36 37
BCPs are often multi-component complexes, but, in very few cases has the
bromodomain within the BCP been specifically linked to a disease. In fewer still has
inhibition of the bromodomain-KAc interaction been shown to be functionally
relevant. As a result of this, the therapeutic potential of bromodomain inhibition is
not well understood.*® The diseases for which human BCPs have been implicated
can be classified into 5 distinct areas: oncology, neurological disorders, metabolic
disease, inflammation, and infectious disease, each of which will be discussed in
turn. It is of note that the majority of these disease indications are supported by
protein knock-down experiments, and those that have been identified by selective

bromodomain inhibition will be referred to specifically.
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1.4.1 Oncology

BCPs have been found to play a significant role in the cell cycle, apoptosis,
metastasis and proliferation, suggesting that there is a convincing rationale for
targeting these domains within oncology.* Furthermore, research has shown that
the expression levels of several bromodomains have been associated with various
forms of cancer. In a subset of BCPs, siRNA protein knock-down studies have
shown that decreased BCP expression inhibits tumour cell growth and/or enhances
survival. These BCPs include ATAD2, BPTF, EP300, SMARCA2, SMARCA4,
TRIM24 and TRIM28.%® Furthermore, ATAD2 is over expressed in more than 70% of
breast cancers and high protein levels correlate with poor survival and disease
reoccurrence.*® Abnormal expression of TRIM24 has also been reported in breast
cancer and high expression levels have been shown to negatively correlate with
patient survival rates.** The human transcriptional co-activator CREBBP has been
implicated in tumour initiation, progression and metastasis. Furthermore, elevated
expression levels of CREBBP are observed in patients with prostate, breast and

lung cancers, as well as acute leukaemia.***

The Bromodomain and Extra Terminal domain (BET) family of bromodomains,
including Brd2, Brd3, Brd4 and BrdT, are the most extensively studied family,
providing the most compelling evidence that bromodomain inhibition may be
relevant in oncology. For example, the use of (+)-JQ1* (1.005a, Figure 10), a high
affinity BET family selective chemical probe, demonstrated that the chromosomal
translocation of Brd4 (and more rarely Brd3) with the NUT gene results in a rare but
fatal condition known as NUT midline carcinoma (NMC). This translocation leads to
the expression of the Brd4-NUT onco-protein, a leading cause of aggressive tumour
growth.* *® The structurally related BET bromodomain inhibitor, I-BET762 (1.006a,
Figure 10), identified by GSK is currently undergoing phase I/ll clinical trials for the
treatment of NMC and other haematological malignancies (NCT01587703).*

10
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Figure 10: Chemical structures for BET bromodomain inhibitors (+)-JQ1 (1.005a), I-BET762
(1.006a) and RVX-208 (Apabetalone, 1.007).

Further studies have shown that the BET proteins act as regulatory cofactors for c-
Myc, a master regulatory factor of cell proliferation. Activation of the c-Myc onco-
protein is known to significantly affect cell division and survival, playing a key role in
the development of cancer.*®

More recently, Brd9 and SMARCA4 have been identified as part of the human BAF-
Type SWI/SNF multi-protein domain, a chromatin remodelling complex involved in
transcription and DNA repair.*® *° This complex has been found to play a key role in
the development of synovial sarcomas, an aggressive soft tissue tumour accounting

for approximately 10% of all human soft-tissue sarcomas.>*

1.4.2 Neurological disorders

There is increasing evidence to suggest that epigenetic proteins play a significant
part in the development of various neurological conditions such as schizophrenia
and bipolar disorder (Brdl and SMARCAZ2),°**® William’'s syndrome (BAZ1B),>
Rubinstein-Taybi syndrome (CREBBP, EP300)>* and epilepsy (Brd2).® In these
cases, genetic studies have shown that reduced protein expression and/or reduction
or loss of function is associated with disease. Therefore, therapeutic agents which
up-regulate or activate the appropriate BCP could provide a method for treatment.
However, no study has addressed bromodomain specific effects in this context.
Therefore, the positive or negative effects of bromodomain inhibition remain

unknown.>®

1.4.3 Metabolic disease

Several BCPs have been implicated in various metabolic diseases. This has been

57

observed for BAZ1B, with links to plasma protein C concentrations,” type 2

diabetes® and serum lipid cholesterol;>® for SMARCA4, with links to total plasma

I;GO

cholesterol;®® and for PCAF with links to vascular morbidity and mortality.®* In

11
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addition, the BET family of bromodomains, in particular Brd2, have been found to
play a role in the development of obesity and type 2 diabetes.®” More specifically,
Brd2 is known to be involved in promoting insulin resistance. The BET family
selective chemical probe, I-BET762 (1.006a, Figure 10) has been shown to
upregulate Apolipoprotein A1 (ApoAl), a protein involved in anti-inflammatory and
metabolic processes.*” As ApoAl plays a crucial role in lipid transport, metabolism
and protection against cardiovascular disease, inhibition of these bromodomains
may represent an effective treatment for these conditions.

1.4.4 Inflammation

Genetic links to autoimmune and inflammatory conditions have been reported for
several BCPs. For example, Brd2 has been implicated in rheumatoid arthritis®® and
SP140 in Crohn’s disease.** Furthermore, links to other disease indications have
been reported for bromodomain containing HATs including CREBBP and EP300,
which were proposed therapeutic targets for the treatment of asthma and lung
inflammation.®® EP300 and PCAF regulate inflammatory responses through the
regulation of COX2, a key enzyme of prostaglandin synthesis and a clinically
successful target for the development of anti-inflammatory drugs.®® SMARCA4, a
crucial component of the previously mentioned SWI/SNF BAF type complex has
been implicated in various immune functions. This complex is required for T cell
differentiation and development, and for the induction of a subset of cell signalling

proteins known as cytokines.®’

The BET family of bromodomains are the most well-validated targets for
autoimmune and inflammatory disease. Early evidence for the role of BET proteins
came from experiments in which Brd2 was over-expressed in transgenic mice.
Results from this study showed development of splenic follicular B cell lymphoma.®®
The protein for which there is most evidence for targeting bromodomains within this
context is Brd4. This bromodomain has been shown to play an important role in
lipopolysaccharide (LPS)®° stimulated, NF-kB® dependent gene expression in

macrophage immune cells.*’

The most recent studies in this area utilise the BET bromodomain inhibitor,
I-BET762 (1.006a), providing an indication that there is therapeutic potential in
targeting the bromodomain within the BCP.*" Studies have shown that I-BET762
(1.006a) suppresses the expression of key inflammatory genes in LPS stimulated

macrophages. The translation of these in vitro observations to an in vivo mouse

12
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model of endotoxic shock provided exciting results. Dosing of I-BET762 (1.006a)
suppressed cytokine expression and promoted survival in mice administered with

lethal doses of LPS.*""*

Further evidence for the role of the BET family of bromodomains in inflammatory
disease is provided by RVX-208 (Apabetalone, 1.007, Figure 10), developed by
Resverlogix.” Although not developed as a BET bromodomain ligand, RVX-208
(1.007) was the first BET inhibitor to enter clinical trials for the treatment of
atherosclerosis (currently in phase Ill; NCT01067820). This compound acts by
increasing expression levels of the high density lipoprotein ApoAl, which has
emerged as a promising strategy for the treatment of this disease. ApoAl
expression is regulated by BET BCPs and inhibition of these bromodomains has
been associated with ApoAl up-regulation on both transcriptional and protein

levels.”™ ™

1.4.5 Infectious disease

Several BCPs are known to be involved in modulating responses to viral or bacterial
infection. For example, protein knock-down experiments suggest that BET proteins
play a role in the life cycle of HIV, herpes and papilloma viruses.” In addition, a
number of studies suggest that the bromodomain of PCAF plays a fundamental role
in HIV replication, through an association with the viral Tat protein.”® Small molecule
inhibitors which block this association could present an opportunity to suppress HIV

progression.

1.4.6 Therapeutic potential of BCPs

Given the increasing weight of evidence to support BCP association with disease,
there is now a convincing rationale for targeting these proteins as a therapeutic
strategy. However, across the entire BCP family, relatively few sub-micromolar
affinity, selective bromodomain ligands are known. Therefore, the development of
high quality chemical probes is essential to enable effective target validation and

subsequent drug discovery.

13
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1.5 Chemical probes

1.5.1 Chemical probes as tool molecules

Chemical probes are tool molecules, which can be used to interrogate the biology of
a target protein. The use of these compounds aims to bridge the gap between
chemical biology and drug discovery, enabling target validation (or invalidation, see
Section 1.5.3.8, page 36) before the launch of a full drug discovery programme.
However, the understanding of what constitutes a high quality probe is a topic of

debate. Recent reviews’” "

in this area suggest that a chemical probe should be
a potent and selective inhibitor of protein function at the site of action, which should
satisfy a short list of guidelines: (i) in vitro potency versus the target and selectivity
against other molecular targets that could potentially interfere with the biological
read-out of interest; (ii) in vitro evidence of the mechanism of action in the target
protein; (iii) sufficient chemical and physical property data to interpret results as due
to its intact structure or a well-characterised derivative; and (iv) cellular activity data
to address a hypothesis about the role of the molecular target in a cell’s response to

its environment (Figure 11).

(i) Exposure at (0 b ) (iii) Identity of (iv) Proven

of action
and target
engagement

the site of
action

active utility as a
species probe

Figure 11: The 4 principles which should apply in order to generate high quality chemical
probes to enable target validation.

It is important to understand the key difference between a drug molecule and a
chemical probe: drugs must be safe and effective, whereas chemical probes are
used to ask a specific biological question. As such, drug molecules and chemical
probes can be very different in their characteristics. For example, unlike a chemical
probe, a drug does not need to have a selective activity profile. Indeed,
polypharmacology may be a desirable property to drive efficacy in a disease state.
In addition, drug candidates should display excellent physico-chemical properties
and pharmacokinetics (PK). Chemical probes do not need to meet the same
requirements as a sucessful medicine, as their purpose is entirely different. Whilst
physico-chemical properties and PK can be important and useful for probe
molecules, these qualities are not essential for their use. However, it is essential that
chemical probes display high potency and excellent selectivity in order to confidently

assign a given phenotype to the protein of interest. To build further confidence in the
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biological phenotype observed, further validation experiments should be
conducted.?® For example, a structurally orthogonal probe molecule with equal
affinity and selectivity should be developed and tested against the target of interest.
If the two probes show an identical biological read-out, the link between inhibition of
the target and phenotype is confirmed. In addition, the development of a structurally
similar negative control compound is recommended. If a similar phenotype is
observed through the use of both active and inactive compounds, the link between
the target and phenotype is called into question.

The use of chemical probes to dissect the biology of epigenetic protein targets is an
area of intense interest. The field of epigenetics offers over 400 domains available
for study across a range of ‘reader’, ‘writer’ and ‘eraser’ modules.?* Protein knock-
down experiments, which block the action of an entire complex offer a method for
probing protein function. However, bromodomains often exist as part of far larger
complexes, which contain multiple domains of different function. For example,
BRPF1 contains 2 PHD domains, an EPL1 domain as well as a bromodomain
(Figure 12).%°
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Figure 12: Domain organisation of Brd9, BRPF1, Brd4, ATAD2 and TAF1 BCPs. The numbers
represent the number of amino acid residues present in each BCP and the locations of the
individual domains are indicated by the relative positions of the blocks. Bromodomains (Brd)
are shown in red.

A chemical probe approach, which aims to inhibit the action of a specific domain
may show different effects to protein knock-down experiments. As mediators of

protein-protein interactions, bromodomains were considered to be less tractable
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points of intervention. However, the recent development of high affinity, selective,
BET family chemical probes challenges this perception.*® The bromodomain within
the BCP has pre-organised architecture brought about by 4 a-helices and 2 loop
regions, which form the basis of the binding site (Figure 9, page 8).2 Within the
bromodomain recognition pocket, the KAc residue forms a series of specific
hydrogen-bonds. It is proposed that the defined nature of the binding site enables
small molecules to mimic this interaction, leading to high affinity association with the
bromodomain. The development of BET family chemical probes highlights the
unique nature of the bromodomain, as targeting alternative protein-protein
interactions, which are generally large, flat and featureless, poses major

challenges.?*®

Although there have been major advances in the field of chemical probes for the
BET bromodomains, there has been comparatively little reported outside of this
family. Considering this, Vidler and co-workers®* investigated the tractability of non-
BET bromodomains to small molecule intervention. A selection of 33 bromodomains
were analysed and grouped according to common binding site features. Results
from these investigations indicated that bromodomains were more tractable than
other protein-protein interactions, supporting the previous discussion. Of the 33
bromodomains considered, 13 were classed as druggable, meaning that they are
able to (or predicted to be able to) bind to drug-like molecules. The 13
bromodomains identified included the BET family (excluding BrdT), PCAF, CECR2,
BRPF1, GCN5, TAF1 BD2, BPTF and PHIP. Furthermore, Brd9, Brd1l, CREBBP,
PB1 BD2 and PB1 BD5 were viewed as intermediate, whilst the remainder were
classified as difficult to drug. However, as this ranking is based on knowledge of
current X-ray crystal structures, it is likely to change as a greater number of non-

BET bromodomain inhibitors are developed.

1.5.2 Chemical probes for the BET family of bromodomains

This majority of research in the field of epigenetic reader modules has focused on
the development of inhibitors for the human BET family, resulting from their potential
as anticancer, anti-inflammatory and antiviral agents.®® With the exception of BrdT,
which is solely expressed in the testes, the BET BCPs are ubiquitously expressed in
humans. The BET family of bromodomains, of which there are 4 members: Brd2,
Brd3, Brd4 and BrdT contain 2 bromodomains each, as well as an extra terminal

domain (Figure 12, page 15). In total, this amounts to 8 bromodomains, with the first
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and second domain of each BET protein defined as BD1 and BD2, respectively.
Although they are located in the same protein, the BD1 domains do not possess
identical structures to their BD2 counterparts. However, the BD1 and BD2 domains
are highly homologous within their individual groups.

The majority of BET bromodomain ligands reported to date are pan-BET inhibitors,
which target all 8 bromodomains of this family. These molecules show little
selectivity between individual members of the BET family or between the first and
second bromodomains of each protein. It is believed that the development of
molecules which selectively inhibit a single BET BCP or one of the two tandem
bromodomains would be extremely challenging, due to the high sequence similarity
of these proteins. In the absence of selective ligands, it would be very difficult to
determine which of the 8 bromodomains targeted is driving the phenotypic
response. However, the therapeutic potential arising from more selective BET
inhibitors has not yet been reported. Indeed, it may be that a greater level of
discrimination provides little improvement on the biological profiles observed through
the use of pan-BET inhibitors.

To date, several distinct chemotypes have been identified as inhibitors of the KAc-
BET bromodomain interaction, the first of which were based on the triazolodiazepine
scaffold (Figure 13).
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Figure 13: Chemical structures for a selection of BET bromodomain inhibitors.

Potent and selective

inhibitors derived from this template were published

simultaneously by Fillipakopoulos and co-workers* and Nicodeme and co-
workers,*” who detail the discovery of (+)-JQ1 (1.005a) and I-BET762 (1.006a),
respectively. (+)-JQ1 (1.005a) was developed from compounds disclosed in a patent
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by Mitsubishi Pharmaceuticals.?® Initially synthesised as a racemate, it was
discovered that only a single enantiomer of JQ1 was active, with (+)-JQ1 (1.005a)
exhibiting 1Cs, values of 77 and 33 nM in Brd4 BD1 and BD2, respectively
(AlphaScreen). The ICx value for the (-)-enantiomer (1.005b) was estimated to be
above 10,000 nM in Brd4 BD1, providing a negative control compound to support
biological studies. Broader bromodomain selectivity profiling revealed that the
enantiomers of JQ1 showed little or no detectable binding to 33 other

bromodomains tested, as determined by thermal shift (AT,).

The studies of Nicodeme and co-workers®’ detail the discovery of I-BET762
(1.006a), a BET bromodomain inhibitor identified by a phenotypic screen for small
molecule upregulators of ApoAl. As previously discussed (Section 1.4.3, page 11),
ApoAl up-regulation is linked with protection from atherosclerosis and anti-
inflammatory effects. However, no molecular mechanism for modulating ApoAl had
been reported at this time. In this case, a human HepG2 hepatocyte®” cell line with
an ApoAl luciferase reporter was used to screen a library of compounds. This
cellular phenotypic screen led to the discovery of 1.016, which showed potent
induction of the ApoA1l reporter gene, with an EC,7, value of 440 nM (Figure 14).
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Figure 14: Chemical structures of compounds 1.016, I-BET762 (1.006a) and 1.017. Compound
1.016 was identified by a phenotypic screen for small molecule up-regulators of ApoAl and
1.017 is a derivative of I-BET762 (1.006a), which was attached to a bead for chemoproteomics
experiments.

Given this result, compound 1.016 was progressed for lead optimisation. A
programme of medicinal chemistry was initiated in order to optimise potency against
the ApoAl up-regulation assay, as well as the physico-chemical and PK properties
of the molecule.®® These studies revealed that the triazolodiazepine core was
essential for activity and the 6-position aryl ring was common to all active analogues
screened. SAR exploration at the 4-position led to the discovery of I-BET762
(1.006a), which displayed an EC;;, of 700 nM in the ApoAl reporter assay. The
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stereochemistry at the 4-position was found to be important for activity, suggesting
that this template was interacting with a particular molecular target. In order to
investigate the mode of action of I-BET762 (1.006a), a chemoproteomics approach
was utilised. In these experiments, compound 1.017, a derivative of |-BET762
(1.006a) was attached to an affinity matrix via a flexible amine linker. In addition, the
inactive enantiomer (1.006b) of I-BET762 (1.006a) was prepared, providing the ideal
control matrix for non-specific activity. Using these solid-supported compounds,
affinity chromatography was conducted with HepG2 cell lysates in order to
determine possible protein binding partners.®® Results from this experiment showed
that several proteins were bound to active compound 1.017. Interestingly, these
proteins were not associated with the inactive control (1.006b), suggesting a
selective interaction by compound 1.017. Furthermore, a competition experiment in
which compound 1.016 was introduced showed dissociation of these proteins,
suggesting that they were the specific targets of compound 1.017. Using LC-
MS/MS, the protein binding partners were identified as Brd2, Brd3 and Brd4, 3
members of the BET family of BCPs. As BrdT is only expressed in testes and not
present in HepG2 cells, no binding was detected. Importantly, only the BET proteins
were identified as binding partners, suggesting that this family may be the molecular

targets of the triazolodiazepine scaffold.

In order to determine specificity, that is to say, which region of the BET BCPs
compound 1.017 was binding to, biophysical and structural methods were
employed. Through cloning and expression of the isolated bromodomains,
isothermal titration calorimetry (ITC) and surface plasmon resonance (SPR)
confirmed direct, high affinity binding to the BET bromodomains. Furthermore, a
time-resolved fluorescence resonance energy transfer (TR-FRET) assay was
employed to determine dose-dependent inhibition of peptide binding. |-BET762
(1.006a) displayed ICsqy values in the range of 32.5-42.5 nM, confirming inhibition of

the BET bromodomain-histone interaction.

To validate the utility of I-BET762 (1.006a) as a BET bromodomain chemical probe,
broader pharmacological screening was conducted.®® These experiments indicated
negligible activity outside of the BET family, providing confidence in the selectivity of

this molecule.
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Importantly, extensive SAR analysis of this scaffold showed that BET bromodomain
inhibition correlated with whole-cell potency for ApoAl expression, further
supporting this phenotype in cells. Finally, sSiRNA knock-down experiments were
conducted as an orthogonal method for target validation.®® Progressive knock-down
of Brd4 was found to induce up-regulation of ApoAl in HepG2 cells. However,
knock-down of Brd2 and Brd3 had no effect on ApoAl expression, suggesting that
inhibition of Brd4 alone was responsible for the observed phenotype. Through this
medicinal chemistry programme, I-BET762 (1.006a) was confirmed as a high quality
cellular chemical probe for the BET family of bromodomains. This compound is
currently undergoing phase I/ll clinical trials for the treatment of NUT midline

carcinoma and other hematological malignancies (NCT01587703).%

Compound 1.007, (RVX-208, Apabetalone), developed by Resverlogix, is the most
advanced BET bromodomain inhibitor currently undergoing phase Il clinical trials for
the treatment of atherosclerosis (NCT01067820).”? Using a similar approach to
Nicodeme and co-workers,*” RVX-208 (1.007) was identified from a phenotypic
screen for up-regulators of ApoAl. RVX-208 (1.007) increased the thermal shift of
all BET bromodomains but did not bind to CREBBP, p300, BAZ2B, GCN5, PHIP or
SMARCAZ2, suggesting selectivity for the BET family. RVX-208 (1.007) showed a
bias for the BD2 domain of Brd4, with 1Cso values of 0.04 uM and 1.8 pM against
BD1 and BD2, respectively (TR-FRET).”*"

Compound 1.008, |-BET726% developed by GSK, contains the 1-acyl
tetrahydroquinoline KAc mimetic. I-BET726 (1.008) interacts with the tandem
bromodomains of Brd4 with an ICs, of 22 nM (TR-FRET) and Ky of 4nM (ITC).
Compound 1.008 shows excellent selectivity against the closely related
bromodomain of CREBBP with a Ky of 6.3 uM (ITC) and no significant activity

against a panel of other bromodomains.

Zhou and co-workers® developed MS436 (1.009), a BD1 biased BET bromodomain
inhibitor. MS436 (1.009) shows <50 nM activity against Brd4 BD1, with 10 fold
selectivity over Brd4 BD2. The compound also displays activity against the
bromodomains of CREBBP, PCAF, Brd7, BPTF, BAZ2B and SMARCA4, as

determined by a fluorescence anisotropy binding assay.

The 3,5-dimethyisoxazole moiety is an KAc mimetic for the BET family of

bromodomains, as shown by Dawson and co-workers,® Bamborough and co-
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9394 and Hay and co-workers.?® Dawson and co-

workers,” Hewings and co-workers,
workers reported the discovery of I-BET151 (1.010) from molecules identified in a
high throughput screen for up-regulators of ApoA1.”% Developed in parallel to |-
BET762 (1.006a), I-BET151 (1.010) is also selective for the BET bromodomains,
with ICso values between 0.25 and 0.79 pM for Brd2, Brd3 and Brd4 [Fluorescence
polarization (FP) assay]. Importantly, only a small change in AT, was seen for
CREBBP and no change for the 19 other bromodomains tested, confirming

selectivity for the BET family.®’

Further work reported by Bamborough and co-workers has indentified phenyl
dimethylisoxazole derivatives from a focused fragment screen.” Sulfonamide
compound 1.011 was identified as a lead, displaying ICs, values of 1.5, 1.1 and
2.6 uM for Brd2, Brd3 and Brd4, respectively (TR-FRET). Selectivity was assessed
by thermal shift, although this method does not allow for precise quantification.
Compound 1.011 stabilised the melting temperature for the BET bromodomains,
with AT,,: >5 °C. In contrast, shifts of <1.5 °C were seen for the other bromodomains
tested, suggesting selectivity for the BET family.

Hewings and co-workers have reported a small, ligand efficient 3,5-
dimethylisoxazole derivative, OXF BD 02 (1.012), which shows an ICs, value of
382 nM against Brd4 BD1.%*** Following this, Hay and co-workers® reported the
discovery of 5- and 6-isoxazoylbenzimidazoles as selective BET bromodomain
inhibitors. Lead compound 1.013 displays an ICs of 200 nM against Brd4 BD1 and
at least 100-fold selectivity over CREBBP, as determined by AlphaScreen. The
broader selectivity of compound 1.013 was assessed by thermal shift, with AT,
3.2 °C against Brd4 BD1, 1.1 °C against CREBBP and < 0.1 °C against a panel of

phylogenetically diverse bromodomains.

More recently, Zhao and co-workers® identified a new KAc mimetic from a
fragment-based approach. Initially, a collection of 487 fragments were selected on
the basis of various parameters including LogP, molecular weight and number of
rotatable bonds. Docking of these compounds using the published X-ray crystal
structure of (+)-JQ1 (1.005a) in complex with Brd4 BD1 narrowed this compound set
to 41. These molecules were progressed for X-ray crystallography in Brd4 BD1,
providing 9 compounds, with several chemotypes identified as KAc mimetics. The 2-

thiazolidinone template was selected for further optimisation, leading to the
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development of compound 1.014. This molecule shows an ICsy value of 230 nM

against Brd4 BD1 as determined by FP analysis.

Finally, dihydroquinazolinone compound 1.015, PFI-1, reported by Fish and co-

workers®®10°

is a BET bromodomain selective chemical probe. Identified from a
fragment-based screen, PFI (1.015) displays an ICs, value of 220 nM against the
Brd4 BD1, with good selectivity over a panel of non-BET bromodomains, as
determined by thermal shift. Furthermore, PFI-1 (1.015) shows good selectivity
beyond the bromodomain family, with less than 50% inhibition seen across a panel

of kinases, GPCRs and ion channels.

1.5.2.1 KAc mimetics of the BET family of bromodomains

As discussed in the previous section, there are several chemotypes known to act as
KAc mimetics for the BET family of bromodomains. The binding modes of each
scaffold have been determined by X-ray crystallography, with all warheads
exhibiting common interactions: a direct hydrogen-bond to the NH, moiety of
Asnl140; and a water-mediated interaction to Tyr97 (Brd4 BD1 numbering, Figure
15).
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Figure 15: Schematic representations of bromodomain binding to various KAc mimetic motifs
(Brd4 BD1 numbering). KAc has been included for direct comparison (A).

As a direct structural mimetic of KAc (Figure 15, A), the triazole unit of compounds
1.005a and 1.006a forms the key hydrogen-bonds to Asn140 and Tyr97 (Figure 15,
B). One of the triazole N atoms forms a direct interaction to the NH, moiety of
Asn140, whilst another participates in a water-mediated hydrogen-bond to Tyr97.
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The methyl substituent is placed in a small hydrophobic cavity, in a similar

orientation to that of KAc.**"*

The quinazolin-4-one core of RVX-208 (1.007) acts as the KAc mimetic (Figure 15,
C). The carbonyl group forms a direct hydrogen-bond to the NH, moiety of Asn140,
as well as a water-mediated interaction to the hydroxyl of Tyr97. In addition, the
quinazolin-4-one NH forms a hydrogen-bond to the carbonyl of Asn140, creating a

bidentate interaction with the amide moiety."

The N-acetyl moiety of the tetrahydroquinoline scaffold in compound 1.008 acts as
the KAc mimetic. The carbonyl group forms a direct hydrogen-bond to Asn140 and a

through-water interaction to Tyr97 (Figure 15, D).

The 3,5-dimethylisoxazole moiety is the KAc mimetic in compounds 1.010-1.013,
forming similar interactions to the triazole ring (Figure 15, E). The isoxazole oxygen
forms a hydrogen bond to the NH, group of Asn140, whilst the nitrogen forms a

water-mediated interaction to Tyr97.9294%%%7

The 2-thiazolidinone scaffold of compound 1.014 forms a bidentate interaction to
Asn140 (Figure 15, F). The NH and carbonyl moieties of 1.014 interact with the
carbonyl and NH, groups of Asn140, respectively. Furthermore, the carbonyl moiety

of 1.015 forms a through water hydrogen-bond to the hydroxyl group of Tyr97.%

The cyclic urea motif of the dihydroquinazolinone scaffold in PFI-1 (1.015) acts as
the KAc mimetic (Figure 15, G). The NH and carbonyl moieties form a bidentate
interaction to Asn140, interacting with the carbonyl and NH, groups, respectively. In
addition, the carbonyl moiety of compound 1.016 forms a water-mediated interaction
to Tyr97.%

All of the templates discussed act as direct structural analogues of KAc, forming
hydrogen bonds to Asn140 and Tyr97 (Brd4 BD1 numbering). Interestingly, in the
majority of cases, the water mediated hydrogen-bond to Tyr97 is the strongest, as
indicated by the distances between interacting atoms. Whilst these interactions are
important for potency, further elaboration of these scaffolds is required to confer
additional potency and selectivity for the BET bromodomains. This is usually

achieved through interactions with the WPF shelf region of this family (Section 1.3,

page 9).
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1.5.3 Chemical probes for non-BET bromodomains

The profound biology associated with the BET BCPs suggests that there may be
therapeutic potential in targeting other members of the bromodomain family for the
treatment of disease. To date, there has been comparatively little reported outside
the BET family, leaving the majority of a new and exciting target class yet to be
investigated. Therefore, the development of high quality, selective chemical probes
for non-BET bromodomains will facilitate validation of these proteins as therapeutic
targets and potentially lead to the development of new medicines. In recent years,
there has been significant progress towards this goal, with influential contributions
from academic and industrial laboratories, as well as public-private partnerships
such as the Structural Genomics Consortium (SGC). These efforts have resulted in
the publication of a growing number of chemical probes for non-BET bromodomains,

highlighting the intense interest in this area of epigenetic research.

1.5.3.1 Multi-Bromodomain chemical probes

It remains unclear whether multi-bromodomain pharmacology or more selective
inhibition is necessary to deliver a relevant phenotype within the context of human
disease. Therefore, the development of both selective chemical probes and multi-
bromodomain inhibitors will help to answer this question. To this end, the SGC and

their collaborators have reported a series of multi-bromodomain inhibitors.

Bromosporine (1.018) is a non-selective ligand, which shows AT, = 3.0 °C in the
bromodomains of CECR2, TAF1 BD2, Brd9 and CREBBP, as reported on the SGC
website (Figure 16)."* Structurally related compound 1.019, also exhibits multi-
bromodomain activity.'% As these compounds are not selective for a single
bromodomain, they are unsuitable for use as chemical probes. However, they may
be enabling as start points towards chemical probes as well as for use in assay

development.

1.5.3.2 ATAD2

The ATAD2 BCP is highly expressed in many diverse cancer types and expression
levels have been strongly correlated with short patient survival and disease
progression.’®® Although the bromodomain of ATAD2 has been reported as difficult
to drug,® some progress had been made towards the development of chemical
probes, which could represent a useful start point for cancer therapy. In order to
target this challenging protein, Fesik and co-workers employed a fragment based

screen to identify novel inhibitors.’® Using NMR spectroscopy, compound 1.020
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was identified and showed the greatest potency against ATAD2 with a Ky value of
350 uM (Figure 16).
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Figure 16: Chemical structures for selected non-BET bromodomain inhibitors.
More recently, GSK reported compound 1.021 as an ATAD2 inhibitor.®®> 1.021 was

optimised from a hit identified in a fragment-based targeted array and represents the
first known micromolar inhibitor of ATAD2 (pICso: 5.9, TR-FRET), albeit not cell
permeable or selective over the BET family. Optimisation of 1.021 delivered
compound 1.022, which is potent against ATAD2 (pICso: 6.5, TR-FRET) and 160
fold selective over the BET family.'®® However, broader bromodomain profiling
revealed that 1.022 is also active against TAF1 BD2 and TAF1L BD2. The authors
state that future work on this series will focus on optimisation of this template to

deliver a more selective molecule.

1.5.3.3 BAZ

The highly homologous bromodomains of BAZ2A/B belong to the BAZ family of
proteins, which are ubiquitously expressed. As very little is known about the
biological roles of the BAZ family, the development of chemical probes will help to
elucidate their function. Although the BAZ2A/B BCPs have low predicted
druggability,®* multiple inhibitors of these domains have been reported. For example,
Ciulli and co-workers used a fragment based screening approach to analyse a

library of 1300 compounds.’®” Of these, 10 fragment hits were identified and

27



GSK CONFIDENTIAL INFORMATION — DO NOT COPY

crystallised in the bromodomain of BAZ2B. A tetrahydro-y-carboline fragment
showed the greatest potency and was optimised to deliver compound 1.023 (Figure
17), which showed an ICs, value of 9 uM against BAZ2B (AlphaLISA).
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Figure 17: Chemical structures for BAZ inhibitors 1.023-1.025.

GSK and the SGC collaborated to develop GSK2801 (1.024a), the first chemical
probe reported to be selective for BAZ2A/B.**® The indolizine template was identified
from screening the BAZ2A bromodomain against a set of molecules that contained
KAc mimetics. Following this, an iterative medicinal chemistry design strategy was
employed to deliver GSK2801 (1.024a), which displays Ky values of 257 and
136 nM (ITC) against BAZ2A and BAZ2B, respectively. In order to investigate
broader selectivity across a panel of 46 bromodomains, thermal shift analysis was
employed. At 10 uM, GSK2801 (1.024a) showed a AT, of 4.1 and 2.7 °C for BAZ2A
and BAZ2B, respectively. Significant shifts were also observed for TAF1L BD2
(3.4 °C) and Brd9 (2.3 °C). Moving forward, a chemoproteomic competition binding
assay was utilised to investigate whether GSK2801 (1.024a), would bind to
endogenous BAZ2 proteins. To this end, a linkable analogue of GSK2801 (1.024a),
was immobilized on to a solid-support and incubated with nuclear and chromatin
enriched HuT78 extracts. Of the 18 endogenous full-length bromodomain proteins
that bound to the immobilsed compound, only BAZ2A and BAZ2B displayed a dose-
dependent reduction in the presence of GSK2801 (1.024a). Evidence of cellular
target engagement was provided by a FRAP assay in which GSK2801 (1.024a)
displaced BAZ2A/B from chromatin in U20S cells. Finally, in order to determine the
suitability of GSK2801 (1.024a) as an in vivo tool, PK parameters were measured
after intraperitoneal and oral dosing to male CD1 mice. GSK2801 (1.024a) had
reasonable in vivo exposure after oral dosing, modest clearance and plasma

stability, which should allow the compound to be used as a BAZ2A/B bromodomain
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inhibitor in vivo. In addition, structurally similar negative control compound 1.024b

was developed to help inform biological investigations.

More recently, the SGC have collaborated with the Institute of Cancer Research to
develop BAZ2-ICR (1.025) as a chemical probe for BAZ2A/B.'® A single hit was
identified from a screen of putative bromodomain inhibitors and subsequently
optimised to deliver BAZ2-ICR (1.025). This compound shows K, values of 109 and
170 nM against BAZ2A and BAZ2B respectively, as determined by ITC. In
agreement with the ITC data, BAZ2-ICR (1.025) showed AT,: 5.2 and 3.8 °C for
BAZ2A and BAZ2B, with no significant shifts against all other bromodomains, except
CECR2 (AT 2.0 °C). Further ITC experiments revealed a Ky: 1.55 uM at CECRZ2,
showing 15-fold selectivity relative to BAZ2A/B. A chromatin displacement FRAP
assay was used to provide evidence of cellular target engagement. Mouse PK data
indicated that BAZ2-ICR (1.025) is suitable for use in vivo, with 70% bioavailability
and moderate clearance (~50% of mouse liver blood flow) and volume of distribution
(1.09 L/Kg).

The progress made to date towards chemical probes for the BAZ bromodomains is
significant, with molecules from a diverse range of chemotypes indentified. In the
case of GSK2801 (1.024a), a structurally analogous negative control compound has
been developed, providing further support for biological investigations. In addition,
compounds 1.024a and 1.025 are suitable for use in vivo, allowing the biological role

of BAZ to be studied in animals.

1.5.3.4 Brd9

At the outset of this project, there was very little in the literature concerning the Brd9
protein. However, in the last year there have been several inhibitors reported,
highlighting intense interest in this area. The first binder of Brd9 was reported by Ley
and co-workers, who used flow chemistry to identify a series of compounds based
on the structure of Bromosporine (1.018, Figure 16).' Initially, binding to Brd9 was
assessed in flow by frontal affinity chromatography coupled with mass spectrometry.
Subsequent analysis by means of thermal shift confirmed the initial binding data
generated. Of the compounds tested, compound 1.026 (Figure 18) showed the
greatest thermal shift against Brd9 (AT,: 4.3 °C). However, significant shifts were
also seen for Brd4 (6.7 °C), BRPF1 (5.4 °C), BRPF3 (3.1 °C), CECR2 (5.6 °C),
CREBBP (4.3 °C), EP300 (8.0 °C), and TRIM24 (1.8 °C), demonstrating a lack of

selectivity.
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Figure 18: Chemical structures for Brd9 bromodomain inhibitors.
Filippakopoulos and co-workers used iterative structure based design to identify
compound 1.027 as a ligand for Brd9.'* Compound 1.027 shows a K; value of
0.28 uM against Brd9 (ITC), with some Brd4 BD1 activity (Kg. 1.4 uM). In order to
understand the binding mode of compound 1.027 in complex with Brd9, attempts
were made to obtain an X-ray crystal structure. Although these attempts were
unsuccessful, X-ray crystallography of a structurally related analogue indicated
occupation of the KAc binding site. In addition, the analogue was found to induce a
structural rearrangement in the Brd9 binding pocket, resulting in an unprecedented
cavity shape. Subsequent docking studies suggested that 1.027 elicits the same
structural rearrangement as observed for the analogue. Cellular target engagement
for compound 1.027 was demonstrated using a NanoBRET assay**?in which 1.027

was found to displace Brd9 from chromatin with an ICs, value of 477 nM.

More recently, the SGC and the University of Oxford reported LP99 (1.028) as a
dual Brd9/Brd7 chemical probe.’® LP99 (1.028) was developed from a fragment to
deliver good Brd9 (Kyq: 99 nM) and Brd7 (Ky: 909 nM) activities (ITC). Broader
activity against a panel of 48 bromodomains was investigated by thermal shift. LP99
(1.028) showed <1 °C stabilization of all bromodomains except Brd9 and Brd?7,
suggesting good selectivity. Cellular target engagement was assessed by a
NanoBRET assay,"*? confirming the ability of LP99 (1.028) to disrupt binding of Brd9
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and Brd7 to chromatin in cells. To investigate the effect of Brd9/7 inhibition on the
expression of proinflammatory cytokines, a human THP-1 monocytic cell line was
stimulated with LPS. LP99 (1.028) was found to inhibit production of interleukin 6
(IL-6) in a dose dependent manner, demonstrating that Brd9/7 may be potential

targets for anti-inflammatory treatment.

The SGC also report BI-9564 as a Brd9/7 selective chemical probe, developed in
collaboration with Boehringer Ingelheim.™* Although the structure and details
regarding development have not yet been reported, ITC data are available on the
SGC website. BI-9564 shows excellent activity, with Ky values of 14 and 239 nM,
against Brd9 and Brd7 respectively. Selectivity over the BET family of
bromodomains was assessed by AlphaScreen with ICsq >100 pM. BI-9564 shows
off-target activity against CECR?2 in vitro (K4: 258 nM, ITC), but not in cells (at 1 uM,
FRAP).

Most recently, the SGC and the University of Oxford report compound 1.029 as a
dual Brd9/7 inhibitor.**> Using BAZ2A/B chemical probe 1.024a (Figure 17) as a
start point, 1.029 was developed via a series of optimisations. Compound 1.029 is
potent at Brd9 (Ky: 68 nM) and Brd7 (K4 368 nM), with good selectivity over Brd4
BD1 (Kg4: 15 uM), as determined by ITC. Although not a quantitative method, thermal
shift analysis was used to determine broader selectivity. Compound 1.029 showed
AT,.: 5.6 °C against Brd7, with weak affinity for the bromodomains of CBP, p300 and
BPTF (ATny: 1.8, 2.0, and 1.1 °C respectively).

Although there has been significant progress towards the development of chemical
probes for Brd9, all inhibitors discussed in this section target at least two
bromodomains. Therefore, confidently assigning any observed phenotype to Brd9
inhibition specifically remains challenging. The requirement for a Brd9 selective
chemical probe remains essential in order to fully elucidate the biology of this

bromodomain.

1.5.3.5 BRPF

The BRPF family cosists of BRPF1B/2/3, which are important scaffolding proteins
for the assembly of HAT complexes of the MOZ/MORF family of transcriptional
coactivators. It is reported that translocations of MOZ are associated with

aggressive subtypes of leukemia.'*® Therefore, chemical probes for the BRPF family
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could potentially represent a start point towards cancer therapy. Towards this goal,

the SGC have disclosed several BRPF chemical probes.

The SGC website reports OF-1 (1.030) as a BRPF1B/2/3 chemical probe, which
displays Ky values of 100 nM, 500 nM and 2400 nM, respectively (Figure 19).**
Selectivity against other bromodomains is good, in general >100 fold, with the
closest off-target activity being Brd4 (39 fold selectivity), although the SGC does not
report what this is against.

NI-57 (1.031) is a BRPF family selective chemical probe developed by the SGC in
collaboration with University College London.™® As reported on the SGC website,
NI-57 (1.031) binds to BRPF1B (K4: 31 nM), BRPF2 (K4: 108 nM) and BRPF3 (Ky:
408 nM), with nanomolar affinity, as determined by ITC. NI-57 (1.031) is very
selective against the BET family and the closest off-target effects are against BRD9
(32 fold).

The SGC website also reports PFI-4 (1.032) as a chemical probe for BRPF1B,
which was developed in collaboration with Pfizer.™® Full details of the discovery PFI-
4 (1.032) have not yet been published, but the SGC report a BRPF1B K4: 13 nM, as
determined by ITC. At this stage, the broader selectivity profile of this compound has

not been described.

GSK have reported compound 1.033a as the first BRPF1B selective inhibitor, which
shares the same benzimidazolone core as OF-1 (1.030).*° Compound 1.033a was
identified from a cross-screen of analogues from a fragment hit identified in a Brd4
STD-NMR screen. Excellent BRPF1B activity was observed with an ICsy value of
80 nM (TR-FRET), with 100 and >1000 fold selectivity over BRPF2 and BRPF3,
respectively. Following this, compound 1.033a was progressed for further selectivity
profiling by means of BROMOscan.*?! In a panel of 35 bromodomains, 1.033a
showed a BRPF1B Ky 7.9 nM, with a good window of selectivity over the BET
family and BRPF2/3. Evidence of cellular target engagement was achieved using a
cellular chromatin displacement assay in which 1.033a showed disruption of
chromatin with an ICsg value of 1 uM. In addition, compound 1.033b was reported as
a structurally analogous negative control, which will facilitate biological

investigations.
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Figure 19: Chemical structures for BRPF and CREBBP inhibitors.

There are now a significant number of BRPF family chemical probes reported in the
literature. These tool molecules will facilitate biological investigations with the aim to
fully understand the role of these proteins in human disease. However, the chemical
probes for which the structures have been reported share the same
benzimidazolone core. In the future, biological validation experiments would benefit

from BRPF family chemical probes from a variety of structural scaffolds.

1.5.3.6 CREBBP

Outside of the BET family, much of the focus in chemical probe discovery has been
with the structurally related bromodomains of CREBBP and EP300. This may be
due to the fact that many unselective BET bromodomain binders also interact with

the bromodomain of CREBBP (see compound 1.012, Figure 13). Research
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conducted by Zhou and co-workers'?? led to the discovery that the bromodomain of
CREBBP binds to KAc382 of p53.'% In order to develop small molecule binders of
the CREBBP bromodomain specifically, several groups aimed to inhibit the
CREBBP-p53 interaction.

Zhou co-workers conducted an NMR screen of a diverse library of 3000 compounds,
with the aim to identify novel inhibitors for CREBBP.*** Of the 3000 compounds
tested, 10 hits were generated and optimised to deliver Ischemin (1.034, Figure 19),
which contains the azobenzene moiety. Ischemin (1.034) inhibits the CREBBP
bromodomain-p53 interaction with an ICsy value of 5 uM, as determined by a cell-
based assay. Selectivity over other bromodomains was investigated using a
fluorescence displacement assay in which Ischemin (1.034) was up to 5-fold
selective over the bromodomains of PCAF, Brd4 BD1 and BAZ2B. 1.034 prevents
apoptosis in ischemic cardiomyocytes (hence the name Ischemin), suggesting that
inhibition of the CREBBP bromodomain or the other targets that bind to this
compound with similar affinity may provide an effective treatment for diseases such

as myocardial ischemia.

I-CBP112 (1.035) is a CREBBP/EP300 chemical probe developed by GSK in
collaboration with the SGC (Figure 19).'* Further details regarding the
development of I-CBP112 (1.035) have not yet been published, but the SGC
website provides limited data. -CBP112 (1.035) shows K4 values of 151 and 625 nM
against CREBBP and EP300, respectively (ITC). Selectivity over a range of
bromodomains was established including ATAD2, BAZ2B, Brd2 BD2, Brd4 BD1,
PB1 BD5, PCAF, PHIP BD2 and TRIM24, as determined by bio-layer interferometry
(BLI).

The SGC and the University of Oxford collaborated to develop SGC-CBP30 (1.036),
a chemical probe for CREBBP and EP300.'*° SGC-CBP30 (1.036) shows K values
of 21 and 38 nM against CREBBP and EP300, respectively (ITC). In addition,
compound 1.036 is 40 fold selective over BET family member, Brd4 BD1. Broader
bromodomain selectivity was assessed by thermal shift, in which compound 1.036
was tested against 10 targets. No AT,, above 2 °C was observed against any other
bromodomains apart from BET family members Brd2 BD1, Brd3 BD1, and Brd4
BD1, with AT,, between 1 and 2 °C. Evidence of cellular target engagement was
obtained using a FRAP assay, in which 1.036 was shown to disrupt the CREBBP

bromodomain-chromatin complex in HelLa cells. Moving forward, compound 1.036
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was tested in cells in order to investigate its effect on the CREBBP
bromodomain-p53 interaction. Compound 1.036 inhibited doxorubicin induced p53
activity with an I1Cs, value of 1.5 uM, as determined by a luciferase reporter assay for
p53 induction. Limited PK studies were then conducted to understand the utility of
1.036 as an in vivo probe. In a human liver microsome stability assay, no compound
was detected after 1 hour, suggesting rapid metabolism. Although 1.036 may not be
suitable as an in vivo tool, this compound is likely to be valuable in understanding
the biological function of both CREBBP and EP300 in vitro.

Conway and coworkers subsequently reported compound 1.037 as a ligand for the
CREBBP bromodomain.**’ 1.037 displays a K value of 390 nM against CREBBP
(ITC), with modest selectivity over Brd4 BD1 (K4: 1.4 pM). A FRAP assay was used
to evaluate 1.037 in a cellular setting. Compound 1.037 was found to displace the
CREBBP bromodomain from chromatin in U20S cells in a dose dependent manner.
Although not selective over the BET family, 1.037 is a valuable addition to the

CREBBRP tool set to help validate this protein as a target for the treament of disease.

Most recently, Unzue and co-workers reported the development of compound 1.038
as an inhibitor of CREBBP.'® Fragment-based docking into the structure of the
CREBBP bromodomain was used to identify a start point for ligand discovery. Of the
17 compounds initially selected for in vitro validation, the acetyl benzene scaffold
was selected for further investigation to deliver a series of CREBBP inhibitors.
Compound 1.038 showed the best combination of potency and selectivity with a
CREBBP Ky value of 2.0 uM and Brd4 BD1 K4 value of >50 uM (ITC). As the
authors report that 1.038 shows low cell permeability, its utility as a chemical probe
is limited. This is most likely due to the charged nature of the carboxylic acid moiety

at physiological pH.

Although there has been significant progress towards a CREBBP chemical probe
from multiple groups, there has yet to be a potent and selective molecule developed.
Given the high sequence homology with the BET family of bromodomains, it is
unsurprising that the molecules identified to date do not show appropriate selectivity
over this family. Therefore, future work in this area should focus on the development
of an appropriate selectivity profile to aid investigations into the precise role of the
CREBBP bromodomain.
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1.5.3.7 PCAF

Zhou and co-workers were the first to report a small molecule ligand for a
bromodomain, namely PCAF.*?® This group showed that the bromodomain of PCAF
binds specifically to KAc50 of the HIV-Tat protein complex, a critical interaction for
viral replication.”* Moving forward, NMR screening was used to discover small
molecule inhibitors of this interaction. These efforts led to the discovery of several
inhibitors including compound 1.039 (Figure 20), which displays an ICs, value of
1.6 pM against PCAF (peptide competition assay). Despite efforts to optimise

compound 1.039, no increase in potency was reported.

1.5.3.8 SMARCA4

SMARCAA4 is part of the SNF/SWI complex, which plays a key role in chromatin
remodelling and transcription control. Loss of function of SMARCA4 and other
components of SWI/SNF has been linked to cancer development.'** PFI-3 (1.040) is
an inhibitor for the bromodomain of SMARCA4 developed by Pfizer in collaboration
with the SGC (Figure 20).***!3 This novel chemotype shows Ky values of 89 nM
against SMARCAM4, as well as 48 nM against the homologous PB1(5) bromodomain
(ITC), as reported on the SGC website. Broader bromodomain selectivity was
assessed by thermal shift with binding confirmed at SMARCA4 (AT.: 5.1),
SMARCA2 (AT,: 6.4) and PB1 BD5 (AT.: 7.5). No interaction was observed with
PB1(BD2-4), and there was no cross-reactivity in a panel of 36 kinases. X-ray
crystallography of PFI-3 (1.040) has not yet been reported, therefore, the precise
binding mode of the molecule remains unknown. However, it is believed that the

vinylogous amide moiety may act as the KAc mimetic.

Interestingly, Pfizer and their collaborators recently reported that PFI-3 (1.040) has
been used to probe the biological function of SMARCA2/4 bromodomains.'®
Although PFI-3 (1.040) is capable of displacing the SMARCA2 bromodomain from
chromatin, it fails to display the antiproliferative phenotype observed through protein
knock-down studies. Therefore, this chemical probe approach has invalidated the
SMARCAZ2 bromodomain, and instead, helped to identify the ATPase domain as the
relevant therapeutic target. These studies further highlight the power of chemical
probes for both target validation and invalidation, particularly in combination with

protein knock-down experiments.
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1.5.3.9 Others

There are a growing number of inhibitors that are broadly selective, showing activity
against a small number of bromodomains. For example, Bradner and coworkers
used fluorous tagged multi-component reactions to develop a library of 3,5-
dimethylisoxazole containing bromodomain inhibitors."** Subsequent optimization of
the scaffold delivered lead compound 1.041, which binds to Brd4 BD1 with a Ky
value of 550 nM as determined by ITC (Figure 20). Broader bromodomain
screening by means of BROMOscan'** confirmed binding to Brd4 (K,: 80 nM) but
revealed activity against TAF1 BD2 (Kyq: 560 nM) and TAF1L BD2 (K4 1.3 pM).
Although the binding to TAF1 BD2 is relatively weak, compound 1.041 could

represent a starting point for the development of a selective TAF1 chemical probe.

The SGC have reported benzimidazolone 1.042 as an inhibitor of BRPF1B/2 and
TRIM24 (Figure 20).** In order to develop a TRIM24 specific inhibitor, commercially
available 1,3-benzimidazolone compounds were tested using AlphaScreen
technology. Several compounds were identified to be active against TRIM24 but
were also active against BRPF1B/2. Subsequently, the template was modified to
deliver compound 1.042, which shows a Ky value of 222 and 137 nM against
TRIM24 and BRPF1B respectively (ITC). Thermal shift technology was used to
evaluate the selectivity of compound 1.042. In a panel of 45 bromodomains,
significant shifts were observed for BRPF1B/2 and TRIM24, supporting the ITC data
generated. Cellular activity was determined using a FRAP assay in which 1.042
displaced full-length TRIM24 from chromatin.
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Figure 20: Chemical structures for selected non-BET bromodomain inhibitors.

Independently, Palmer and co-workers used a structure guided approach to develop
compound 1.043 as a TRIM24 inhibitor.**® Like the SGC, their aim was to develop a
selective TRIM24 inhibitor by first intent. To this end, three hit identification
approaches were explored: virtual in silico high-throughput screening (HTS),
construction of a focused KAc mimetic library, and a traditional small molecule HTS.
Three different chemotypes were indentified, but the benzimidazolone template was
selected for further optimisation. SAR evaluation around this core provided IACS-
9571 (1.043), which showed a TRIM24 ICs, value of 7.6 nM (AlphaScreen).
BROMOscan'?! technology was used to investigate broader selectivity against 32
bromodomains. Results from this screen indicated off target activity against the
BRPF family and subsequent dose-response determinations demonstrated 1.043 to
be a dual TRIM24/BRPF1B inhibitor (K4 1.3/2.1 nM), with 9 and 21 fold selectivity
over BRPF2 and BRPF3 respectively. Compound 1.043 displays greater than 7700
fold selectivity versus Brd4 BD1/2 relative to TRIM24. Moving forward, compound
1.043 was progressed to understand its utility as an in vivo tool in rodent. After IV
administration of a 1mg/kg dose in female CD1 mice, moderate clearence
(43 mL/min/kg) was observed and terminal half-life was 0.7 h. After oral dosing of
10 mg/kg, bioavailability of 1.043 was 29%, suggesting that this molecule could be

useful for in vivo studies.
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1.5.3.10 Summary

Although each of the ligands discovered for the non-BET bromodomains are hugely
important, only two compounds, albeit with the same chemotype (1.032 and 1.033a,
Figure 19) are selective for a single bromodomain. Therefore, linking inhibition of a
particular bromodomain to a given phenotype would be extremely challenging.
Consequently, development of non-BET family chemical probes, which selectively
target a single bromodomain remains important in order to validate these proteins as
therapeutic targets. Of the non-BET chemical probes discussed, only GSK2801
(1.024a), BAZ-ICR (1.025) and IACS-9571 (1.043) are reported to be suitable for
use as in vivo tools. It is not clear whether the other inhibitors reported would be
suitable for in vivo experiments, which may highlight a limitation in the discoveries
made to date. Therefore, future effort should be placed on the development of in
vivo tools to fully understand the role of bromodomains in preclinical models, to

provide further insight into their function in human disease.

1.6 Aims

Considering the biological implications of the bromodomains which have been
successfully investigated to date, there is now convincing rationale for using small
molecule chemical probes to help validate bromodomains as therapeutic targets.
However, despite the important advances within the BET family, the
pharmacological potential of the remaining families is far less explored, leaving a
vast area of research yet to be investigated. As non-BET bromodomains have been
implicated in various diseases such as cancer and HIV, the identification of high
quality chemical probes could serve as a start point towards the development of a

novel class of therapeutics.

The aim of this PhD research was to develop high quality chemical probes for non-
BET bromodomains Brd9 and TAF1 BD2. Inspired by Bunnage and co-workers,”’

we envisaged these probe molecules would satisfy the following criteria:

pICso = 7 against the target of interest.

2. 2100 fold selectivity over the BET family of bromodomains, given the
profound biology associated with these proteins (Brd4 will be used as a
representative member of the family).

3. =230 fold selectivity over other non-BET bromodomains.
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4. 2100 fold selectivity over broader pharmacological targets outside of the
bromodomain family.

5. Evidence of cellular target engagement.

The specific details regarding probe development for Brd9 and TAF1 BD2 will be

discussed in turn.
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2 The development of I-BRD9, a chemical probe for Brd9

2.1 Introduction

2.1.1 Identification of Brd9 as a novel bromodomain target

At the outset of this project, there were no Brd9 chemical probes reported in the
literature. Therefore, the development of a high quality chemical probe for this
bromodomain was deemed essential in order to delineate its function within human

disease.

The current GSK BET-family selective probes, I-BET762 (1.006a)*’ and I-BET151
(1.010)** target all 8 bromodomains of this family (Section 1.5.2, pages 16-18).
Therefore, significant resource within our laboratories has been placed on narrowing
this profile from 8 bromodomains to 4, to investigate whether more selective
inhibition delivers a different phenotype. To this end, each domain selective
programme aims to target either BD1 or BD2 of the BET family. Thieno-pyridinone
(TP) compound 2.001 was identified as part of the BD1 domain selective project
(Figure 21)."" As there is very little selectivity shown amongst the individual BET

proteins, this molecule is termed a pan-BD1 inhibitor.
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Brd2 BD1 / BD2 plCs: 6.5 / 4.5 x100
1.017 pan-BET Brd3 BD1 / BD2 plCsq: 6.4 / 4.8 x40 2.002 (pan-BET BD1)

Brd4 BD1/BD2 plCsy: 6.7 / 4.7 x100
BrdT BD1/BD2 pICsq: 6.1/ <4.3 x60

Figure 21: Chemical structures of compounds 1.017 and 2.002, which were attached to a solid-

support for use in a chemoproteomics experiment; BET bromodomain plCs values for pan BD1
compound 2.001,'* as determined by TR-FRET analysis. Data are n23.

In order to determine whether or not a pan-BD1 inhibitor was capable of delivering a
different phenotype to a pan-BET molecule, a chemoproteomics experiment was

utilised"® (as discussed in Section 1.5.2, page 19 and Figure 22).
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Figure 22: (A) Cell lysate containing possible protein targets; (B) The immobilised ligand is
incubated with the cell lysate. The target proteins are identified after the un-complexed proteins
are washed away; (C) A competing ‘free ligand’ is pre-incubated with the cell lysate. The
binding sites of the target proteins are blocked by the ‘free compound’ so they cannot interact
with the immobilised molecule. The target proteins are removed on washing and is absent from
analysis.

These investigations aimed to investigate the potential protein binding partners of I-
BET762 (1.006a) and compound 2.001 in leukemic cell line, HL-60. Initially, a
linkable version of I-BET762 (1.006a) was immobilised on to a solid-support
(compound 1.017, Figure 21). Incubation of immobilised 1.017 with the cell lysate
followed by analysis of the proteins, which were ‘pulled back’, indicated that Brd2,
Brd3 and Brd4 were the preferred binding partners, as determined by mass
spectrometry (Figure 22B). The remaining member of the BET family, BrdT was not
detected as it is not expressed in HL-60 cells. Although Figure 22 depicts few
protein binding partners being ‘pulled back’, it is likely that other proteins would form
part of this complex, via an association with the BET proteins. In order to confirm the
BET family as binding partners for I-BET762 (1.006a), a competition experiment was
conducted. In this case, HL-60 cell lysate was pre-incubated with ‘free’ |I-BET762
(1.006a), allowing it to bind to particular proteins. As such, the active sites of these
proteins were blocked and therefore not ‘pulled back’ upon treatment with
compound 1.017 (Figure 22C). Indeed, Brd2, Brd3 and Brd4 were competed away

42



GSK CONFIDENTIAL INFORMATION — DO NOT COPY

with 1.006a, indicating that the BET family of bromodomains were the preferred

protein targets.

Following these results, an identical experiment was conducted, this time, with pan
BD1-inhibitor, 2.002 immobilised onto a solid-support. Analysis of the binding
partners which were ‘pulled back’ indicated that other proteins, as well as the BET
family were present. This collection of proteins included Brd9, suggesting that pan-
BD1 compound 2.002 was associated with this protein. To confirm these proteins as
binding partners, a competition experiment was conducted. HL-60 cell lysate was
pre-incubated with pan-BD1 inhibitor, 2.001, as described previously. The BET
family of bromodomains and Brd9 were not ‘pulled back’ upon treatment with

immobilised 2.002, suggesting that they were interacting with compound 2.001.

Importantly, I-BET762 (1.006a) and compound 2.001 showed different binding
profiles as only 2.001 was associated with Brd9. However, at this stage, it was not
clear how compound 2.001 interacted with this bromodomain. It was hypothesised
that this could be via a direct interaction with the bromodomain or through
complexation with the BET family. In order to investigate the former, a TR-FRET
assay was enabled, utilising Brd9 protein truncate. Results from this experiment
confirmed direct Brd9 bromodomain binding by pan-BET BD1 inhibitor, 2.001, with a
plICs, value of 6.6.

2.1.2 Compound screening in Brd9

2.1.2.1 TR-FRET assay

As compound 2.001 was found to bind to Brd9 directly, other compounds from this
series were profiled by colleagues in the bromodomains of Brd9 and Brd4 (BD1/2).
This was achieved by means of TR-FRET, a competitive displacement assay which
relies on the energy transfer between donor and acceptor molecules. In this case, a
fluoroligand of known binding affinity interacts with the bromodomain, forming the
acceptor species. To detect this interaction, the His-tagged bromodomain
recognises an anti-His tagged europium chelate complex, which acts as the donor in
the FRET pair. The binding of the fluoroligand to the bromodomain is detected upon
laser excitation of the europium. This causes an energy transfer from the donor to
the acceptor, leading to emission of light. However, when a competing ligand is
introduced, this can potentially inhibit the bromodomain-fluoroligand interaction,

leading to a decrease in luminescence. The amount of luminescence produced is
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measured by a detector to quantify the strength of binding (Figure 23; for full details
see Appendix 5.1).

laser excitation .
fluorescent tag emission

anti-His

donor acceptor

Figure 23: Schematic representation of a TR-FRET assay.

Typically, these measurements of binding are quoted as 1Cs, values, defined as the
half maximal inhibitory concentration. This value specifies the concentration of
competing ligand required to reduce fluorescence by 50%, indicating displacement
of the fluoroligand. When calculated from a competition binding assay, the biological
target is exposed to the competing ligand at a variety of concentrations, whilst the
concentration of fluoroligand is kept constant. Typically, measurements are recorded
between a set of controls in which: (i) the competing ligand is absent; and (ii) a
standard ligand of known binding affinity is present at a single concentration,
representing 100% displacement of the fluoroligand. Analysis of the resulting dose-
response curve allows the concentration at which the competing ligand displaces
50% of the fluoroligand to be identified (Figure 24, example curve). This value is the
ICs0, and is often converted to plCsg, the equivalent on a negative logarithmic scale

[ICs0 = -log(pICso)].
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50

N

-~

IC .
0 Concentration

Figure 24: Example dose-response curve from which an ICsp value can be calculated.
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As discussed above, an ICg, value represents the concentration of test compound
required to displace 50% of the fluoroligand. In contrast, the K; value is the
concentration of competing ligand, which would occupy 50% of the receptors if no
fluoroligand were present. Unlike 1Csy values, K| is absolute and can be calculated

using the Cheng-Prusoff equation (Equation 1).**°

Ki=1Cso / [1 + ([L]/Ky)]

[L] = concentration of fluoroligand used in the assay, Kq = dissociation constant of the
fluoroligand for the receptor.

Equation 1: Cheng-Prusoff equation.
In the case of Brd9 and Brd4 TR-FRET assays, the concentration of the
fluouroligands is Kg4, the concentration at which, at equilibrium, 50% of protein

receptor sites are occupied (Figure 25).

HO,S

Brd9 ligand N Y.

Alexa Fluor® 647

fluorophore
2.003, K4 =50 nM

Brd4 ligand

Alexa Fluor® 647
fluorophore

2.004, Ky =50 nM

Figure 25: Chemical structures of Brd9 and Brd4 TR-FRET assay fluoroligands 2.003 and 2.004,
respectively.
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As the concentration of the fluoroligand in both Brd9 and Brd4 assays is Kg, the
plCsy values generated can be compared directly. This can be rationalised using the

Cheng-Prusoff equation (Calculation 1).'*°

Ki=1Cso / [1 + ([L]/Ky)]

[L] = concentration of fluoroligand used in the assay, Kq = dissociation constant of the
fluoroligand for the receptor.

PK; = pICso + log[1 + ([LV/Ky)]

For Brd9: For Brd4:

pK; = pICs + log[1 + (50 nM/50 nM)] pK; = pICsq + log[1 + (50 nM/50 nM)]
pK; = pICso + log[1 + 1] pK; = pICso + log[1 + 1]

PKi = pICsp + log[2] pK; = pICso + log[2]

pKi = pICso + 0.3 pK; = pICso + 0.3

Calculation 1: Cheng-Prusoff equation applied to Brd9 and Brd4 TR-FRET assays.

However, not all assays use fluoroligands at their Ky values. For example, if the Kgq
of a ligand is high then the assay may be conducted below this value in order to
save reagent; or, if there is limited signal from the fluoroligand, the assay may be
run above Ky to increase luminescence. Therefore, in order to compare the binding
affinities of a particular compound in two different assays, the inhibition constant, K;
must be used. For example, K; values are used to compare the results from the Brd9
and Brd7 assays, as the Brd7 experiment is run below Kq. This can be rationalised

using the Cheng-Prusoff equation (Calculation 2).**

Ki=1Cso / [1 + ([L1/Kq)]

[L] = concentration of fluoroligand used in the assay, Kq = dissociation constant of the
fluoroligand for the receptor.

PK; = pICso + log[1 + ([L1/Kqg)]

For Brd9: For Brd7:

pKi = pICso + log[1 + (50 nM/50 nM)] pK; = pICs + log[1 + (100 nM/400 nM)]
pK; = pICso + log[1 + 1] pK; = pICso + log[1 + 1/4]

pK; = pICsp + log[2] PK; = pICsp + log[1.25]

pK; = plCsq + 0.3 pK; = pICso + 0.1

Calculation 2: Cheng-Prusoff equation applied to Brd9 and Brd7 assays.

Selectivity for the bromodomain Brd9 over BrdX (bromodomain of choice) is

calculated using Equation 2.
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Fold Selectivity for Brd9 = 10" (pKi Brd9 - pK; BrdX)

Equation 2: Fold selectivity for Brd9 over BrdX.

Importantly, fluoroligand 2.004 (Figure 25) binds to both bromodomains of Brd4 with
equal affinity. Therefore, in order to measure the binding affinity of a test compound
against a single bromodomain, a mutated version of the protein is used. For
example, for determination of ligand binding at BD1, the BD2 bromodomain is

mutated causing 2.004 to display 1000 fold selectivity for BD1.

2.1.2.2 Compound profiling in Brd9 and Brd4

In addition to the compounds from the TP template, a second series, originally
designed for the PCAF programme were tested by colleagues as part of a cross
screening strategy to identify potential off target liabilities.*** In total, 246 compounds
were screened in the bromodomains of Brd9 and Brd4. Selectivity over the BET
bromodomains was considered, with Brd4 used as a representative member of the
family. The results from this initial cross-screen are displayed in Figure 26. The line
of unity in the centre of the plot indicates which compounds are equipotent in both
Brd9 and Brd4 BD1. The dashed lines on either side represent 10 fold selectivity for
Brd4 BD1 and Brd9 at the top and bottom, respectively. The Amino-Pyridazine (AP)
series, identified from the PCAF programme, is shown in red and the TP series,

from the BET BD1 domain selective programme, in blue.
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Figure 26: Graphical representation of the data for the 246 compounds screened in Brd9 and
Brd4 BD1 (TR-FRET). The AP series is highlighted in red and the TP in blue. Brd9 pICs values
are represented on the x-axis and Brd4 BD1 on the y-axis.

Results from this compound screen led to identification of two chemically distinct
chemotypes, as potent and selective inhibitors of Brd9. These compounds showed
good Brd9 potency and ligand efficiency, as well as acceptable selectivity over the
bromodomains of Brd4 (Figure 27).

TP Series AP Series

N | A\ (6] O
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e X

'S0,Me
OMe
OMe
2.005 2.006
Brd9 plCs: 6.7 (0.28) Brd9 plCsq: 7.0 (0.42)

Brd2 BD1/BD2 plCsy: 4.9/ 4.7 x60 Brd2 BD1/ BD2 pICsq: 5.3/ 4.8 x50
Brd3 BD1/BD2 plCs: 4.8 / 5.0 x50 Brd3 BD1/BD2 plCs(: 5.0/ 4.8 x100
Brd4 BD1/BD2 plCs: 4.7 / 4.8 x80 Brd4 BD1/BD2 plCs: 4.9/ 4.5 x125
BrdT BD1/BD2 plCsq: 4.9 / 4.5 x60 BrdT BD1/BD2 plCsg: 4.7 / 4.6 x200

Figure 27: pICso values for compounds 2.005'*? and 2.006* in the bromodomains of the BET
family and Brd9 (TR-FRET). Brd9 ligand efficiency values are shown in parentheses. Selectivity
over the BET family of bromodomains is calculated relative to the maximum value. Data are
n22.
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Compound 2.005 showed good Brd9 activity with a plCs, value of 6.7 and 80 fold
selectivity over Brd4. Similarly, compound 2.006 from the AP series showed a Brd9
pICso value of 7.0, with 125 fold selectivity window over Brd4. Moving forward with
these encouraging results, further investigations were conducted to probe the
potential of the TP series to deliver a Brd9 selective chemical probe. Follow up
investigations on the AP series were prosecuted by colleagues, primarily via

outsourcing.

2.1.2.3 Further profiling of compound 2.005

Further profiling of compound 2.005 was conducted by colleagues in order to
confirm direct Brd9 binding. These experiments provided an orthogonal
determination of ligand-bromodomain binding to investigate a potential correlation
with the TR-FRET data. Initially, compound 2.005 was tested in a thermal shift

experiment,***

using a Brd9 protein truncate (see Appendix 5.2 for details). Results
from this assay showed a Brd9 AT,,: 10.4 °C, with no significant shifts seen for Brd4
BD1/2, PCAF or ATAD2. Although not a quantitative method, these results suggest
that 2.005 may show some selectivity over the bromodomains of PCAF, ATAD2,
and Brd4. These data provided good evidence for Brd9 specific binding, providing

further confidence in the data generated by the TR-FRET assay (Figure 28).
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Figure 28: Thermal shift results for compound 2.005 against Brd9.

Further investigations into the thermodynamics of ligand interactions were
conducted in the form of ITC.'* More specifically, this experiment provided an

evaluation of the Gibbs free energy change (AG) and its components: AH, the
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change in enthalpy; AS, the change in entropy; and Ky, the dissociation constant
(Equation 3).

AG = AH - TAS

AG = -RTInKy4

Equation 3: Definition of Gibbs free energy (AG).

The enthalpy change, AH represents the net change in the number and/or strength
of non-covalent bonds moving from the free to bound state; and AS represents the
change in entropy upon ligand binding, accounting for solvation effects, as well as
changes in conformational degrees of freedom.** These studies provided a third,
orthogonal determination of ligand-protein binding, building confidence in the data
generated by both the TR-FRET and thermal shift assays. Pleasingly, compound
2.005 showed a Brd9 pKg: 6.9, correlating well with pICso: 6.7, as determined by TR-
FRET (Table 1, see Appendix 5.3 for further details).

Compound ITC pKy TR-FRET pICsg AH AS
2.005 6.9 6.7 -6738 cal/mol 8.23 cal/mol/deg

Table 1: TR-FRET and ITC data for compound 2.005 in the bromodomain of Brd9.

Despite encouraging results for Brd9 bromodomain binding, there was still no
evidence to suggest that compound 2.005 targeted the Brd9 protein in a cellular
environment. As TR-FRET, thermal shift and ITC use truncated Brd9 with only the
bromodomain present, they do not assess the ability of the compound to bind to
endogenous protein. Therefore, a chemoproteomics experiment was conducted by
colleagues to assess binding to full length Brd9.™*° In this case, several compounds
known to bind to a variety of bromodomains were immobilised onto solid-supports,
including pan-BET BD1 compound 2.002, BAZ2B ligand 2.007 and a mixture of
synthetic histone tails, each containing KAc. Although the bromodomain binding
affinity of the synthetic peptides was weaker than the ligands, they were included to
provide a potential binding partner for bromodomains that were not known to interact
with 2.002 or 2.007 (Figure 29). Given that the KAc-bromodomain interaction is

inherently weak,?*** synthetic ligands are often used in displacement assays.
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Figure 29: Chemical structures for compounds 2.002, 2.005 and 2.007. Compounds 2.002 and
2.007 were attached to a solid-support via an amine linker for use in a chemoproteomics
experiment.

Initially, the synthetic histone combination and immobilised compounds 2.002 and
2.007 were incubated with T-cell lymphoma and leukaemia cell lysate, HUT-78.
Following ‘pull-back’ of these compounds and extensive washing, the proteins which
were bound were analysed by mass spectrometry. In a separate experiment,
compound 2.005 was pre-incubated with the cell lysate, allowing it to interact with its
preferred protein binding partners, thereby blocking their binding sites. The cell
lysate was then treated with immobilised compounds 2.002, 2.007 and the synthetic
histone combination. Upon ‘pull-back’ and washing, only the proteins which were
bound to the immobilised compounds were removed, leaving compound 2.005 and
its protein binding partners behind. Comparison of the proteins bound to the
immobilised compounds in the presence and absence of compound 2.005 revealed
the protein binding partners. This was experiment was performed by dose-response

to give pKy values (Figure 30).
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Figure 30: Chemoproteomics results for compound 2.005, showing associated bromodomains.
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It is important to note that proteins which were not identified by an association with
2.005 may still be potential binding partners. Some bromodomains may not be
expressed in this cell line or their relative concentration may be too low to detect.
Pleasingly, the highest affinity association detected was with Brd9 (pK,: 6.3),
indicating that compound 2.005 interacted with the endogenous form of the protein.
However, significant binding was also seen to the BET family (Brd4 pKy: 5.6), and
SMARCA4 (pKy: 6.0), suggesting a lack of selectivity. These results provide no
indication of how a particular BCP interacts with a ligand, only that they are
associated in some way. Therefore, these proteins could have interacted with
compound 2.005 via a direct binding, or through complexation to known partner,
Brd9. It is reported that both Brd9 and SMARCA4 are components of the chromatin
remodelling SWI/SNF BAF complex,*****' suggesting that SMARCA4 could be
associated with Brd9 rather than via a direct interaction with compound 2.005.

With high affinity binding confirmed to both truncated and full length Brd9,
compound 2.005 was progressed for further investigation to assess its utility as a
chemical probe. These experiments included a broader pharmacological selectivity
screen [enhanced cross screen panel (eXP)], consisting of in vitro assays designed
to measure the effect of compound 2.005 on various receptor sites, ion channels,
transporters and enzymes (Table 2).

eXP Targets Compound 2.005 pICsq

PDE3A 5.1
PDE4B 6.0
PI3Ky 6.0

Table 2: pICso values for selected pharmacological targets identified in eXP screen.

Several off target effects were identified for compound 2.005 including activity
against PDE3A and PDE4B phosphodiesterase enzymes, as well as PI3Ky kinase.
These results suggested that the broader pharmacological selectivity of compound
2.005 was poor. Indeed, these results highlighted the promiscuous nature of 2.005,

as the eXP targets are from different families with inherently different binding sites.

Given the importance of exquisite selectivity for high quality chemical probes,”

compound 2.005 was considered unsuitable for use. The lack of selectivity shown
by compound 2.005 in both the eXP screen and chemoproteomics experiment
would make it very difficult to trust any phenotype observed through the use of this
compound. In particular, the disconnect observed between the TR-FRET data (80

fold selective for Brd9 over Brd4) and cellular data (5 fold selective for Brd9 over
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Brd4) was a cause for concern. Therefore, a medicinal chemistry program was

initiated in order to develop a potent and highly selective Brd9 chemical probe.

2.1.3 Physico-chemical property requirements of a chemical probe
When evaluating the potential of a compound as a chemical probe, it is important to
consider its physico-chemical properties in line with the recommendations for drug-
like molecules. For example, ligand efficiency (LE) is a measurement of the binding
energy per non-hydrogen atom to its binding partner. Formally, this value is defined
as the negative of the Gibbs free energy of binding per ‘heavy’ atom.***4"1%® With
some thermodynamic manipulation this approximately equates to that shown in
Equation 4.

LE = =AG/HAC > LE = RTIn(Kq)/HAC > LE = RTIn(ICso)/HAC
> LE = (1.37 x pICso)/HAC

Equation 4: Definition of ligand efficiency.

LE considers both the potency and size of the molecule, and thus enables
determination whether or not an initial hit is likely to be optimisable to a potent, drug-
like lead. AG is the Gibbs free energy of binding, with dissociation constant Ky (or
half the maximal inhibitory concentration, ICsy), and HAC represents the number of
‘heavy’ non-hydrogen atoms in the molecule. Typically, this drug-like endpoint is
taken to be a molecule that has 36 heavy atoms (corresponding to Lipinski’s

maximum molecular weight of 500),**°

with a potency of 10 nM. This profile would
provide a LE = 0.3 kcal mol™ per heavy atom. Therefore, in general, LE values of

0.3 and above are considered acceptable.

The lipophilicity of a given molecule influences factors such as selectivity, solubility
and binding affinity. This measurement can be accounted for by the property
forecast index (PFI), the sum of hydrophobicity plus aromatic ring count (Equation
5).150
PFI = ChromLogD-, 4+ aromatic ring count
Equation 5: Definition of PFI.

ChromLogD is the effective hydrophobicity of a molecule at a given pH, accounting
for its lipophilicity. This property is of paramount importance in drug discovery since
compounds which exhibit high ChromLogD values can often exhibit a range of
associated problems.™! Such issues include reduced aqueous solubility, and poor
selectivity, leading to a greater number of off-target interactions.'***** In addition,

high plasma protein binding is often observed, meaning there is little of the drug
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available to exert its action. The aromatic ring count of a given molecule contributes
to lipophilicity, which if high, can be detrimental to the PK profile. It is of note that too
much aromatic character provides fewer opportunities to introduce diversity for a
given molecular weight and results in a lack of 3-dimensional structure. It is
proposed that increased aromatic character can decrease ligand-receptor
complementarity, resulting in lower binding affinities.'> Within our laboratories it has
been shown that PFI values of 7 and below are considered optimal and within the
recommended guidelines for the design of drug-like molecules (compound 2.005
PFI = 6).

2.1.4 Aims for Brd9 chemical probe discovery
Following the identification of compound 2.005 as a bromodomain binder by

colleagues,*®’

the aim of this PhD research was to build upon these findings. More
specifically, the aim was to explore the potential of the TP template, to deliver a
potent and selective Brd9 chemical probe. As discussed previously (Section 1.6,

page 39), the Brd9 chemical probe should satisfy the following criteria:

1. Brd9 plCso = 7, as determined by TR-FRET assay.

2. 2100 fold selectivity over the BET family, Brd4 used as a representative
member.
230 fold selectivity over other non-BET bromodomains.
2100 fold selectivity over broader pharmacological targets outside of the
bromodomain family, as determined by eXP.

5. Evidence of cellular target engagement.

Since the TP series remained completely unexplored from a Brd9 perspective, this
would be achieved through structure driven design, guided, in part, by X-ray
crystallography (Figure 31).
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Figure 31: Screening cascade for the development of a Brd9 selective chemical probe. Red
boxes indicate critical components on the pathway and green non-critical.

Initially, compounds would be tested in TR-FRET assays to determine Brd9 potency
and selectivity over the BET family, using Brd4 as a surrogate (step 1la).
Simultaneously, physico-chemical properties such as ChromLogD, solubility and
permeability would be measured (step 1b). If acceptable potency and BET
selectivity were achieved, X-ray crystallography would be used to analyse the
binding mode and guide structural modifications to the scaffold (step 1aiii). Following
this, the compound would be profiled in non-BET bromodomain assays to
understand the broader selectivity (step 2). If the compound displayed = 30 fold
selectivity it would be progressed for determination of cellular target engagement
(step 3a). Previous work in our laboratories has shown that inhibition of the BET
family of bromodomains can lead to inhibition of proinflammatory cytokine
production.*”#792 Fyrthermore, it has been reported that there is correlation
between inhibition of IL-6 and BET bromodomain activity, as demonstrated for
multiple chemotypes. Therefore, as proof of cellular target engagement at Brd4

(given the compound shows Brd4 activity), the compound would be tested for
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inhibition of IL-6. For example, compound 2.005 showed IL-6 inhibition with a pICsx
value of 4.9, correlating well with its Brd4 BD1 activity (pICso= 4.7).

In parallel, eXP profiling would be conducted to assess broader pharmacological
selectivity (step 3b). If these milestones were achieved, the compound would be
progressed for further bromodomain profiling by means of BROMOscan (step 4).'?
In this experiment, the compound would be tested against a panel of 34
bromodomains, providing selectivity data across a panel of phylogenetically diverse
proteins. If the compound satisfied the 30 fold selectivity criteria as outlined above, it
would be progressed for determination of cellular target engagement using a
NanoBRET chromatin displacement assay (Step 5a).*'° Simultaneously, binding to
endogenous Brd9 would be determined by a chemoproteomics experiment
conducted by colleagues at Cellzome (Step 5b). If all these criteria were satisfied,
the compound would be declared as the Brd9 chemical probe (step 6). Following
this, the probe would be progressed for mouse PK studies to determine its suitability

as an in vivo tool (step 7).

With the Brd9 chemical probe identified, the aim would be to share it with the
scientific community through publication of the research, presentations at external
conferences and making it available through the SGC. With the compound freely
available to the scientific community, the biological effects of Brd9 bromodomain
inhibition can be investigated.
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2.2 Results and discussion for Brd9 chemical probe discovery

2.2.1 X-ray crystallography of Brd9 and Brd4 BD1

In order to design molecules which displayed selectivity for Brd9 over Brd4, the
binding pockets of the respective bromodomains were examined. This was achieved
using X-ray crystallography, allowing regions of structural diversity to be identified
and therefore exploited in the design of potent and selective compounds (Table 3).

WPF motif
WPF motif
WPF motif
ZA channel
ZA channel
ZA channel
ZA channel
ZA loop
ZA loop
ZA loop
ZA loop
ZA loop
ZA loop
Water-binding Tyr

Conserved Ala
Conserved Tyr
Conserved Asn

Gatekeeper

Table 3: Sequence similarity for the KAc binding site of the bromodomains of Brd9 and Brd4
BD1. Identical residues are highlighted in green and different in red. Grey boxes represent
amino acid insertions.

Most notably, Brd9 and Brd4 BD1 possess different lipophilic shelves, leading to a
distinct contrast in the architecture of their ZA channels (Table 3, residues 1-7). The
respective shelves are defined by 3 amino acid residues, namely Gly43, Phe44 and
Phe45 (GFF) in Brd9 and Trp81, Pro82 and Phe83 (WPF) in Brd4 BD1. Numerous
studies have shown that interactions with the WPF shelf in Brd4 are important for
the binding of synthetic ligands e.g. I-BET762 [1.006a (Figure 32)].%°
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Figure 32: X-Ray crystallography of I-BET762 (1.006a) in complex with the bromodomain of
Brd4 BD1 (orange, left, PDB code = 3P50) and apo Brd9 (blue, right).

Importantly, Brd9 and Brd4 possess different gate keeper residues, located towards
the entrance of the lipophilic shelf. In Brd9 this corresponds to Tyrl06, which
completely blocks access to this area of the binding pocket. In contrast, Brd4 BD1
contains a smaller lle146 gate keeper, leading to greater accessibility to the shelf. X-
Ray crystallography of I-BET762 (1.006a) modelled in the bromodomain of Brd9
indicates that the phenyl ring which occupies the WPF shelf in Brd4 BD1 would
undergo a steric clash with Tyr106 in Brd9 (Figure 33).

bromodomain of Brd9.
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2.2.2 Design and synthesis of amides

2.2.2.1 Identification of target compounds

Analysis of the data generated by the cross-screen previously described (Figure 26,
page 48) revealed an example in which the introduction of the carbonyl functionality,
transforming amine 2.001 into its amide analogue, 2.005, significantly increased
selectivity over Brd4 BD1. More specifically, amide 2.005 displayed 80 fold
selectivity over Brd4 BD1, whilst amine 2.001 was not selective. The selectivity
window shown by 2.005 was achieved whilst maintaining Brd9 potency, with both

compounds exhibiting plCsy values of approximately 6.7 (Figure 34).

O O
\N | N \N | N O
XS N—> NS N—>
N\ N\
SO,Me SO,Me
OMe OMe
OMe OMe
2.001 2.005
Brd9 plCsg: 6.6 (0.2) Brd9 plCs: 6.7 (0.28)
Brd2 BD1/BD2 plCsy: 6.5/ 4.5 x0 Brd2 BD1/ BD2 plCsq: 4.9 /4.7 x60
Brd3 BD1/BD2 plCs: 6.4 / 4.8 x1.5 Brd3 BD1/ BD2 plCsq: 4.8 /5.0 x50
Brd4 BD1/BD2 plCsy: 6.7 / 4.7 X0 Brd4 BD1/ BD2 plICsy: 4.7 / 4.8 x80
BrdT BD1/BD2 plCgq: 6.1/ <4.3 x3 BrdT BD1/ BD2 plCgq: 4.9 / 4.5 x60

Figure 34: pICso values for compounds 2.001 and 2.005 in the bromodomains of Brd9 and Brd4
(BD1 and BD2), as determined by TR-FRET analysis. Brd9 ligand efficiency values are shown in
parentheses. Selectivity over the BET proteins is calculated relative to the maximum value,
either BD1 or BD2. Data are n22.

In order to determine the binding mode of compound 2.005 and to further investigate
its SAR, X-ray crystallographic analysis was utilised. A co-crystal structure of 2.005
in the bromodomains of Brd9 (left, green) and Brd4 BD1 (right, blue) provided good
evidence for the specific interactions responsible for its activity (Figure 35).
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Figure 35: X-Ray crystallography of 2.005 in complex with the bromodomains of Brd9 (left,
green, PDB code = 4UIT) and Brd4 BD1 (right, blue, PDB code =4UIZ). Hydrogen-bonds are
shown as grey dashed lines and water molecules as red spheres.
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In both Brd9 and Brd4 BD1, the N-methyl pyridone moiety of the ligand acts as a
direct structural analogue of KAc. The carbonyl group forms a direct hydrogen-bond
to the NH, moiety of the conserved Asn residue (Asn100, Brd9; Asn140, Brd4 BD1)
and a water-mediated interaction with the Tyr (Tyr57, Brd9; Tyr94, Brd4 BD1).

In Brd9, the 7-dimethoxyphenyl substituent protrudes into the ZA channel, in close
contact with Phe44 and Ile53 on either side. The dimethoxy group participates in a
series of through-water interactions, with the 4-methoxy substituent forming a water-
mediated hydrogen-bond to the backbone carbonyl of His42. At the other end of the
molecule, the 2-position amide forms multiple intearctions, however, not all are
favourable. For example, the amide carbonyl sits 2.7 A from the carbonyl oxygen of
lle53, located in the peptide backbone. This is a close interaction for two carbonyl
moieties, potentially leading to unfavourable electrostatics. In compensation, the
piperazine amide is conformationally restricted, directing the methyl sulfonamide to
a position where it can accept a hydrogen-bond from the backbone NH of Arg101.

In general, compound 2.005 exhibits a similar binding mode in Brd4 BD1. However,
more detailed interactions of the compound differ. One difference arises from the
double substitution of Brd9 Ala54/Tyr106 for Brd4 Leu94/Leul46 on either side of
the thieno-pyridinone ring, leading to a differently shaped pocket (Figure 36).
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Figure 36: X-Ray cyrstallography of 2.005 in complex with the bromodomain of Brd9 (green,
PDB code = 4UIT) overlaid with 2.005 in compex with Brd4 BD1 (blue, PDB code = 4UIZ).

These substitutions result in a tilt of the thieno-pyridinone ring by approximately 10°
away from Leu94 in Brd4. The close proximity of Leu94 in Brd4 forces the thiophene
2-position carbonyl bond torsion into an almost planar, unfavourable conformation,
in contrast to the ~30° angle seen in Brd9. Consequently, the piperidinyl
sulfonamide is forced to adopt a different position, and as a result, the sulfonamide

is unable to hydrogen-bond to the backbone of Lys141 (the equivalent of Arg101 in
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Brd9). Instead, the sulfonamide is predicted to sit near the side-chain oxygen of
Tyrl39, an electrostatically unfavourable region. These observations are consistent

with the lower potency of 2.005 for Brd4 compared to Brd9.

X-Ray cystallography** was also used to rationalise the difference in Brd4 activities
shown for amine 2.001 (blue) compared to its amide analogue 2.005 (green).
Conversion of amine to amide, transforming the hybridisation of the 2-position
carbon atom from sp® to sp® causes a conformational change of the ligand (Figure
37).

Figure 37: X-Ray crystallography of amide 2.005 (green, PDB code = 4UIT) in complex with the
bromodomain of Brd9 overlaid with amine 2.001 (blue) in complex with the Brd4 BD1.

In Brd9, amide 2.005 moiety adopts ~30° degree torsion angle as discussed
previously, allowing the sulfonamide moiety to interact with the backbone NH group
of Arg101 (Figure 35). In contrast, the sp® linker of amine 2.001 causes the
piperazine sulfonamide to occupy a different position, which is presumably identical
in both Brd9 and Brd4 BD1.

Given the selectivity of compound 2.005, potentially driven by the amide linker, a

series of amides were synthesised to explore this hypothesis.
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2.2.2.2 Preparation of various amide derivatives

2.2.2.2.1 Retrosynthesis of amide derivatives
In order to access the various 2-position amides, the following retrosynthetic

analysis was proposed (Scheme 1).
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XS “NR, SN 0 N o
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N OH N H
OMe Br Br
OMe 2.008 2.009
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o 0 o)
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g N —> HN B O —> un s
: XS H XS
Br
2.010 2.011 2.012

Scheme 1: Retrosynthetic analysis of 2-position amides from known starting material 2.012.

It was believed that the 7-position dimethoxyphenyl motif could be installed via a
Suzuki-Miyaura coupling using the appropriate boronic acid. The 2-position amide
moiety could be derived from the corresponding acid, providing intermediate 2.008,
which could be functionalised at both the 2 and 7-positions. The carboxylic acid
group of 2.008 could be accessed by oxidation of aldehyde 2.009, which in turn,
could be derived from N-methylation of 2.010. Selective bromination at the 7-
position of compound 2.011 would provide intermediate 2.010. Finally, installation of
the 2-position formyl moiety could be achieved by lithium-halogen exchange of

known compound 2.012,"° followed by the addition of DMF.

Starting material 2.012 was made available on scale via outsourcing. However, the
synthesis has previously been reported by Gentile and co-workers'® from the

commercially available aldehyde 2.013 (Scheme 2).

malonic acid, piperidine, DPPA, TEA,
| N Br pyridine, reflux | N Br toluene, rt
H s » HO_ v S —_—
41% 70%

O (0]

2.013 2.014

(0]
| —br Ph,0, 250 °C
N S —_—
3 =~ 0 HN | N Br
10%
o) X~ S
2.015 2.012

Scheme 2: Synthesis of known compound 2.012 as reported by Gentile and co-workers.**®
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A Knoevenagel condensation of aldehyde 2.013 with malonic acid provided a,B-
unsaturated carboxylic acid, 2.014 in a 41% yield. Subsequent addition of DPPA
with TEA in toluene afforded the acyl azide 2.015, which underwent a Curtius
rearrangement and subsequent cyclisation to provide compound 2.012 in a 10%

yield.

2.2.2.2.2 Synthesis of the Thieno-Pyridinone (TP) core

Previous work conducted by co-workers®™’ led to the successful synthesis of key
intermediate 2.009, which allowed for the introduction of structural diversity at both
the 2- and 7-positions. Preparation of 2.009 was achieved via a 3-step procedure

from known thieno-pyridinone 2.012 (Scheme 3).**°

o (l) nBULi, THF, 0 NBS, THF, rt,
-78°C,1h o 24 h
HN —» HN —_—
~ [ D—sr (i) DMF, THF, ~ I 79%
S 60°C-rt,1h S H
65%
2.012 2.011
Mel 032003 O
THF r, 18 h ~ 0
N | N\
71% XS H
Br
2.010 2.009

Scheme 3: Synthesis of aldehyde 2.009.

Initial treatment of compound 2.012 with "BuLi at —78 °C, followed by the drop-wise
addition of DMF at -60 °C and warming to room temperature'® afforded aldehyde
2.011 in a 65% yield. Subsequent selective bromination at the 7-position, employing
NBS in THF provided 2.010 in a 79% vyield. Following this, N-methylation with Mel
and Cs,CO;™° furnished compound 2.009 in a 71% vyield. Pleasingly, this route
proved to be highly scalable, providing over 30 g of aldehyde 2.009.
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2.2.2.3 Functionalisation of 2.008

With intermediate 2.009 in hand, initial focus was placed on installation of the amide
functionality followed by a Suzuki-Miyaura coupling to introduce the aryl motif
(Scheme 4).

NaC|02, Hzoz,
e} NaH,PO,, @) NHR,, HATU,
N \ o DMSO/H,0 N \ 0 DIPEA, DMF, rt, 18 h
| —_— | =
XN S H rt, 24 h X~~S OH or EDC, DIPEA,
Br 58% Br HOBt-NH,, DMF, rt, 35 h
42-79%
2.009 2.008
0
ArB(OH),, < o
0 PdCly(PPhs), , K,CO3, N | N\ ann
120 °C, DME/H,0 ~
—_—
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5-57%
Br ° OMe OMe
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B N
R = N R= N
4» 2,016 *X _> 2.005 *\
N NMe, 2.017b N NMe, 2.018b
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Scheme 4: Synthesis of amides 2.005 and 2.018a—d.

2.018a NH, 2.018d

The synthesis of acid 2.008 was achieved via a Pinnick oxidation,*°

employing
NaClO,, NaH,PO, and H,O, as a scavenger. Following this, standard peptide
coupling conditions using HATU and DIPEA in DMF*®! yielded amides 2.016 and
2.017a—c in modest to high yields. Primary amide 2.017d was synthesised using
different coupling reagents: EDC and 1-hydroxybenzotriazole ammonium salt.'®?
These conditions were favoured over the use of ammonia and a coupling reagent as
1-hydroxybenzotriazole ammonium salt provided an efficient, weighable source of
ammonia. Final compounds 2.005 and 2.018a-d were synthesised by a Suzuki-

Miyaura coupling,'®® employing PdCl,(PPhs;), as a precatalyst.

Despite the successful synthesis of compounds 2.005 and 2.018a—d, the above
route was lengthy, and as such, did not provide an attractive method for further SAR
exploration at the 2-position. With this in mind, an alternative, shorter pathway, in

which structural diversity could be introduced at a later stage was devised.
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2.2.2.4 Preparation of key intermediate 2.021

In order to access a series of amide coupled derivatives via a route in which the final
step allows for the introduction of structural diversity, focus was placed on a larger
scale preparation of key intermediate 2.021 via two different synthetic strategies
(Scheme 5).

o)
ArB(OH), ~ 0
N
Q K,COs, | N

~\ ) 0 PACI(PPhy)y, __NaCio,, S OH

XS H DME/H,0, 202
uwave, 120 °C, 0.5 h NaH,POy,
Br Me  DMSO/M,0, 1t 48 h OMe
62% 72% OMe

2.009 2.022 2.021
NaClOz, HyO,, NaH,POy,, 1 M LiOH, THF/MeOH,
H,O/DMSO, rt, 24 h rt, 6 h, not isolated
58%
(0]
PdCI,(PPhjy)s, \N O
O Etl, NaHCOs, Q K,COs, g N
~ (0] DMF, rt, 18 h ~ (0] ArB(OH S OEt
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X8 OH 77% XS OEt DME/H,0,
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Ar =
OMe
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Scheme 5: Synthetic route to late stage intermediate 2.021.

In an attempt to synthesise acid 2.021 directly, a Suzuki-Miyaura coupling™®® with
acid 2.008 was undertaken. LCMS analysis of the crude reaction mixture indicated a
complex mixture of products with no desired product (2.021) observed. Considering
this result, an identical coupling was attempted with the acid functionality protected
as ethyl ester 2.019, which was synthesised in a 77% vyield from acid 2.008.**
Analysis of the subsequent Suzuki-Miyaura coupling*®® indicated product formation
by LCMS. Consequently, the crude mixture was taken forward to attempt a
deprotection by hydrolysis. Treatment of crude ethyl ester 2.020 with 1 M LiOH in
THF/MeOH'® furnished free acid 2.021 (not isolated). However, in order to avoid
the introduction of two additional steps in the overall synthetic plan, an alternative
route was explored via a Suzuki-Miyaura coupling’® with aldehyde 2.009.

Pleasingly, aldehyde 2.022 was isolated in a 62% yield using identical conditions as
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previously described. Subsequently a Pinnick oxidation'® using NaClO,, NaH,PO,
and H,O, as a scavenger furnished carboxylic acid 2.021 in a 72% vyield. Indeed,
this route proved to be scalable, providing over 5 g of 2.021. With a successful
scale-up route to this key intermediate established, further functionalisation of acid

2.021 was explored.

2.2.2.5 Preparation of various amides from key intermediate 2.021

With intermediate 2.021 in hand, a simple amide coupling employing HATU and
DIPEA with the appropriate amine afforded compounds 2.023 and 2.024 (Scheme
6). Compound 2.023 was synthesised from the commercially available Boc
protected piperazine. Following this, deprotection, employing 4 M HCl in 1,4-dioxane
furnished amide 2.025 in a 76% vyield.

o] o) o
~ O ~ (0] ~ O
N N N
R HATU, DIPEA, I for 2.023, 4 M HCl in B
X S OH NHRjy, DMF,rt, 18 h X S 1,4-dioxane, rt, 48 h S S R
—_—_— _—>
76%
OMe OMe OMe
OMe OMe OMe
2.021 = =x . N
R= N N R= N
{ _> / NHSO,Me O 2.025
N NH-HCI
Boc
2.023,73%  2.024,27%

Scheme 6: Synthesis of amides 2.024 and 2.025 from intermediate acid 2.021.

The amine required for the synthesis of compound 2.024 was accessed via a 2-step
procedure from the commercially available methyl diamine derivative, 2.026
(Scheme 7). Mesylation of carbamate 2.026 employing methane sulfonyl chloride
and NEt; in DCM® provided 2.027 in an 83% yield. Following this, Boc deprotection
employing 4 M HCl in 1,4-dioxane furnished amine 2.028 in a quantitative yield.

CISO,CH3, NEts,

DCM, 0 °C - rt, 4 M HCl in 1,4-dioxane,

Boc 22h Boc rt, 18 h H
N —>» N .SO,Me ————3» N .SO,Me
ANNH, 83% - \/\” quant. - \/\H
2.026 2,027 2.028

Scheme 7: Synthesis of amine 2.028 from commercially available carbamate 2.026.
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2.2.2.6 SAR discussion of amide derivatives

In order to determine the binding affinity of these amides against the bromodomains
of Brd9 and Brd4 (BD1 and BD2), a competitive displacement assay was utilised
(Figure 31, step 1la). Each compound was screened in an in vitro TR-FRET assay
from which plICs, values were calculated. Fold selectivity for Brd9 is shown relative
to the maximum Brd4 value [typically BD1 (Table 4)].

(e}
\N (@]
S R
OMe
OMe
Brd4 Brd4
Entry Compound R= BIerQ BLr(ég BD1 BD2 Selectivity
olles pICsy PpICso
K
1 2005 \D 67 028 47 48 x80
~S0,Me
Ly
2 2025 UH 56 026 50 44 x4
s
3 2.018a'° “O 54 026 48 43 x4
4 2.018b™*° ‘“:\rlu/ 53 028 4.9 4.7 x3
5 2.018c fy\u/ 6.9 038 6.7 6.9 x1
6  201lsd ANH, 70 040 69 68 x1
170 H
7 2.029 &”NN\SOZW 70 031 7.0 6.6 x1
H

8 2.024 fihl,/\/N\SOZMe 52 022 50 46 x2

Table 4: plCsp values for selected amides in the bromodomains of Brd9 and Brd4 (BD1 and BD2)
as determined by TR-FRET analysis. Selectivity is calculated relative to the maximum Brd4
value. Data are n23.

All compounds showed ~5 UM or greater affinity for Brd9 with plCs, values of 5.2
and above. Analysis of the data compared to compound 2.005, the original start
point for this project, indicated that the methylsulfonamide moiety was important for
both potency and selectivity. Truncation of the piperazine methylsulfonamide
functionality of 2.005 to give unfunctionalised piperazine 2.025, piperidine 2.018a
and dimethyl amide 2.018b, reduced Brd9 potency, with little effect on Brd4 activity

(entries 1-4). It was presumed that the reduction in Brd9 activity was due to the loss
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of a hydrogen-bond upon removal of the methylsulfonamide group in 2.005. This

hypothesis is consistent with X-ray crystallography*®

of piperazine 2.025 (right) in
complex with the bromodomain of Brd9 [Figure 38, amide 2.005 (left) shown for

comparison).
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Figure 38: X-Ray crystallography of amldes 2.005 (left, PDB code = 4UIT) and 2.025 (rlght) in

complex with the bromodomain of Brd9. Hydrogen-bonds are shown as grey dashed lines and
water molecules as red spheres.

Interestingly, although not selective over Brd4, secondary amides 2.018c, 2.018d
and 2.029 restored the Brd9 activity observed for 2.005 (entries 1 and 5-7). It was
presumed that the amide NH was forming an additional interaction in both Brd9 and
Brd4, accounting for the increase in activity. This exciting result demonstrated that
high potency could be achieved without extension beyond the amide moiety,
providing molecules with improved ligand efficiencies (compare entries 1 and 6).
Analysis of the X-ray crystal structure™® 2.018c in complex with the bromodomain of
Brd9 (right) indicated that the amide carbonyl had rotated by approximately 110°
relative to compound 2.005 (left). As such, the NH moiety was able to form a direct
hydrogen-bond to the carbonyl group of lle53 (Figure 39).

| |

Hle53 { o _ lle53 ( V4 toward
A ~ ~ owards

‘ \ ’/' ] \o‘ ’ // solvent

S | a
[ 4' \? Asn100 Arg101 [/ A A A Asn100
- \/[\ } : | 8 \l//\\ \ = . /l (\
f Arg101

Figure 39: X-Ray crystallography of amides 2.005 (left, PDB code = 4UIT) and 2.018c (right) in
complex with the bromodomain of Brd9. Hydrogen-bonds are shown as grey dashed lines and
water molecules as red spheres.

)

68



GSK CONFIDENTIAL INFORMATION — DO NOT COPY

Interestingly, secondary amide 2.029 was equipotent to amides 2.018c and 2.018d
despite the presence of an additional hydrogen-bond acceptor at the terminal end of
the alkyl chain. The sulfonamide moiety was expected to participate in a hydrogen-
bond interaction, increasing potency relative to 2.018c and 2.018d. However, X-ray
crystallography of compound 2.018c (Figure 39, page 68) indicated that the amide
methyl substituent was directed towards solvent. Presumably, extension beyond a
methyl group to give sulfonamide 2.029 could result in a similar binding mode.
Therefore, the terminal sulfonamide group would be unable to participate in any
hydrogen-bond interactions within the bromodomain binding pocket. Methylated
variant 2.024 exhibited a similar activity profile to that of the other tertiary amides,
despite its more flexible nature relative to the conformationally restrained ring

systems (compare entries 3 and 8).

In summary, the methyl sulfonamide group of compound 2.005 was found to be
essential for Brd9 activity and selectivity over Brd4. However, an increase in Brd9
potency was achieved by secondary amides 2.018c, 2.018d and 2.029 via an
interaction with 1le53 (Figure 39, page 68). Although these amides showed little to
no selectivity over Brd4, the improvement in Brd9 potency and ligand efficiency
represented a significant advance in the project, leading to further investigations

around the amide series.
2.2.3 Design and synthesis of amide array

2.2.3.1 Identification of array compounds

Having established limited SAR around the TP amide series, compound 2.005
continued to display the best combination of potency and selectivity. With a route to
the precursor of lead compound 2.005 established, and an intermediate in which
structural diversity could be introduced at the final stage, an array of amides was
designed. This was achieved through the use of a GSK database of commercially
available and in-house monomers, which can be filtered based on various
parameters such as: functional group; molecular weight; cLogP; number of aromatic
rings; and number of hydrogen-bond acceptors (HBA) or donors (HBD). Data from
the previous compound set (Table 4, page 67) in combination with X-ray
crystallographic analysis, aided the design of a series of secondary and tertiary
amides. These data indicated that the sulfonamide moiety of 2.005 acted as a HBA,
specifically orienting the amide carbonyl group to deliver selectivity. In contrast,

secondary amide 2.018c provided high Brd9 activity through the HBD ability of the
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amide NH. Considering this result, focus was placed on combining the HBA

methane sulfonamide group with the HBD amide NH, in order to provide compounds

that were both potent and selective (Figure 40).

;’\,}l/
H

2.018¢c

Brd9 pICsy: 6.9 (0.37)

Brd4 BD1/BD2 plCgy: 6.7 / 6.9 x0

OMe
OMe

'
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k/N‘sone

Brd9 plCsy: 6.7 (0.28)
Brd4 BD1/ BD2 pICsq: 4.7 / 4.8 x80

2.005

CORE

HBD

LINKER

HBA

Figure 40: Rationale behind the design of amide array. Brd9 ligand efficiency values are shown

in parentheses and selectivity is calculated relative to the maximum Brd4 value. Data are n23.

This concept was employed in the design of several conformationally restricted

secondary amides, which combine these two features via various linkers. By means

of locking the HBA functionality in various ring systems and substituted chains in

order to induce tortional strain, it was hypothesised that this key selectivity inducing

group would no longer be capable of protruding into the solvent.

As well as the secondary amide set, a collection of tertiary amides were designed

with the aim to explore the optimum position of the HBA functionality. This series of

compounds included various substitution patterns, ring sizes and alternative HBA

moieties (Figure 41).
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Figure 41: Chemical structures for amides synthesised in the amide array.

Preparation of these compounds was carried out by colleagues within the GSK
Compound Array Team,'* a group specialising in the small-scale synthesis of target
compounds for biological test and evaluation. This hugely enabling resource utilised
a pre-prepared intermediate, delivering the desired series within a 10 day time
frame. The contribution from the Compound Array Team proved extremely valuable
as the sequential synthesis of these compounds would be far less efficient. Although
23 amides were designed, the Compound Array Team were able to successfully

deliver 20 compounds for biological test and evaluation. This was achieved via a
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peptide coupling on advanced intermediate 2.021, employing HATU and DIPEA in
DMF (Scheme 8, for experimental detail see Appendix 5.4.1).

o 0
~ O ~ O
NN HATU, DIPEA, NN
x~5 OH NHR'RZ DMF, 18 h, rt NS NR'R?
=
3-46%
OMe OMe
OMe OMe
2.021 2.030

Scheme 8: Synthesis of amides by the Compound Array Team.

The synthesis of the remaining compounds was attempted but unsuccessful,
providing only starting material as judged by LCMS analysis. It has been reported
that reactions that succeed in synthetic arrays tend be more lipophilic, reflecting the
propensity to use organic work-up procedures that favour these molecules.™ In an
attempt to investigate this correlation on the array compounds, the LogP values of
the successful and unsuccessfully synthesised amides were analysed.
Unfortunately, no such trend was observed.
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2.2.3.2 SAR discussion of amide array

As with the original set of amides, the array compounds were tested in an in vitro
TR-FRET assay, in order to determine binding affinity against the bromodomains of
Brd9 and Brd4 (Figure 31, step 1a). Figure 42 displays a graphical representation
of the array data (for full data set see Appendix 5.4.2). The line of unity indicates
which compounds were equipotent in the bromodomains of Brd4 (maximum value
quoted, either BD1 or BD2) and Brd9, whilst the dashed lines represent 10 fold
selectivity for Brd4 (top) and Brd9 (bottom). Tertiary amide compounds are
highlighted in orange and secondary in green.

10 fold selective
for Brd4

unity
2.030a &b
Max Brd4 plCs,
| L]
7.2
10 fold selective
for Brd9
7
6.8
N
6.6
N
6.4
O
6.2 .
6
5.8 . 2"amides
56 . 3 amides
54
o H
[T
H B
5 1]
O
48 [ | B 2005
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46
52 54 56 58 6 62 64 66 68 7 72 T4 76 8
Brd9 pICyy

Figure 42: Graphical representation of TR-FRET assay results from the amide array. Brd9 plCso
values are shown on the x-axis and maximum Brd4 (BD1 or BD2) on the y-axis. Secondary
amides are highlighted in green and tertiary in orange.

In general, the secondary amides displayed much greater activity in both Brd9 and

Brd4 than the tertiary compounds, presumably due to their ability to form an
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additional hydrogen-bond (Figure 39, page 68). Cyclic sulfones 2.030a and b are
highlighted as they delivered over 10 fold increase in Brd9 potency relative to
compound 2.005, albeit with reduced selectivity over Brd4 (Figure 43).

O O
~ O ~ O
N N
Q_ s’ HN S0, s HN—O
SOZMe
OMe OMe
OMe OMe

2.005 2.030a 2.020b
Brd9 plCsy: 6.7 (0.28) Brd9 plCs: 7.9 (0.34) Brd9 plCsg: 7.8 (0.34)
Brd4 BD1/BD2 plCyy: 4.7/4.8x80  Brd4 BD1/BD2 plCsy: 7.3/7.0x4  Brd4 BD1/BD2 plCsy: 7.3/ 7.0 x3

Figure 43: pICso values for compounds 2.005, 2.030a and 2.030b in the bromodomains of Brd9
and Brd4 (BD1 and BD2), as determined by TR-FRET analysis. Brd9 ligand efficiency values are
shown in parentheses. Brd4 selectivity is calculated relative to the maximum Brd4 activity. Data
are n23.

155

X-Ray crystallography™> of amide 2.030a in complex with the bromodomains of
Brd9 (left, green) and Brd4 BD1 (right, blue) provided good evidence for the
interactions responsible for the observed potency (Figure 44).
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Figure 44: X-Ray crystallography of amide 2.030a in complex with the bromodomain of Brd9
(left, green, PBD code = 4UIU) and Brd4 BD1 (right, blue, PDB code = 4UIX). Hydrogen-bonds
are shown as grey dashed lines and water molecules as red spheres.

Analysis of the X-ray crystal structures indicated that amide 2.030a forms identical
interactions in Brd9 and Brd4 BD1. The amide NH moiety forms a direct hydrogen-
bond to the conserved Asn (Asnl100, Brd9; Asn140, Brd4 BD1) creating a bidentate
interaction in combination with the TP core KAc mimetic. Furthermore, these
structures suggest that the increased potency of amide 2.030a compared to 2.028¢
(Table 4, page 67) is likely due to the cyclic sulfone. Surprisingly, this ring bound
such that the amide NH moiety was in the axial position, placing the sulfone group
within hydrogen-bonding range of the backbone NH of Argl01l in Brd9. The
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conformation of this group was very similar in Brd4 BD1, with the sulfone forming a
hydrogen-bond to the backbone NH of Lys141 (the equivalent of Arg101 in Brd9).
As 2.030a forms very similar interactions in both Brd9 and Brd4, there was very little

selectivity (4 fold) shown between these bromodomains.

As 5-membered sulfone 2.030b was originally synthesised as a racemate, the single

d'? and tested to determine their individual activities.

enantiomers were prepare
Results from the TR-FRET assay indicated that both the (R)- and (S)-enantiomers
were equipotent to the racemate, indicating that the stereochemical configuration of
the chiral centre made no difference to the interactions between the ligand and

bromodomain.

No significant results were obtained from the tertiary amide array, as most
compounds exhibited plCs, values in the region of 5.5, with minor selectivity over
Brd4. Alternative HBA functionalities and their locations around the ring had little
effect on activity, which suggested an inability to mimic the hydrogen-bond
interaction made by the sulfonamide moiety in 2.005. The data set provided by
these tertiary amides (see Appendix 5.4) highlighted the intriguing nature of
compound 2.005 and its ability to deliver both potency and selectivity in the 2-
position of the template. Indeed, this activity profile proved extremely difficult to
replicate or improve upon through further exploration of alternative amide
substituents. However, the compounds delivered by the Compound Array Team
provided a 10 fold increase in Brd9 potency relative to compound 2.005 and

consequently highlighted the benefit of forming a bidentate interaction to Asn100.
2.2.4 Design and synthesis of alternative cores

2.2.4.1 Identification of target compounds

Considering the SAR generated around the various 2-position amides, it was
believed that an increase in Brd9 activity and ligand efficiency could be gained
through changes to the central core. Replacement of the lipophilic thiophene ring
for a more polar imidazole would not only reduce the inherent lipophilicity of the
template but could also provide an increase in potency. As discussed in Section
2.2.2.6 (page 67) the formation of a bidentate interaction to Asn100 causes Brd9
activity to increase by 30 fold for compounds 2.018b and c, respectively. Moving
forward, it was hypothesised that an imidazole NH could be capable of mimicking

this interaction, leading to greater Brd9 ligand efficiency (Figure 45). If successful,
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further elaboration at the 2-position of the scaffold could be conducted, providing

opportunites to explore alternative parts of the protein.
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Figure 45: Representation of bidentate interactions to Asn100 for modified TP compounds.
Brd9 ligand efficiency values are shown in parentheses.

Imidazole pyridinone (IP) core 2.032 was selected for the basis of this investigation,
proving an ideal comparison to TP analogue 2.031 and thiazole 2.033 previously
synthesised by colleagues.'” Although not able to form a bidentate interaction,
Furan Pyridinone (FP) analogue 2.034 was included as an additional comparator,

due to its reduced lipophilicy relative to TP compound 2.031.

As previously discussed (Section 2.1.3, page 53) ChromLogD is used to assess the
lipophilicity of a compound and therefore gives an indication of drug-like properties.
As shown in Figure 45, IP (2.032, ChromLogD;,: 1.6), thiazole (2.033,
ChromLogD74: 2.7) and FP (2.034, ChromLogD- 4: 3.4) compounds have reduced
lipophilicy compared to TP compound (2.031, ChromLogD~ 4: 4.1).

76



GSK CONFIDENTIAL INFORMATION — DO NOT COPY
2.2.4.2 Synthesis of the IP core

2.2.4.2.1 Retrosynthetic analysis
In order to access IP core compound 2.032 the following retrosynthetic analysis was
proposed (Scheme 9).
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& NH,
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Scheme 9: Reterosynthetic analysis of compound 2.032.

A disconnection at C-7 would provide intermediate 2.035, a suitable Suzuki-Miyaura
coupling partner, to which the dimethoxyphenyl group could be installed. This, in
turn, could be derived from protected 2.036, accessed via a methylation of 2.037. It
was believed that protection of the imidazole NH was necessary in order to achieve
selective pyridone N-5 methylation. Intermediate 2.038 could be accessed by a
selective 7-position bromination of unfunctionalised core 2.039. Finally, construction
of IP scaffold 2.039 could be achieved via cyclisation of commercially available

chloro-pyridine derivative 2.040 with acetic acid.
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2.2.4.2.2 Preparation of the IP core
Synthesis of the IP core was successfully achieved via a 6-step route from

commercially available pyridine 2.040 (Scheme 10).

Cl AcOH, pwave 0 H
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Scheme 10: Synthesis of IP core compound 2.032.

Exploration of in-house GSK databases revealed conditions for the synthesis of
2.039: heating pyridine 2.040 in AcOH.*" Initially, this reaction was performed under
thermal heating at 160 °C for 24 hours. However, with some optimisation, the
reaction time was shortened to 3 hours under microwave irradiation at 160 °C.
Pleasingly, these conditions provided unfunctionalised core 2.039 in quantitative
yield. Subsequent electrophilic bromination employing NBS in DMF provided
bromide 2.038 in a 32% vyield. The low yield for this reaction was attributed to
difficulties during purification by silica gel chromatography due to the high polarity of
the compound. To improve this result, crude 2.038 could be taken on to the
subsequent step without purification. Interestingly, no brominated product was
observed using DCM or THF as solvents, even when heated to reflux. This was
presumably due to lack of solubility of 2.039 under these conditions. In order to

selectivity methylate the pyridone nitrogen, it was necessary to protect the imidazole
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NH. Previous studies within GSK*"* had shown that the SEM group was optimal for
this pathway given the synthetic ease of installation and orthogonal conditions
required for deprotection, leaving the N-5 methyl substitution intact. Treatment of
bromide 2.038 with SEMCI in DMF provided 2.037a and b in a 67% vyield as a 5:1
mixture of regioisomers. This structural assignment was confirmed by 'H NMR
spectroscopy through observation of a 3-bond coupling between NCH,OR and C-8
of the ring junction by HMBC. Reasons behind the observed selectivity of N-3
protection over N-1 can be rationalised through steric considerations. Addition of the
SEM group at N-1 would be less favoured since it would sit in close proximity to the
bulky Br substituent. Therefore, selective addition to the sterically less encumbered
N-3 was observed. Following protection, methylation at N-5 employing Mel in DMF
at room temperature proved successful, providing a 5:1 mixture of regioisomers,
with the major component shown as 2.036a. This was confirmed by *H NMR
spectroscopy as described for regioisomers 2.037a and b. Following this, SEM
deprotection in neat TFA at room temperature furnished key intermediate 2.035 in
an 82% yield. Finally, a Suzuki-Miyaura coupling®®® using the PEPPSI-Pr pre-

catalyst system'”® was employed to install the dimethoxyphenyl motif.

2.2.4.3 Synthesis of the FP core
The synthesis of the FP core molecule 2.034 was achieved in 2-steps from aldehyde
2.041, available from the GSK compound collection (Scheme 11).

. 0
PEPPSI-Pr, K,COs3, -
Q SiEtsH, TFA, 0 ArB(OH),, IPAH,0, NI
~ O 40 °C, 18 h ~ 120 °C, 0.5 h, pwave S 1o}
N | A\ _ N | A\ >
XN~~0 H 99% X0 36%
B B VW
' ' OMe
Ar = OMe
2.041 2.042 OMe 2.034

OMe
Scheme 11: Synthesis of FP compound 2.034.

Aldehyde 2.041 was successfully reduced to methyl-substituted compound 2.042 in
excellent yield using triethylsilane in TFA at 40 °C.*"® Following this, a Suzuki-
Miyaura coupling®® with PEPPSI-'Pr"® furnished final compound 2.034 in 36% yield.
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2.2.4.4 SAR discussion of alternative core compounds

Alternative core compounds 2.031-2.034 were tested in a TR-FRET assay against
the bromodomains of Brd9 and Brd4 (BD1 and BD2), in order to determine binding
affinity (Figure 31, step la). Fold selectivity for Brd9 is shown relative to the

maximum Brd4 value (Table 5).

R
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Entry Cﬁlﬁ‘r‘;‘t’)‘é?d R E’Irgg B[gg BD1 BD2 Selectivity
%0 pICsy  pICs
(@]
N
1 2.031 N 7.3 0.45 6.3 5.9 x10
A S
Y
2 203317 \“t‘;['“\ 58 040 57 54 x1
. - S)- . . . .
o
~ N
3 2.032 ﬁi,)- 6.5 0.40 6.4 6.1 x2
N
o
~N
4 2.034 N\| N 7.1 0.44 6.3 6.0 x6

Table 5: plICso values for compounds 2.031-2.034 in the bromodomains of Brd9 and Brd4 (BD1
and BD2) as determined by TR-FRET analysis. Selectivity is calculated relative to the maximum
Brd4 value. Data are n23.

Pleasingly, Brd9 ligand efficiencies of all alternative core compounds were uniformly
high. However, incorporation of additional heteroatoms into the 5-membered ring
caused Brd9 potency to decrease. For example, moving from TP 2.031 to thiazole
2.033 caused Brd9 potency to decrease by 30 fold, as well as selectivity over Brd4
(entries 1 and 2). It was proposed that this reduction in activity was due to the
nitrogen lone pair of the thiazole ring causing a unfavourable electrostatic interaction
with the carbonyl moiety of Asn100. Pleasingly IP compound 2.032 provided a 5 fold
improvement in Brd9 potency relative to thiazole 2.033, albeit with no selectivity over
Brd4. However, IP compound 2.032 provided no improvement in Brd9 potency or

selectivity compared to TP 2.031 (entries 1 and 3). X-Ray crystallography™*® of TP
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2.031 (left) and IP core 2.032 (right) was obtained in order to assess their binding
modes in Brd9 (Figure 46).
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Figure 46: X-Ray crystallography of TP 2.031 (left) and IP 2.032 (right) in complex with the
bromodomain of Brd9. Hydrogen-bonds are shown as grey dashed lines and water molecules
as red spheres.

Analysis of the X-ray crystal structures indicates that both the TP and IP
compounds, 2.031 and 2.032, respectively adopt very similar binding modes in
Brd9. As expected, the pyridone moiety acts as the KAc mimetic, forming a
hydrogen-bond to Asn100. In the case of IP compound 2.032, the imidazole NH also
forms an interaction to the NH, group of Asnl00. In the absence of X-ray
crystallography of these compounds in complex with Brd4 BD1, it was presumed
that they would adopt a similar conformation in this bromodomain, accounting for the

relatively small selectivity window observed.

Despite the formation of an additional hydrogen-bond, IP compound 2.032 showed
decreased Brd9 potency and selectivity compared to TP 2.031. The reasoning
behind this observation remains uncertain, however, it was hypothesised that the
electronics of the different ring systems may play a part. Transformation of TP 2.031
to IP 2.032 had no effect on Brd4 activity, suggesting that the electronic effect was
Brd9 specific. As discussed previously (Section 2.2.1, page 57), a key difference
between the bromodomains of Brd9 and Brd4 is the presence of a Tyrl06 gate
keeper, present in Brd9 only. It was hypothesised that the electronics of the different
core compounds could have affected their ability to undergo a Tr-m stacking

interaction with this residue, leading to different activity.

Finally, furan analogue 2.034 displayed the most similar activity profile to TP 2.031,
displaying almost identical results. However, due the availability of large quantities

of intermediate, the TP scaffold was progressed for further optimisation.
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2.3 Modifications at the 2-position of the TP core

Having established the TP core as the optimal template for Brd9, focus was placed
on the exploration of non-amide containing 2-position substituents. The high Brd9
potency and ligand efficiency shown by methyl substituted compound 2.031 (Table
5, page 80), suggested that the 2-position could represent an appropriate vector for
further elaboration. At this point in the project, acceptable levels of Brd9 potency had
been achieved, therefore, further studies would focus on improving selectivity over
Brd4. Initial investigations would examine the effect of alternative functional groups

including alkyl, alcohol, amine and amidine.
2.3.1 Alkyl and alcohol derivatives

2.3.1.1 Identification of target compounds
As discussed previously (Section 2.2.2.6, page 67), truncation of the piperazine
sulfonamide to the simple methyl amide increased both Brd9 activity and ligand

efficiency, albeit with no selectivity over Brd4 (Figure 47).

(0]
~ O ~ (0]
S R
XS N—> NS HN—
.
SO,Me
OMe OMe
OMe OMe
2.005 2.018c
Brd9 plCs: 6.7 (0.28) Brd9 plCsp: 6.9 (0.38)
Brd4 BD1/BD2 plCsqy: 4.7 / 4.8 x80 Brd4 BD1/BD2 plCgy: 6.7 / 6.9 X0

Figure 47: plCso values for compounds 2.005 and 2.018c in the bromodomains of Brd9 and Brd4
(BD1 and BD2) as determined by TR-FRET analysis. Brd9 ligand efficiency values are shown in
parentheses. Selectivity is calculated relative to the maximum Brd4 value. Data are n23.

Considering the increased ligand efficiency of 2.018c, focus was placed on
enhancing Brd4 selectivity through the introduction of various 2-position
substituents. Initially, it was envisaged that installation of alkyl groups could have the
potential to induce a steric clash in Brd4, whilst maintaining acceptable levels of
Brd9 activity and increased ligand efficiency. To this end, 2-position substituted H
(2.043), methyl (2.031), ethyl (2.044) and isopropyl (2.045) compounds were
accessed in order to investigate the possibility of alkyl branching to deliver selectivity
over Brd4 (Figure 48).
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O O O O
~ ~ ~ ~
N | N N | A\ N | AN N | AN
NS NS NS XS
OMe OMe OMe OMe
OMe OMe OMe OMe

2.043 2.031 2.044 2.045

Figure 48: Chemical structures for the various 2-alkyl substituted compounds.
Primary alcohol 2.046, available from the GSK compound collection,*”® displayed a

Brd9 plICsq value of 6.7 with 10 fold selectivity over Brd4 (Figure 49).

(0]
\N | N OH
XS
z
o |
N” “NH,
2.046

Brd9 plCso: 6.7 (0.46)
Brd4 BD1/BD2 plCsy: 5.7 / 5.3 x10

Figure 49: pICso values for compound 2.046 in the bromodomains of Brd9 and Brd4 (BD1 and
BD2) as determined by TR-FRET analysis. Brd9 ligand efficiency is shown in parentheses.
Selectivity over Brd9 is calculated relative to the maximum value. Data are n23.

Despite a different aryl group in the 7-position, making direct SAR comparison

difficult, X-ray crystallography*° of this compound in complex with the bromodomain

of Brd9 highlighted an interesting interaction (Figure 50).

\

B\

Figure 50: X-Ray crystal structure of compound 2.046 in complex with the bromodomain of
Brd9. Grey dashed lines represent the hydrogen-bonds and water molecules are shown as red

o~

spheres.
Analysis of the X-ray crystal structure of compound 2.046 indicated that the primary

alcohol moiety participates in a water-mediated hydrogen-bond to Asn100. Moving
forward with this observation, it was hypothesised that substitution at the C(2) centre
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could lead to rotation of the C(2)-CH,OH bond, potentially placing the hydroxyl
group in close proximity to the carbonyl group of 1le53. If successful, the alcohol
moiety could form a hydrogen-bond interaction to this carbonyl group, leading to an
increase in Brd9 potency and therefore a greater selectivity window over Brd4. In
the absence of an X-ray crystal structure of compound 2.046 in Brd4, reasons

behind the observed selectivity remain unclear.

In line with the proposed 2-position alkyl substituted compounds, the synthesis and
173

evaluation of primary (2.047), secondary (2.048)"° and tertiary alcohols (2.049)
would aid investigations into the amount of branching tolerated in the bromodomains

of both Brd4 and Brd9 (Figure 51).

\N | A OH \N | N OH \N | N\ OH
NS NS XS
OMe OMe OMe
OMe OMe OMe
2.047 2.048 2.049

Figure 51: Chemical structures for the various alcohol substituted compounds.

2.3.1.2 Preparation of a truncated TP core and alkyl derivatives

Initial work focused on the synthesis of unfunctionalised TP core 2.043, which was
accessed via a 3-step route from the commercially available starting material, 2.050
(Scheme 12).

o NBS, DMF, (0] Mel, CSzco:;,
rt, 20 h THF, rt, 20 h
HN ’ TN >
—_—
I 84% NS 59%
XS
Br
2.050 2.051
. o)
PEPPSI-Pr, K,CO3, -
0 ArB(OH),, IPA/H,0 N N
2, 20, |
~N 120 °C, 0.5 h, ywave A s
B >
XS 32%
Br T OMe
_ OMe
2.052 Ar= oMo 2.043
OMe

Scheme 12: Synthesis of unfunctionalised TP core 2.043.
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Bromination of 2.050 employing NBS in DMF provided intermediate bromide 2.051
in an 84% yield. Subsequent pyridinone N-methylation with Mel and Cs,CO3 in THF
furnished compound 2.052 in 59% vyield. Finally, a Suzuki-Miyaura coupling™®® using
the PEPPSI-Pr precatalyst system'” provided access to final compound 2.043 in
32% yield.

Primary alcohol 2.047 was prepared by reduction of late stage intermediate 2.022
with NaBH, in EtOH at room temperature (Scheme 13).

¢}
~ O ~ OH
N Y NaBH,, EtOH, N N
N8 H rt, 18 h NS
—>
5%
OMe OMe

OMe OMe

2.022 2.047

Scheme 13: Synthesis of primary alcohol 2.047 from aldehyde 2.022.

A disappointingly low yield was seen under these conditions, due to the poor
solubility of aldehyde 2.022. However, sufficient quantities of material were isolated,

and as such, this transformation was not investigated further.

Given the poor solubility of aldehyde 2.022 as discussed above, subsequent
chemistry utilised early stage intermediate 2.009. Ethyl substituted compound 2.044
was accessed via Grignard chemistry followed by reduction of the resulting alcohol
(Scheme 14).

0 1.0 M MeMgBr in Bu,O, o] TFA, Et;SiH,
~ o THF, -78 °Ctort, 18 h < OH 40°C,38h
N\ | AN - N\ | A\ - =
S H S 18% over two steps
Br Br
2.009 2.053
) (0]
PEPPSI-Pr, K,CO3, -
0 N
ArB(OH),, IPA/H,0, | N
~ 120 °C, 0.5 h, pwave NS S
TN »
X S 29%
SN
Br OMe
Ar = OMe
2.054 OMe 2.044

OMe

Scheme 14: Synthesis of ethyl substituted TP compound 2.044.
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Addition of MeMgBr to aldehyde 2.009 provided secondary alcohol 2.053, which
was subsequently reduced, employing triethylsilane in TFA'® to give intermediate
2.054. Finally, a Suzuki-Miyaura®®® coupling employing PEPPSI-'Pr'’® afforded ethyl
substituted compound 2.044 in a 29% yield.

Having established a successful route to ethyl substituted compound 2.044,
isopropyl variant 2.045 was prepared using a similar approach (Scheme 15).

o) 0
Etl, NaHCO
~ 0 ’ 3 ~ [e)
N A\ DMF, rt, 20 h, then N N\ 3 M MeMgBr in Et,0,
I |
x5  oH 50 °C, 18 h x~5 Lo THF,0°C-rt,35h
: _\ o
88% 94%
OMe OMe

OMe OMe

2.021 2.020
(0] (0]
~ OH ~
N T TFA, Et;SiH, N T
NS 40°C,5h N ~¢
—_—
29%
OMe OMe
OMe OMe
2.049 2.045

Scheme 15: Synthesis of isopropyl substituted TP core 2.045.

Although successful (88% vyield), esterification of acid 2.021 using Etl and NaHCO;
in DMF proved sluggish, requiring additional Etl and NaHCO; after 20 h at room
temperature, followed by heating at 50 °C. Following this, addition of excess
MeMgBr to ester 2.020 in THF at O °C furnished tertiary alcohol 2.049 in a 94%
yield. Finally, reduction of the tertiary alcohol moiety using the previously described
triethylsilane in TFA conditions'’® furnished isopropyl compound 2.045 in a 29%
yield.

Overall, this chemistry provided straight forward access to a range of alkyl and
alcohol substituted compounds to explore the steric requirements associated with

the 2-position.
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2.3.1.3 SAR discussion of alkyl and alcohol modifications
Both the alkyl and alcohol substituted compounds were taken forward for test in an
in vitro TR-FRET assay from which plICsy values were calculated (Figure 31, step

1a). Fold selectivity for Brd9 is shown relative to the maximum Brd4 pICs, (Table 6).

(@]
N
N | A\ R
XS
OMe
OMe
Brd4 Brd4
Entry Cﬁrtmglé?d R= Elrgg BchéQ BD1 BD2 Selectivity
%0 pICso  PpICso
1 2.043 H 71 046 6.1 5.6 x10
2 2.031 Me 73 045 6.3 5.9 x10
3 2.044 Et 71 042 6.2 5.6 x8
4 2.045 'Pr 63 036 58 4.9 x3
5 2.047 g_/OH 67 040 58 53 x8
6 2.048'" g OH 63 036 54 4.9 x8
7 2.049 g OH 54 030 523 4.5 x1

Table 6: plCso values for 2-position alkyl and alcohol derivatives in the bromodomains of Brd9
and Brd4 (BD1 and BD2) as determined by TR-FRET analysis. Selectivity is calculated relative
to the maximum Brd4 value. Data are n23.

Analysis of the resulting data indicated that increasing the 2-position chain length
from H to ethyl had little effect on Brd9 activity and selectivity over Brd4 (entries 1—
3). However, increasing alkyl branching from ethyl to isopropyl caused both Brd9
and Brd4 potencies to decrease, suggesting that sterically demanding substituents
are not well tolerated in either of these bromodomains (entries 3 and 4). Although
the selectivity profiles of compounds 2.031 and 2.044 were not optimal for a
chemical probe, they showed high Brd9 activity and ligand efficiency, making them
attractive for further modification (entries 2 and 3). An identical SAR pattern was
observed for the primary, secondary and tertiary alcohols tested, with both Brd9 and
Brd4 potency decreasing with increasing steric demand of the 2-position substituent
(entries 5-7).
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Comparison of alkyl compounds 2.031, 2.044 and 2.045 with their alcohol
analogues 2.047-2.049 indicated that unfunctionalised alkyl groups were preferred
(compare entries 2 and 5, 3 and 6, 4 and 7). The alkyl compounds displayed greater
Brd9 potency, ligand efficiency and selectivity over Brd4 compared to the analogous
alcohols, suggesting that the hydrogen-bond made by primary alcohol 2.047 (Figure

50, page 83) was nhot necessary for potency.

Given the poor activity and selectivity profile of the 2-position alcohol compounds,
no further optimisation was conducted. However, due to the high ligand efficiency of

methyl compound 2.031, extensive SAR exploration was undertaken by colleagues.
2.3.2 Amine derivatives

2.3.2.1 Identification of target compounds

In line with plans to investigate alternative functional groups at the 2-position to
optimise selectivity against Brd4, a series of amines were designed for direct
comparison with their amide analogues. In particular, these investigations focused
on secondary amines, as SAR data for numerous tertiary amines was already
available as part of the studies conducted by the BET BD1 programme. To this end,

amines 2.055a—d were accessed (Figure 52).

O
~N
NI =< < < so, X
S HN— N HN HN SO,
S NR'RZ NR'R2= / _\—OH
2.055a 2.055b 2.055¢ 2.055d
OMe
OMe

Figure 52: Chemical structures for amines 2.055a—d.

2.3.2.2 Preparation of various amines

Initially, a reductive amination reaction was attempted with aldehyde 2.022, as this
method was more applicable for the introduction of late stage diversity. However,
these reactions were unsuccessful providing only starting material as judged by
LCMS analysis. As discussed previously (Section 2.3.1.2, page 84), the insolubility

of aldehyde 2.022 under the reaction conditions proved problematic (Scheme 16).
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NHR'R2, AcOH, MeOH,
picoline borane,
50 °C NR'] R2

2.022 2.055a-d
Scheme 16: Attempted synthesis of amines 2.055a—d from aldehyde 2.022.

Therefore, it was expected that synthesis of amines 2.055a—d could be achieved via
a reductive amination of aldehyde 2.009, followed by a Suzuki-Miyaura'®® reaction to
install the 7-position aryl motif (Scheme 17).

0
N
N | AN
~ N 2
N B S NR'R
_————>
XS  NR'R?
B
' OMe
OMe
2.009 2.056a-d 2.055a-d

Scheme 17: Synthesis of amines 2.055a~d.
Treatment of 2.009 with methylamine hydrochloride, followed by the addition of
NaBH(OAc);*"’ resulted in little amine formation, with reduction of the aldehyde to

the corresponding alcohol observed as the major product by LCMS (Table 7, entry
1).
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NHR'R?, AcOH, MeOH, o

NHR'RZ= X =\

\
picoline borane, HN— N
O 50 °C \N | N\ / _\—OH
" so~8  NHR'R? 2.056a 2.056b
Br e e
H\NO O H\N4<Dso2
2.056¢ 2.056d
NHR'R? Reagents and Conditions gLl g_rgg/)ls LS
. 17% product 2.056a
AcOH, rt, 30 min then ; '
- Py 32% reduction by
H,N NaHB(OAC)s, 1t, 48 h LCMS
AcOH, 50 °C, 4 h then 48% product 2.056a
HoN~ picoline borane, 50 °C, 20 h isolated
HNS-OH AcOH, rt, 20 min then 22% product 2.056b
| picoline borane, 50 °C, 18 h isolated

L se:
H,N
H,oN

iminium

AcOH, 50 °C, 3 h then
picoline borane, 50 °C, 4 h

AcOH, 50 °C, 4 h then
picoline borane, 50 °C, 20 h

ion formation and preferential

95% product 2.056¢
isolated

56% product 2.056d
isolated

Table 7: Reagents and conditions for amide coupling of aldehyde 2.009.

reduction of this

intermediate, an alternative reducing agent was investigated. Treatment of aldehyde
2.009 with methylamine hydrochloride in AcOH and MeOH at 50 °C, followed by the

addition of picoline borane®”® provided amine 2.056a in a 48% isolated yield (entry

2). Pleasingly, these conditions also proved successful for the synthesis of amines

2.056b—d, indicating that picoline borane reacted preferentially with the iminium ion
rather than aldehyde 2.009 (entries 3-5).

Subsequent Suzuki-Miyaura coupling™®® using the PEPPSI-Pr precatalyst system'”

provided final compounds 2.055a—d in moderate to good yields (Scheme 18).

NR'R2

(6]
et Eams, ] N VY
r 2, L0, —
120 °C, 0.5 h, pwave XS NR'R? /" o
—_— 2.055a 2.055b
44-88%
< o
e OMe \ SO, \
OMe HN—<:| W< so,
Ar =
2.055¢c 2.055d
OMe
OMe

Scheme 18: Synthesis of amines 2.055a-d.
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In summary, amines 2.055a—d were synthesised by reductive amination of early
stage aldehyde 2.009 followed by a Suzuki-Miyaura coupling. These amines were

taken forward for test to directly compare their activity with their amide analogues.

2.3.2.3 SAR discussion of amines vs amide analogues

Amine derivates 2.055a—d were submitted for test in TR-FRET assays against Brd9
and Brd4 from which plCs, values were calculated (Figure 31, step 1a). The activity
profiles of the various amines and their amide analogues were compared in the
bromodomains of Brd9 and Brd4. Fold selectivity for Brd9 is calculated relative to
the maximum Brd4 plICs, (Table 8).

O
~N
N | A R
XS
OMe
OMe
Brd4 Brd4
Entry Clc\)IrSr?]%lér;d R= E’Ircdg BLrgg BD1 BD2 Selectivity
%0 pICso pICso
1 2.055a $— 6.2  0.35 5.9 4.7 x2.5
HN—
O
2 2.018¢c s 69  0.38 6.7 6.9 x1
HN—
$— o
3 2.055b e 6.2 0.31 5.9 4.7 x3
/
(0]
4 2030q X /M 54 o026 50 45 x3
/
5 2.055¢ §—H\N _GOZ 67 031 67 5.0 x1

(0]

6 20300 X e 78 034 73 7.0 x3

7 2.055d §—H\N o, 69 030 6.1 48 x6
(@]

8 2.030a X 79 034 7.3 7.0 x4
HNCSOz

Table 8: pICso values for selected amides and amines in the bromodomains of Brd9 and Brd4
(BD1 and BD2) as determined by TR-FRET analysis. Selectivity is calculated relative to the
maximum Brd4 value. Data are n23.
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In general, Brd9 ligand efficiency values were uniformly high, with the exception of
tertiary amide 2.030g. All secondary amines tested were less active in Brd9 than
their amide analogues. However, tertiary amine 2.055b displayed a 6 fold increase
in both Brd9 and Brd4 BD1 potencies relative to amide 2.030g (compare entries 3
and 4). In contrast, secondary amines 2.055a, ¢ and d showed approximately 10
fold reduction in Brd9 potency compared to the corresponding amides (entries 1 and
2 and 5-8). This suggested that the amine substituent occupied a different region of
space compared to the analogous amide, and therefore could not form a bidentate

155 of amide 2.030a (left) and amine

interaction to Asn100. X-Ray crystallography
2.055d (right) in complex with Brd9 supports this hypothesis. The different
conformations of the sulfone moiety observed for amide 2.030a and amine 2.055d
was attributed to the change in hybridisation of the linker C atom from sp? to sp?,

respectively (Figure 53).

] \ / /
| Asnioo & Arg101

/ é : 1
3 B X o
A2<X 'j F N /v
Figure 53: X-Ray crystallography of amide 2.030a (left, PDB code = 4UIU) and amine 2.055d

(right) in complex with the bromodomain of Brd9. Hydrogen-bonds are shown as grey dashed
lines and water molecules as red spheres.

The secondary amines provided little selectivity over Brd4, with no significant
difference compared to their amide analogues. This suggested that the amines
adopted similar conformations in both bromodomains, accounting for the reduction
in both Brd9 and Brd4 potency upon conversion of amide to the analogous amine.

It is of note that the amines displayed good levels of selectivity over Brd4 BD2,
whilst the amides were almost equipotent. The basis for this selectivity can be

155

rationalised through the use of X-ray crystallography—> of compound 2.055d in

complex with Brd4 BD1 (left) and modelled in BD2 (right) (Figure 54).
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Figure 54: X-Ray crystallography of amine 2.055d in complex with Brd4 BD1 (left) and modelled
in Brd4 BD2 (right).

These X-ray crystal structures indicate that the 6-membered sulfone substituent of
2.055d sits unhindered in Brd4 BD1, displaying good shape complementarity with
the binding pocket. In contrast, the cyclic sulfone appears to clash with His437,
present in Brd4 BD2 only, presumably leading to a less favourable binding mode.

Although the amines tested were found to be more selective for Brd9, their activity
was reduced compared to the amide analogues. Considering this result, no further

investigations were conducted with this series.
2.3.3 Design and synthesis of amidine derivatives

2.3.3.1 Identification of target compounds
In line with efforts to investigate alternative functional groups at the 2-position, focus
was directed towards optimisation of secondary amide 2.030a, the most potent

compound synthesised to date (Figure 55).

(0]
SN | N O
NS |-|N—<Dso2
OMe
OMe
2.030a

Brd4 BD1/BD2 plCsqy: 7.3/ 7.0 x4

Figure 55: pICso values for compound 2.030a in the bromodomains of Brd9 and Brd4 (BD1 and

BD2) as determined by TR-FRET analysis. Brd9 ligand efficiency is shown in parentheses.
Selectivity is calculated relative to the maximum Brd4 value. Data are n23.

93



GSK CONFIDENTIAL INFORMATION — DO NOT COPY

Analysis of the X-ray crystal structure™

of amide 2.030a in complex with Brd9
indicated that the amide carbonyl group sat within 4 A of the carbonyl of lle53,
located in the peptide backbone (Figure 44, page 74). Although the vectors
appeared challenging, it was hypothesised that replacement of the amide carbonyl
group with a HBD moiety could increase activity. This could be achieved either
through a direct hydrogen-bond to the backbone carbonyl of 1le53 or via a through-
water interaction. Furthermore, it was believed that the alternative linker should be
capable of maintaining the bidentate interaction to Asn100 as observed for amide

2.030a.

Further analysis of the X-ray crystal structure of 2.030a in complex with Brd9 (green)
overlaid with apo Brd4 BD1 (blue) revealed a key residue change in close proximity
to the amide moiety of the ligand (Figure 56).

Figure 56: X-Ray crystal structure of amide 2.030a in complex with Brd9 (green, PDB
code = 4UIU) overlaid with apo Brd4 BD1 (blue, PDB code = 4UIZ).

It was proposed that selectivity for Brd9 could be gained through exploitation of a
key residue change moving from Brd9 to Brd4 BD1. The region of the binding
pocket in which the amidine moiety was proposed to sit, is more hydrophobic in
Brd4 BD1 (Leu94) compared to Brd9 (Ala54). Taking these factors into
consideration, it was proposed that the amide moiety should be replaced by the
corresponding amidine. Given the basic nature of the amidine group, it was
hypothesised that when protonated and therefore charged, it would sit less
favourably in the more hydrophobic environment of Brd4 BD1.

In order to explore this hypothesis further, amidines 2.057 and 2.058 were selected
for direct comparison to their amide analogues 2.030a and 2.018c, respectively
(Figure 57).
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(0]
~ NH ~ NH
N | AN N | N\
NS HN—<:>SO2 N8 HN—
OMe OMe
OMe OMe
83 84

Figure 57: Amidines 2.057 and 2.058 selected for synthesis.

2.3.3.2 Synthesis of amidine compounds

It was envisaged that the amidine functionality could be accessed via a Pinner
reaction'’”® from the corresponding nitrile precursor. Initially, the aim was to preinstall
the dimethoxyphenyl motif so that a series of Pinner reactions to afford the various
amidines could be explored. To start with, focus was placed on accessing nitrile
intermediate 2.059 from acid 2.021 (Scheme 19).

o)
~N O HOBt:NH,, EDC, DIPEA, ~ o  POCI3, CHCI3, reflux N
| DMF, rt, 20 h, 40 °C, 6 h, | N or | N _cn
NS  OH 50 °C, 18h N~ NH, POCl reflux NA~g
» —
90%
OMe OMe OMe

OMe OMe OMe

2.021 2.018d 2.059

Scheme 19: Attempted synthesis of nitrile intermediate 2.059.

Acid 2.021 was treated with HOBt-NH, under standard peptide coupling conditions,
employing EDC and DIPEA in DMF.'®? This afforded primary carboxamide 2.018d in
a 90% vyield. However, attempts to dehydrate 2.018d to give nitrile 2.059 proved
unsuccessful despite treatment with 3 equivalents of POCI; in CHCI; at reflux and
neat POCI.*® It was believed that solubility issues under these conditions
prevented reaction. Given this result, an alternative route was investigated (Scheme
20).

95



GSK CONFIDENTIAL INFORMATION — DO NOT COPY

Mel, CsCOs, o Zn(CN),, Pd(Ph3),, DMF,
THF 19 h, rt 115 °C, 4.5 h, ywave
~N
\ Br quant \ | N—ar 68% >
XS
2.012 2.060
PEPPSI-Pr, K,COs3,
o NBS, THF, ArB(OH),, IPA/H,0,
72 h, rt 120 °C, 0.5 h, pwave
N A >
g < CN 86% 23%
2.061 2062
Ar =
(0] OMe
OMe
~N
N
M D—cn
NS

OMe
OMe

2.059 2.063

Scheme 20: Synthesis of nitrile intermediate 2.059.

Considering the unreactive nature of amide 2.018d under the reported conditions,
attempts were made to access compound 2.059 via a Negishi cyanation'® reaction
utilising early stage intermediate 2.060. Alkylation of known compound 2.012%°
using Mel and Cs,CO; proved straight forward, providing 2.060 in quantitative
yields. Following this, installation of the nitrile moiety was achieved using Zn(CN),
and Pd(PPhs), under microwave irradiation.'®* Pleasingly, these conditions afforded
intermediate 2.061 in a 68% yield. Subsequent electrophilic bromination with NBS in
THF gave compound 2.062, to which the dimethoxyphenyl motif was installed via a
Suzuki-Miyaura coupling.’® Employing the PEPPSI-Pr precatalyst conditions
previously described, nitrile 2.059 was obtained in a 23% yield. Although key
intermediate 2.059 was synthesised successfully, it was not the major product of the
reaction. 'H NMR spectroscopy and LCMS analysis indicated that the
dimethoxyphenyl motif had also been introduced at the 2-position to deliver
compound 2.063. As this reaction was not productive for the synthesis of nitrile
intermediate 2.059, no further studies were conducted. It was proposed that
formation of by-product 2.063 could have proceeded via a decarboxylation
mechanism. However, literature in this area reports the requirement for copper or

silver additives to facilitate this reaction.'82183184
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Nonetheless, the poor yield for the final step of this sequence (Suzuki-Miyaura
coupling, 23%) made it less attractive for SAR exploration, as it would be difficult to
synthesise high quantities of this final intermediate. However, 60 mg of nitrile 2.059
was prepared to attempt installation of the amidine functionality. Initially, HCI was
bubbled through MeOH, followed by the addition of nitrile 2.059 and the appropriate

amine®” (Scheme 21).

(0] O
MeOH, HCI
~N ’ (9) ~ NH
N | N_cn amine-HCI, rt, N | N\
N8 or XS HN—<:/\SOZ
R AICl3, DCE, R
wn amine-HCI “wwan
115 °C, pwave,
for R = Br only _
R= R=
OMe 2.059 OMe 2.057
OMe OMe
R = Br 2.062 R = Br 2.064

Scheme 21: Attempted synthesis of amidines 2.057 and 2.064.

No product was observed under these conditions as judged by LCMS analysis. It
was hypothesised that the limited solubility of 2.059 in MeOH could be affecting
reactivity; therefore, early stage nitrile compound 2.062 was reacted under identical
conditions. Despite the improved solubility of 2.062 no desired product was
observed by LCMS analysis. With this in mind, nitrile 2.062 was heated in the

18 in an attempt to form amidine 2.064. However, only starting

presence of AlCIs,
material was observed by LCMS, therefore an alternative synthetic strategy was

employed (Scheme 22).

NaOMe, MeCOH,
reflux,
~\ \ then NH,RHCI N O R= ;@soz 2.064, 87%
| CN —————» |
¢ NS HN-R
Br Br $—Me 2.065, quant.

2.062
Scheme 22: Synthesis of amidines 2.064 and 2.065 from nitrile 2.062.

Pleasingly, treatment of nitrile 2.062 with NaOMe solution in MeOH, followed by the
186

addition of the appropriate amine hydrochloride™” gave amidines 2.064 and 2.065 in
excellent yields. With these intermediates in hand, the dimethoxyphenyl motif was
installed via a Suzuki-Miyaura coupling*® with the PEPPSI-'Pr precatalyst'’

(Scheme 23).
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. 0
PEPPSI-Pr, K,CO;,
0 NN NH
ArB(OH),, IPA/H,0, | A\ R= 3 SO,  2.057, 42%
\N NH 120 °C, 0.5 h, pywave NS s HN-R
X | p >
S HN-R g—Me 2.058, 7%
B
' OMe
OMe

Scheme 23: Synthesis of amidines 2.057 and 2.058 from compounds 2.064 and 2.065,
respectively.

This chemistry provided easy access to the desired amidines via a Pinner reaction
utilising NaOMe solution in MeOH. Following this, compounds 2.057 and 2.058 were
progressed for testing to investigate the effect of the amidine linker on Brd9 activity

and selectivity over Brd4.

2.3.3.3 SAR discussion of amidines and their amide analogues

Amidines 2.057 and 2.058 were submitted for test in a TR-FRET assay from which
plCso values were calculated (Figure 31, step 1a). The activity profiles of these
amidines and their amide analogues were compared in the bromodomains of Brd9
and Brd4. As before, fold selectivity for Brd9 is calculated relative to the maximum
Brd4 value (Table 9).

0
N
N | N\ R
XS
OMe
OMe
Brd4 Brd4
Entry CEIT&%Z?d R = Blrg9 BLrgQ BD1 BD2 Selectivity
iz pICso  pICso
1 2.018¢c E_(o 69 038 67 69 x1
HN—

O
2 2.030a 34_@ 79 034 73 70 x4
HN S0,

NH
3 2.058 7.1 0.40 5.9 59 x16
o
NH
4 2.057 < 8.1 0.35 6.4 54 x50

Table 9: plCs values for compounds 2.018¢c, 2.030a, 2.057 and 2.058 in the bromodomains of
Brd9 and Brd4 (BD1 and BD2) as determined by TR-FRET analysis. Selectivity is calculated
relative to the maximum Brd4 value. Data are n23.
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Critically, both amidines 2.057 and 2.058 retained the Brd9 activity of their amide
analogues with improved levels of selectivity over Brd4. For example, transformation
of methyl amide 2.018c into its amidine analogue 2.058 caused selectivity to
increase to 16 fold (compare entries 1 and 3). Furthermore, amidine 2.057 was 50
fold selective over Brd4, a significant improvement on the 4 fold selectivity seen for
amide 2.030a (entries 2 and 4). In agreement with the amide data, amidine 2.058
was 10 fold more active in Brd9 then the methyl amidine analogue, 2.018c (compare
entries 3 and 4). This suggested that like amide 2.030a, the sulfone moiety of 2.057
was forming a hydrogen-bond in Brd9, providing an increase in potency (Figure 44,

page 74).

With the exception of tertiary amide 2.005, the amidines represented the first 2-
position substituents to deliver significant selectivity over Brd4, providing confidence
in the idea that this functional group sits less favourably in a more hydrophobic
environment (Ala54 in Brd9 vs. Leu94 in Brd4 BD1). Considering the excellent Brd9
potency and selectivity provided by amidine 2.057, this compound was taken

forward for further optimisation.
2.3.4 Square array

2.3.4.1 Design of array

At this point in the project, additional assays became available in order to assess
selectivity over a broader range of bromodomains (Figure 31, step 2). As such, a
series of compounds from the TP series were screened in Brd7 and BRPF1 TR-
FRET assays from which valuable SAR was generated. An understanding of
selectivity over these bromodomains was of particular importance as they belong to
the same family as Brd9, indicating high sequence similarity (Figure 8, page 7). The
compound set tested included molecules synthesised by colleagues as part of
attempts to improve the selectivity of secondary amide 2.030a. It was discovered
that exchange of the 7-position dimethoxyphenyl group for saturated ring systems*®’

significantly improved selectivity over Brd4 (Figure 58).
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o o) 0
~ 0] ~ O ~ (0]
N | A\ N | A\ ’\ijj\>_(
NS HN—<:/\802 N HN—CSOZ X~ 8 HN@SOZ
OMe 8
OMe

2.030a 2.066 2.067
Brd9 plCsq: 7.9 (0.36) Brd9 plCsp: 7.0 (0.34) Brd9 plCsq: 6.8 (0.32)
Brd4 BD1/BD2 plCs(: 7.3/7.0x4  Brd4 BD1/BD2 plCsy: 5.4 / 5.5 x32 Brd4 BD1/BD2 pICs: 4.5/ 4.9 x80
Brd7 plCsq: 6.7 x25 Brd7 plCsp: 6.5 x5 Brd7 plCsy: 6.4 x4
BRPF1 plCgy: 6.3 x40 BRPF1 plCs: 6.7 x2 BRPF1 plICs: 6.2 x4

Figure 58: plCso values for compounds 2.030a, 2.066 and 2.067'%® in the bromodomains of Brd9,
Brd4 (BD1 and BD2), Brd7 and BRPF1 as determined by TR-FRET analysis. Brd9 ligand
efficiency values are shown in parentheses. Brd9 selectivity is calculated based on pK; values
(see Section 2.1.2.1, page 45) and selectivity over Brd4 relative to the maximum value. Data are
n23.

It was proposed that the 3-dimensional structure provided by the saturated 7-
position substituents caused a steric clash in the narrower ZA channel of Brd4,
leading to a less favourable binding mode (Figure 32, page 58). For example,
exchange of the dimethoxyphenyl group in compound 2.030a for a cyclohexyl ring
as in 2.066 caused selectivity over Brd4 to increase from 4 to 32 fold. Furthermore,
the introduction of a bridged ring system, provided additional selectivity, with
compound 2.067 delivering 80 fold selectivity over Brd4. However, the introduction
of saturated ring systems caused both Brd9 and Brd4 activities to decrease, whilst
Brd7 and BRPF1 activities remained approximately constant. Examination of the
additional Brd7 and BRPF1 data indicated that exchange of aryl rings for saturated
systems had a detrimental effect on selectivity over these bromodomains. As Brd9
activity decreased and Brd7 and BRPF1 potencies remained constant, the
selectivity windows for compounds 2.066 and 2.067 were reduced. For example,
dimethoxyphenyl substituted compound 2.030a showed 25 and 40 fold selectivity
over Brd7 and BRPF1, respectively, whilst cyclohexyl compound 2.066 displayed
little selectivity over these bromodomains (<5 fold). These data indicated that a 7-
position aryl ring was required for Brd9 potency as well as selectivity over Brd7 and

BRPF1. However, saturated ring systems provided improved selectivity over Brd4.

The observed selectivity with 2.030a over the highly homologous Brd7 was
particularly surprising given its proximity to Brd9 on the phylogenetic tree (Figure 8,
page 7). These bromodomains share 85% sequence similarity across the residues

present within the KAc binding pocket (Table 10).
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BRD4 BD1

\ WPF motif
WPF motif
\ WPF motif
| ZA channel
\ ZA channel
\ ZA channel
| ZA channel

| ZA loop

\ ZA loop

INS164 INS643 ZA loop

INS164 INS643 ZA loop

| ZA loop

ZA loop

Water-hinding Tyr

Conserved Ala
Conserved Tyr
Conserved Asn

ILE216 ILE695

PHE696 Gatekeeper

|
ALA220 ALAB99

|

Table 10: Sequence similarity of Brd4 BD1, Brd9, Brd7 and BFPF1 across the KAc binding
pocket. Residues which are identical to those in Brd9 are shown in green; residues which are
similar to those in Brd9 are shown in orange; residues which are different to those in Brd9 are
shown in red. Grey boxes indicate an amino acid insertion.

Although there is an NMR derived structure reported for Brd7, there is no crystal
structure published to date.’® Therefore, reasons behind the observed selectivity
over this bromodomain remain unclear. Potentially, selectivity arose from the
differences in the constituent amino acids of the WPF shelf (residues 1-3, Brd4
nomenclature) and ZA channels (residues 4-7) of these bromodomains. In Brd9,
Gly43 is replaced by Alal54 in the WPF region of Brd7 and Ala46 by Serl57 in the
ZA channel. These key changes could have provided a difference in the architecture
of these binding regions, potentially altering the conformation of other residues in
the ZA channel.

155

Pleasingly, X-ray crystallography™ of BRPF1 was available, aiding investigations

into the selectivity shown by amide 2.030a (Figure 59).
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Figure 59: X-Ray crystallography of amide 2.030a in complex with the bromodomain of Brd9
(PDB code = 4UIU, left) and modelled in BRPF1 (orange, right).

X-Ray crystallography of amide 2.030a in complex with Brd9 (left, green) compared
to that of 2.030a modelled in BRPF1 (right, orange) provides good evidence for the
observed selectivity. The TP core of 2.030a sits in close proximity to the gate keeper
residues present in each bromodomain. In Brd9, this is Tyr106, which is replaced by
Phe696 in BRPF1. The above structures indicate that the Phe696 gatekeeper of
BRPF1 sits much closer to the ligand than the equivalent residue in Brd9,
presumably leading to a steric clash and less favourable binding mode.

Given this exciting result, a square array was designed to explore the potential to
deliver selectivity over Brd4 and the additional nhon-BET bromodomains. This array
would provide multiple data points, quantifying the affect of a particular group on the
SAR. As 7-position aryl rings delivered high Brd9 potency and selectivity over Brd7
and BRPF1, the array aimed to incorporate various aromatic rings into this region.
The design of the array was aided by a Free-Wilson analysis of the data from all the
compounds tested in Brd9 to date.

Free-Wilson analysis™® is a useful method for investigating the SAR of a particular
chemotype with multiple regions of structural diversity. This mathematical model
splits a template into its constituent parts quantifying their contribution, based on
their activities (Figure 60).
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core

X0
a

O

re” N\ OMe /
Figure 60: Compound 2.030a split into its constituent parts according to the Free-Wilson model.

The total response observed (plCs, value) is equivalent to the sum of the constituent

parts (Equation 6).

Response = effect of core + effect of R' substituent + effect of R? substituent

Equation 6: Free-Wilson analysis of activity, based on the constituent parts of a molecule.

The effect of each substituent is quantified based on the following assumptions:

The core makes a constant contribution
All contributions are additive

There are no interactions between the core and substituents

P w0 NP

There are no interactions between the substituents

This calculation was performed on a 553 compound set to provide a set of scores
for individual substituents, with the 2-postion of the TP core representing R* and the
7-position R% With the idea that maximum knowledge could be gained from varying
both the 2 and 7-positions of the core, a 6 (2-position) x 4 (7-position) array was

designed.

2.3.4.1.1 2-Position substituents (R

As the majority of work on this template had focused on the 2-position, there was a
greater variety of substituents from which to select 6 different groups for the square
array (Figure 61).

H (0]

o) o) N
e E_SN— s_§N—<Dso2 E_|.:<N—<Dso2 §_>N—/_ o E_/<N~§

A B C D E F

Figure 61: 2-Position substituents selected for square array.

In addition to the scores provided by the Free-Wilson analysis, substituents were

selected in order to provide variety in terms of both size and functional group. For
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example, groups A—-C were included to represent small, medium and large
substituents, respectively. When in combination with a 7-position dimethoxyphenyl
moiety, groups A—C showed high Brd9 potency with improved ligand efficiency A
and B (Brd9 pICs, values of 7.4, 6.9 and 7.9, respectively). Amide C was also
ranked highly by the Free-Wilson model for selectivity over Brd4, on the basis of 5
data points. Amidine D was selected due to its high Brd9 potency and selectivity
over Brd4 as discussed in the previous section (Section 2.3.3, page 93). Amine E
was included for the purposes of variety and tertiary amide F was ranked highest by
the Free-Wilson model for selectivity over Brd4, albeit on the basis of a single data

point.

2.3.4.1.2 7-Position substituents (R?
Four aryl rings were selected for installation at the 7-position of the TP template
(Figure 62).

Y v SN v

<)\NMez N~ Cl CF,

o\) Cl CN
G H I J
Figure 62: 7-Position substituents selected for square array.
The Free-Wilson Model indicated that substituent G was the most selective aryl ring,
closely followed by J. Substituent H was identified as the ring which displayed the
best combination of potency and selectivity as judged by the model. Aryl rings | and
J were ranked highly in terms of selectivity but were also included for variety.
Substituents G and H both contain electron-donating substituents, whereas | and J
contain electron-withdrawing groups, providing insights into electronic requirements

for selectivity.

These substituents, along with those in the 2-position have been included in Table

11, giving the 24 possible combinations of these groups.
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O
~N
N I \ R1
XS
R2
Rl

o) _(O NH §_<N4§
§—Me E—;:(N_ $ AY —CSOz §—§N Csoz §—>N /oA Q_N

@\ 2.068a | 2.069a 2.070a 2.071a 2.072a 2.073a
NMe,

©\N/ 2.068b | 2.069b 2.070b 2.071b 2.072b 2.073b

2.068c | 2.069c 2.070c 2.071c 2.072c 2.073c

Cl

2.068d | 2.069d 2.070d 2.071d 2.072d 2.073d

CF3
CN

Table 11: The 24 possible combinations from 2- and 7-position substituents included in the
square array.

2.3.4.2 Synthesis of square array
It was envisioned that the 24 compounds could be synthesised in parallel via a
Suzuki-Miyaura coupling’® with the 2-substituted TP bromide and the appropriate

commercially available boronic acid/ester (Scheme 24).

PEPPSI-Pr, K,CO3,

o] B(OR%), IPA/H,0,
\N 120 °C, 0.5 h, pwave
I >R, =+ =
NS IS R3
Br R?

R*=Hfor G, land J
R?* = C(CH3),C(CHj3), for H

Scheme 24: General scheme for the synthesis of square array compounds via a Suzuki-Miyaura
coupling.
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Compounds 2.074 and 2.075 were available from the GSK compound collection and
the synthesis of 2.017c (Scheme 4, page 64), 2.064 (Scheme 22, page 97), 2.056b
(Scheme 17, page 89) was conducted using previously reported chemistry (Figure
63).

)
(0] (0] (0]
N | N NN | N\ (0] NN | A (0]
XS X-S  NHMe XS HN—CSOZ
Br Br Br

2.074 2.017¢ 2.075
R (0]
\N A NH N
| N N\
Br Br /
2.064 2.056b

Figure 63: Compounds 2.074 and 2.075 available from the GSK compound collection.
Compounds 2.017c, 2.056b and 2.064, synthesised using previously reported chemistry.

Tertiary amide 2.078 was accessed via an amide coupling using the commercially

available Boc protected 3-methyl piperazine (Scheme 25).

O HATU, DIPEA,
\N 0 DMF, rt, 20 h
I + HN >
N S OH N uant.
NG q
Br
2.008
Q (0]
~ (@] 4 M HCl in 1,4-dioxane,
NN ft, 18 h SN B o
NS N > S
quant. N
Br Br &
N NH-HCI
Boc
2.076 2.077
(0]
MeSO,Cl, NEt;, DCM, NN O
0°Ctort,3h Y
> NS N4§
0,
57% Br Q_
N\
SO,Me
2.078

Scheme 25: Synthesis of amide 2.078 from acid 2.008.

An amide coupling of acid 2.008 using HATU and DIPEA in DMF provided

intermediate 2.076 in quantitative yield. Following this, 4 M HCI in 1,4-dioxane was
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employed for removal of the Boc protecting group, affording 2.077 in a quantitative
yield. Subsequent mesylation with methane sulfonyl chloride furnished desired
amide 2.078 in a 57% vyield.

With the substituted cores 2.017c, 2.056b, 2.064, 2.074 and 2.075 in hand, a series
of Suzuki-Miyaura couplings'®® were conducted in parallel to install the 7-position
aryl motif (Scheme 26).

, 0
PEPPSI-Pr, K,COs3, -
o} B(OR%), IPA/H,0, N | g
NN 120 °C, 0.5 h, pwave NS S
M D—rt + >
XS R3 3-58%
Br R2 Re
R*=Hfor G, land J R2

R* = -C(CHg3),(CHs),C- for H

Scheme 26: General scheme for the synthesis of square array compounds via a Suzuki-Miyaura
coupling.

Each reaction was performed on 0.15mmol scale using the PEPPSI-Pr

precatalyst'’

system as previously described. Of the 24 reactions carried out, 7
proved unsuccessful, due to difficulties in obtaining suitably pure compound for test.
Five of these compounds were synthesised independently to provide a complete
data set. Attempts to re-synthesise compounds 2.073a and ¢ were unsuccessful
due to further difficulties during purification. Therefore, these compounds are not

included in the results chart (Table 12).
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2.3.4.3 SAR discussion of square array compounds

The square array compounds were submitted for test in a TR-FRET assay to
determine their affinities for Brd9, Brd4 (BD1 and BD2), Brd7 and BRPF1 (Figure
31, steps 1a and 3, Table 12).

O
~
N | \ R1
XS
R2

*Synthesised independently; ** Synthesised in amidine array (page 112)
Table 12: plCso values for square array compounds in the bromodomains of Brd9, Brd4 (BD1
and BD2), Brd7 and BRPF1 as determined by TR-FRET analysis. Data are n22. Green boxes
show compounds with 2 50 fold selectivity for Brd9 over Brd4; orange 32 fold <50; and red with
no selectivity.

Pleasingly, analysis of the resulting data indicated that acceptable levels of
selectivity over Brd4 could be achieved with 7-position aryl groups. In general, the
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electron-deficient aromatic rings provided a greater degree of selectivity over Brd4,
Brd7 and BRPF1. For example, methyl substituted compounds 2.068a and d
displayed the same Brd9 activity. However, upon exchange of the electron-rich
dimethylamino ring (2.068a) for the electron poor cyano trifluoromethyl substituted
compound (2.068d), Brd4 selectivity increased from 6 fold to 400 fold; Brd7 from 16
fold to 25 fold; and BRPF1 from 32 fold to 800 fold. Methyl amide substituted
compounds showed a similar trend, with improved selectivity observed with an
electron-deficient aryl ring, albeit with a reduction in Brd9 activity. The cyclic sulfone
compounds showed high Brd9 potencies but with little selectivity over the other
bromodomains. Amidine substituted compounds also showed high Brd9 potencies,
with improved levels of selectivity compared to their amide analogues. For example,
amidine 2.071d displayed excellent levels of selectivity, with 200 fold over Brd4, 32
fold over Brd7 and 200 fold over BRPFL1. In contrast, its amide analogue 2.070d was
only 80 fold selective over Brd4, 50 fold over Brd7, and 60 fold over BRPF1. Both
tertiary amine and amide substituted compounds showed modest Brd9 activity, with

little selectivity over Brd4 compared to their amidine analogues.

Of the 22 compounds tested, two were highlighted as they displayed greater than
100 fold selectivity over Brd4 and BRPF1, with surprising selectivity over the highly
homologous Brd7 (Figure 64).

~ ~ NH
N | A\ N | A\
NS NS HN@SOz
CN CN
2.068d 2.071d
Brd9 plCs: 6.9 (0.39) Brd9 plCsq: 7.4 (0.30)
Brd4 BD1/BD2 plCsq: <4.3 / <4.3 x400 Brd4 BD1/BD2 plCsqg: 5.1/ 4.7 x200
Brd7 plCsq: 5.7 x25 Brd7 pICgp: 6.1 x32
BRPF1 plICs: <4.0 x800 BRPF1 plCsp: 5.1 x200
ChromlLogD: 5.0 ChromlLogD: 3.2

Figure 64: plCsg values for compounds 2.068d and 2.071d in the bromodomains of Brd9, Brd4
(BD1 and BD2), Brd7 and BRPF1 as determined by TR-FRET analysis. Brd9 ligand efficiency
values are shown in parentheses. Brd9 selectivity is calculated based on pK; values and
selectivity over Brd4 relative to the maximum value. Data are n22.

Although methyl compound 2.068d showed improved selectivity compared to
amidine analogue 2.071d, this compound was dismissed due to its lower Brd9
activity and high ChromLogD value (5.0). The increased lipophilicity of this molecule
indicated that its physico-chemical properties would sit outside the recommended

guidelines for drug-like molecules.™® Furthermore, 2.068d has a lower number of
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sp® C centres (3 in 2.068d vs. 7 in 2.071d), which can lead to increased promiscuity
due to fewer specific interactions with the preferred binding partner.*®* With this in

mind, amidine 2.071d was taken forward for further optimisation.
2.3.5 Optimisation of amidine 2.071d

2.3.5.1 Identification of target compounds

With amidine 2.071d representing the new lead compound from this series, further
investigations were conducted to determine the requirement for a 6-membered
sulfone as the amidine substituent. It was believed that the synthesis and evaluation
of the 5-membered sulfone analogues 2.079a and b would provide insights into the
potency and selectivity shown by 2.071d (Figure 65).

~ NH ~ NH
N N
| > O l > SO
N S HN|||..<:| 2 X S HN_<:l 2
CF4 CF;
CN CN
2.079a 2.079a

Figure 65: Chemical structures for 5-membered sulfone enantiomers 2.079a and 2.079b.

2.3.5.2 Synthesis of enantiomers 2.079a and b
The synthesis of enantiomers 2.079a and b proved straight forward using previously

reported chemistry (Section 2.3.3.2, page 97; Scheme 27).

o NaOMe, o
NH,R-HCI, ./ S0,
\N MeOH, reflux \N NH E' <:' 2.080a, 65%
I D—cn > Y R =
YOS YOS HN-R 5_002 2.080b, 71%
Br Br . y o
2.062
, o)
PEPPSI-Pr, K,CO3, NH
ArB(OH),, IPA/H,0, N | A\ S0,
120 °C, 0.5 h, pwave o~ HN-R §<:| 2.079a, 14%
» e
S0,
H 2.079b, 8%
CF,
CN

Scheme 27: Synthesis of enantiomers 2.079a and b from nitrile 2.062.
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Treatment of nitrile 2.062 with NaOMe solution in MeOH followed by the addition of
the appropriate amine hydrochloride furnished intermediates 2.080a and b in
acceptable yields (65-71%). Following this, a Suzuki-Miyaura coupling™®® was

175

employed to install the aryl motif using the PEPPSI-Pr precatalyst'’”® system

previously discussed.

2.3.5.3 SAR discussion of amidines 2.071d, 2.079a and b
Amidine compounds 2.079a and b were submitted for test in a TR-FRET assay
against Brd9, Brd4 (BD1 and BD2), Brd7 and BRPF1. Six-membered sulfone

compound 2.071d was included for direct comparison (Table 13).

O
\N |\ NH
NS  HN-R
CF3
CN
Engy  COmpound R = Brd9 Brd4BD1 Brd4BD2 Brd7 BRPF1
y Number pICSO p|C50 pICSO p|C50 plCSO
5.1 4.7 6.1 5.1
SO.
1 2.071d é@ 2 7.4 (x200) 500)  (<32)  (x200)
SO
108 <:, 2 5.4 5.1 5.9 <4.0
2 207 3 74 (x100)  (x200)  (x50)  (x2500)
SO,
199 E—O 5.4 4.7 5.9 4.4
3 2079 74 (x100)  (x500)  (x50)  (x1000)

Table 13: plCsp values for amidines 2.071d, 2.079a and b in the bromodomains of Brd9, Brd4
(BD1 and BD2), Brd7 and BRPF1 as determined by TR-FRET analysis. Brd9 selectivity (shown in
parentheses) is calculated based on pK; values and selectivity over Brd4 relative to the
maximum Brd4 value. Data are n22.

Pleasingly, all amidines showed significant selectivity over Brd4 and BRPF1, with
some selectivity over the highly homologous bromodomain of Brd7. This was
rationalised through consideration of the respective bromodomain binding sites
(Figure 66).
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Figure 66: X-Ray crystal structures of apo Brd9 (green), Brd4 BD1 (blue) and BRPF1 (orange).

,

As previously discussed (Section 2.3.3.1, page 94), the region of the binding pocket
where the amidine moiety is expected to sit is different in Brd9 (green), Brd4 BD1
(blue) and BRPF1 (orange). In Brd9, the residue in closest proximity to the amidine
group is Ala54 in contrast to the more hydrophobic Leu94 and Val644 in Brd4 BD1
and BRPF1, respectively. Given the basic nature of the amidine functionality
(compound 2.071d, measured pKa = 8.4), it was proposed that when protonated
and therefore charged, it would sit less favourably in the more hydrophobic
environment provided by Brd4 BD1 and BRPFL1.

Further analysis of the resulting data indicated that the 6-membered sulfone 2.071d
provided an optimum selectivity profile compared to its 5-membered analogues.
Compound 2.071d was 200 fold selective over Brd4, whereas enantiomers 2.079a
and b showed only 100 fold. Interestingly, enantiomers 2.079a and b displayed
approximately identical activities, indicating that the stereochemistry of the chiral
centre was not important for binding. Both 2.079a and b showed improved
selectivity over BRPF1 compared to 6-membered analogue 2.071d. For example, 5-
membered sulfone 2.079a displayed 2500 fold selectivity, whereas 2.071d showed
only 200 fold. In the absence of X-ray crystallography of either of these compounds
in the bromodomain of BRPF1, the reasons behind the observed selectivity

remained unclear.

Although 2.079a and b satisfied the requirements for a Brd9 chemical probe,
improved selectivity over Brd4 took priority, given the profound biology associated
with the BET proteins. Therefore, compound 2.071d was taken forward for further

optimisation.
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2.3.6 Amidine Array

2.3.6.1 Identification of target compounds

As the lead compound for the TP series, satisfying the Brd9 probe criteria defined at
the start of the project, amidine 2.071d was taken forward for further development
(Figure 67).

N N 2.071d
< Brd9 pICsy: 7.4 (0.30)
s HNCSOz Brd4 BD1/BD2 plCsy: 5.1/ 4.7 X200
Brd7 plCsp: 6.1 x32
BRPF1 plCap: 5.1 X200

CN

Figure 67: plCso values for compound 2.071d in the bromodomains of Brd9, Brd4 (BD1 and
BD2), Brd7 and BRPF1 as determined by TR-FRET analysis. Brd9 ligand efficiency is shown in
parentheses. Brd9 selectivity is calculated based on pK; values and selectivity over Brd4
relative to the maximum Brd4 value. Data are n23.

Although 2.071d satisfied the chemical probe criteria, with respect to bromodomain
activity and selectivity (Section 2.1.4, page 54), it was believed that further
selectivity could be gained through modifications at the 7-position. As very little
focus had been placed in this region of the molecule, a 24 compound amidine array
was designed to explore this position more thoroughly. Previous studies conducted
in the 7-position were limited, focusing primarily on the analysis of 6-membered
rings with a narrow range of substitution patterns. Therefore, this array would
include: rings of various sizes; rings which contained substituents of both electron-
withdrawing and -donating character; heteroaromatic rings; and rings with a range of

substitution patterns.

2.3.6.2 Synthesis of amidine array compounds

Given the success of the previous 24 compound square array, identical chemistry
was used to access the range of 7-position functionalised compounds shown in
Figure 67. A Suzuki-Miyaura reaction'® was used to couple bromide 2.064 to a
series of commercially available boronic acids (Scheme 28).

PEPPSI-Pr, K,COs3,

o) RB(OH),, IPA/H,0, o]
~ NH 120 °C, 0.5 h, pywave ~ NH
D - DD
XS |-|N4<:/\so2 7-48% NS HN—CSOZ
Br R
2.064 2.081a-w

Scheme 28: Synthesis of amidine array compounds from bromide 2.064.

113



GSK CONFIDENTIAL INFORMATION — DO NOT COPY

Each reaction was performed on a 0.15 mmol scale in parallel, providing 11 out of
the 24 compounds shown in Figure 68. The remainder of the reactions were
unsuccessful due to purification issues or the reaction was so low yielding that there
was not enough material isolated to meet the requirements for test (9 uM). The
reactions which were unsuccessful were repeated independently providing the
appropriate quantity of material for in vitro evaluation.

o
\N | A NH
NS HN—<:/\SO2
R

Successful in array:

a b c d e f
~ N N -
MeO OMe N” >oMe 2 2 N=N_
OMe CN
g h i k

Synthesised independently:

CF3

J
NN A @
Y 7" o cr

N
3

OMe NMe, NMe, OMe

| m n o P q

NMe
Cl F OMe CFs 2
(¢]] F CN Cl O
2.071c r s t u
Unsucessful:

<
g

Figure 68: Synthesis of amidine array compounds.
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The reactions performed to access compounds 2.071c (originally designed for the
square array) and 2.081t were unsuccessful when repeated. LCMS analysis of the
crude reaction mixtures indicated protodehalogenation resulting from oxidative
insertion of Pd in the C-ClI bond of the aryl ring. With this in mind, an alternative, less

active catalyst was employed for the Suzuki-Miyaura coupling (Scheme 29).1%

Pd(PPh3),, K,COg3,

(0] ArB(OH),, IPA/H,0, e}
\N NH 120 °C, 0.5 h, pwave \N NH
[ >
NS HN—CSOZ HN—CSOz
Br
2.064 R =Cl2.071c 14%

cl R =CN 2.081t 36%
Scheme 29: Synthesis of compounds 2.071c and 2.081t.

Pleasingly, treatment of bromide 2.064 with the appropriate boronic acid and
Pd(PPhs), under standard conditions provided compounds 2.071c and 2.081t, albeit
in poor yields (14% and 36%, respectively).

The reactions to access 5-membered heterocycles 2.081v and w were repeated but
abandoned. LCMS analysis of the crude reaction mixture indicated very little product
had formed, making isolation of the desired product challenging, even by
preparative reverse phase HPLC. It was hypothesised that the electron-rich nature
of the 5-membered heterocyles could have affected their reactivity under the Suzuki-
Miyaura conditions described. However, as 22 analogues were successfully
prepared, it was believed that sufficient data around the 7-position would be
generated in the absence compounds 2.081v and w. Therefore, no further work was

conducted on this series.
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2.3.6.3 SAR discussion of amidine array compounds

The amidine array compounds were submitted for test in a TR-FRET assay against
Brd9, Brd4 (BD1 and BD2), Brd7 and BRPF1 (Figure 31, steps 1a and 3). Of the 22
compounds tested, 6 satisfied the Brd9 probe criteria defined at the outset of the
project (Table 14, see Appendix 5.5 for full data).

0
\N | N\ NH
XS HN—Csoz
R
Entry COMPound R= Elicke BBrgi1 BBrgg B BRPFL
Number pICso pICso pICso pICso  PpICso
5.8 4.9 6.6 5.7
1 2.081c ©\CF3 7.9 (x125) (x1000) (x32) (x160)
OMe
6.1 5.2 6.8 5.8
2 2.081d @\ 81  (x100) (x800) (x32) (x200)
OMe
6.0 5.3 7.1 5.9
3 2.081g /@\ 8.3 (x200) (x1000) (x25) (x250)
MeO OMe
OMe
6.1 51 6.8 6.1
4 2.0810 /©\ 8.1 (x100) (x1000) (x32) (x100)
OMe
5.6 4.8 6.6 5.6
5 2.081q @\ 7.8 (x160) (x1000) (x25) (x160)
5.5 4.7 6.4 5.4
6 2.081t ©\CF3 7.7 (x160) (x1000) (x32) (x200)

Cl

Table 14: pICso values for selected amidine array compounds in the bromodomains of Brd9,
Brd4 (BD1 and BD2), Brd7 and BRPF1 as determined by TR-FRET analysis. Brd9 selectivity
(shown in parentheses) is calculated based on pK; values and selectivity over Brd4 relative to
the maximum Brd4 value. Data are n22.

Pleasingly, all of the above compounds showed sub 20 nM activity against Brd9,

155 Of

with greater than 100 fold selectivity over Brd4. X-Ray crystallography
compound 2.081q in complex with Brd9 (green, left) and Brd4 BD1 (orange, right)
was obtained to investigate the interactions responsible for the observed potency

(Figure 69).
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Figure 69: X-Ray crystallography of compound 2.081q in complex with Brd9 (left, green, PDB
code = 4UIV) and Brd4 BD1 (right, blue, PDB code = 4UlY). Two ligands are shown in the Brd4
BD1 structure as the CF; group can be modelled in two orientations, indicating that it will
probably sit in both. Hydrogen-bonds are shown as grey dashed lines and water molecules as
red spheres.

Analysis of the X-ray crystal structures indicated that compound 2.081q adopts a
similar conformation in both Brd9 and Brd4 BD1. As hypothesised, the amidine
moiety forms a bidentate interaction to the conserved Asn (Asn100, Brd9; Asn140,
Brd4 BD1), placing the sulfone group within hydrogen-bonding range (~3A) of a
backbone NH. In Brd9, this residue corresponds to Arg101 and Lys141 in Brd4 BD1.
However, there is an additional interaction present in Brd9, accounting for the
greater potency compared to that seen for Brd4. The amidine moiety acts as a
hydrogen-bond donor, forming a direct interaction with the backbone carbonyl of
lle53. Furthermore, the amidine sits in close proximity to a key residue change
moving from Brd9 (lle53) to Brd4 BD1 (Leu94). Given the basic nature of the
amidine moiety (measured pK, = 8.4), it was proposed to sit less favourably in the
more hydrophobic environment provided by Brd4 BD1, accounting for the observed

selectivity over this bromodomain.

Although highly homologous to Brd9, some selectivity was gained over Brd7.
Furthermore, excellent selectivity over BRPF1 was observed, with compounds
ranging from 250 fold (compound 2.081g, Table 14, entry 3) to 100 fold (compound
2.0810, Table 14, entry 4).

As all compounds discussed met the initial requirements for a Brd9 chemical probe
(Section 2.1.4, page 54), further profiling was conducted to assess their selectivity
over the bromodomain of CECR2 (step 3, Figure 31), as this assay only became

available at this stage of the project (Table 15).
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Compound _ Brd9 CECR2 o
ENtry Number = DICyp  plCs,  Selectivity
1 2.071d 74 6.6 <10
CFs
CN
CF,
OMe
3 2.081d 8.1 7.1 x16
OMe
4 2.081g 83 75 <10
MeO OMe
OMe
5 20810 /@\ 8.1 7.4 <8
OMe
6 2.081q @\ 7.8 6.4 x40
CF3
[ 2.081t 7.7 6.6 x20
CF3

Cl

Table 15: plCso values for selected amidines in the bromodomains of Brd9 and CECR2 as
determined by TR-FRET analysis. Selectivity for Brd9 is calculated based on pK; values. Data
are n22.

Of the 7 compounds listed, only 2.081qg showed significant selectivity over the
bromodomain of CECR2. The data indicated that meta-substitution was favoured
with all other di- and tri-substituted compounds providing little to no selectivity. For
example, removal of the para-methoxy substituent in compound 2.081c to give
2.081g caused selectivity to increase from 4 to 40 fold, respectively (compare
entries 2 and 6). In the absence of X-ray crystallography of any of these compounds
in CECR2 it was difficult to account for this result. However, analysis of the peptide
sequence of the respective bromodomain binding sites highlighted key residue

changes (Figure 70).
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Figure 70: X-Ray crystallography of apo Brd9 (left, green) and CECR2 (right, purple).

The X-ray crystal structures indicated that exchange of 1le53 in Brd9 (left, green) for
Tyrd55 in CECR2 (right, purple) delivers a contrast in the architecture of the binding
grooves. In addition, the constituent amino acids, which form the lipophilic shelves
are different in these bromodomains. In Brd9, Gly43 is replaced by Trp445 and
Phe44 for Pro446, potentially causing the shape of the ZA channel to change (Table
16, identical residues are highlighted in green and different in red). Presumably, it is
these structural differences, which account for selectivity observed for compound
2.081q.

Although compound 2.081q showed selectivity over the bromodomain of CECR2, all
other compounds tested displayed relatively high levels of CECR2 activity (plCso
values ranging from 6.6—7.5). These data indicate that the bromodomains of CECR2
and Brd9 must show some similarities. Both Brd9 and CECR2 contain a Tyr gate
keeper residue (Table 16), a key feature which determines the shape of the KAc
binding site. Recent studies® concerning bromodomain binding to a broad range of
modified lysines has shown that both Brd9 and CECR2 recognise butyrlated lysine.
These results support the conclusions made and further highlight the similarities of
these two bromodomains.
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WPF motif
WPF motif
WPF motif
ZA channel
ZA channel
ZA channel
ZA channel
ZA loop
ZA loop
ZA loop
ZA loop
Water-binding Tyr

Conserved Ala
Conserved Tyr
Conserved Asn

Gatekeeper

Table 16: Sequence similarity across the bromodomain binding sites of Brd9 and CECR2.
Identical residues are highlighted in green; similar residues in orange and different in red.

As meta-substituted compound 2.081q displayed the greatest selectivity profile
observed to date, along with acceptable physico-chemical properties, this compound

was progressed for further investigations (Figure 71).

i 2.081q
SN N Brd9 pICsy: 7.8 (0.33)
< Brd4 BD1 / BD2 plCap: 5.6 / 4.8 X160
S HN SO, Brd7 plCsy: 6.6 x25
BRPF1 pICsy: 5.6 x160
CECR2 plCsy: 6.4 x40

MW: 484
CF3 PFI: 6.3

Figure 71: pICso values for compound 2.081q in the bromodomains of Brd9, Brd4 (BD1 and
BD2), Brd7, BRPF1 and CECR2 as determined by TR-FRET analysis. Brd9 ligand efficiency is
shown in parentheses. Brd9 selectivity is calculated based on pK; values and selectivity over
Brd4 relative to the maximum Brd4 value. Data are n22.
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2.3.7 Optimisation of 2.081q

2.3.7.1 Identification of target compounds

As the new lead compound for the TP series, compound 2.081q was progressed for
further optimisation. It has previously been reported that KAc mimetics containing
alkyl groups larger than a methyl can be accommodated in the bromodomain
binding pocket.*** With the aim to improve selectivity further, alternative KAc
mimetic alkyl groups were investigated. To this end, N-ethyl and N-isopropyl
compounds 2.082 and 2.083, respectively were accessed (Figure 72).

I I
NS HN—<:/\so2 XS HN—<:>SO2
CFs CFs
2.082 2.083

Figure 72: Alternative KAc mimetic compounds 2.082 and 2.083.

2.3.7.2 Synthesis of alternative KAc mimetics 2.082 and 2.083
Alternative KAc mimetic compounds 2.082 and 2.083 were prepared by a similar
route to that described previously (Scheme 30).

for 2.084a: Etl, Cs,COs3,

THF, 60 °C, 18 h Zn(CN),, Pd(PPhy),,

for 2.084b: 'Prl, K,CO,, DMF, microwave, 115 °C
o 1,4-dioxane, 150 °C, o for 2.085a: 3.5 h
pwave, 5 h for 2.085b: 5 h
HN
| N—ar > R'\iﬁj\>78r >
NS IS A S
2.012 R = Et, 2.084a, quant.
R =Pr, 2.084b, 77%
NBS, THF, rt NaOMe, amine-HCI, MeOH, 75 °C
o for 2.086a: 48 h for 2.087a: 23 h
for 2.086b: 3 h for 2.087b:18.5 h
RN >
I D—cn
XS
R = Et, 2.085a, 67% R= Et, 2.086a, quant.
R =Pr, 2.085b, 77% R =Pr, 2.086b, 85%
0
3-CF3CgH4B(OH),, K,CO3, NH
NH PEPPSI-Pr, IPA/H,0, RN | AN
120 °C, Juwave, 0.5h » NS S HNCSOQ
HN—<:/\so2
CF5
R = Et, 2.087a, quant. R = Et, 2.082, 29%
R =Pr, 2.087b, 93% R ='Pr, 2.083, 31%

Scheme 30: Synthesis of N-ethyl and N-isopropyl compounds 2.082 and 2.083.
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Selective N-alkylation of known compound 2.012**°

was successful for both N-ethyl
and N-isopropyl variants, providing compounds 12.084a (quant.) and b (77%) in
excellent yields. Following this, the nitrile moiety was installed via a Negishi
cyanation®* reaction, affording 2.085a and b. Subsequent electrophilic bromination
using NBS in THF followed by conversion of the nitrile to the amidine provided
2.087a (67%) and b (77%) in excellent yields. Finally, the 3-triflourormethylphenyl
ring was installed by a Suzuki-Miyaura reaction'®® employing the PEPSSI-Pr

precatalyst system.'’®

Using this robust chemistry previously developed (Section 2.3.3.2, page 97),
alternative KAc mimetic compounds 2.082 and 2.083 were rapidly accessed. These
compounds were progressed for investigations to determine the steric boundaries of
the KAc alkyl group.

2.3.7.3 SAR discussion of alternative KAc mimetics 2.082 and 2.083
Compounds 2.082 and 2.083 were tested in a TR-FRET assay to determine their
activity against the bromodomains of Brd9, Brd4 (BD1 and BD2), Brd7 and BRPF1
(Figure 31, steps 1a and 3, Table 17).

0

AN NH

NS HN—<:>SO2
CF,

Enyy COMPOUNd o Brdd  Brd4BDl Brd4BD2  Brd7  BRPFL
Number pICsg pICsq pICso pICso pICsg

1 208lg  Me 78 (XEI660) (xfb%O) (Sé65) (xi'gm

2 2.082 Et 7.3 (XEI(:)SO) (x‘é'gm (fé%) (x‘;'go)
3 2083  Pr 5.5 (f(‘;'g) (i‘i'g) (‘}('86) (f(‘;'g)

Table 17: pICso values for selected amidines in the bromodomains of Brd9, Brd4 (BD1 and BD2),
Brd7 and BRPF1 as determined by TR-FRET analysis. Brd9 selectivity (shown in parentheses)
is calculated based on pK;j values and selectivity over Brd4 relative to the maximum Brd4 value.
Data are n22.

Pleasingly, increasing the KAc chain length from N-methyl to N-ethyl maintained
greater than 100 fold selectivity over Brd4 (entries 1 and 2). Furthermore, selectivity
over the highly homologous Brd7 increased from 25 to 32 fold. These effects were
most pronounced for BRPF1 where the selectivity window increased from 160 fold
for 2.081qg to 500 fold for 2.082. However, the introduction of the more sterically
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demanding N-isopropyl substituent, as in compound 2.083, significantly reduced
activities in all of the bromodomains tested, indicating that branching was not well

tolerated (entry 3).

As compounds 2.081q and 2.082 both satisfied the initial requirements for a Brd9
chemical probe (Section 2.1.4, page 54), they were progressed for further profiling

(Figure 31, step 4) to assess their utility as cellular tool molecules (Figure 73).

o)
NN N\ NH 2.081q
< Brd9 plCsy: 7.8 (0.33)
S HN—CSOz Brd4 BD1/BD2 plCs: 5.6 / 4.8 x160
Brd7 plCs,: 6.6 x25
BRPF1 pICsq: 5.6 X160
MW: 484
CF

PFI: 6.3

o
NH 2.082
N T\ Brd9 pICsy: 7.3 (0.31)
NS HN—CSOz Brd4 BD1/BD2 plCsg: 5.3/ 4.4 x100
Brd7 plCsq: 6.0 x32

BRPF1 pICsy: 4.6 X500

MW: 498

CF, PFI: 6.7

Figure 73: pICso values for compounds 2.081q and 2.082 in the bromodomains of Brd9, Brd4
(BD1 and BD2), Brd7 and BRPF1. Brd9 ligand efficiency values are shown in parentheses. Brd9
selectivity is calculated based on pK; values and selectivity over Brd4 relative to the maximum
Brd4 value. Data are n22.

2.3.8 Further profiling of 2.081q and 2.082

2.3.8.1 Proof of cellular target engagement

In order to validate compounds 2.081qg and 2.082 as cellular chemical probes, it was
necessary to determine cellular target engagement (Figure 31, step 3a). Although
there is no cellular phenotype described for Brd9, it has been reported that inhibition
of the BET family of bromodomains correlates with inhibition of pro-inflammatory
cytokine, IL-6. This has been shown for multiple chemotypes across a range of pan-
BET bromodomain ligands. As compounds 2.081q and 2.082 showed low levels of
Brd4 BD1 activity, with pICsy values of 5.6 and 5.3, respectively, it was possible to
determine cellular target engagement at Brd4. Therefore, compounds 2.081g and
2.082 were tested in an LPS challenge assay.

In this experiment, human peripheral mononuclear blood cells (PBMCs) were
treated with LPS in order to induce an immune response and expression of IL-6.

Upon treatment with compounds 2.081q and 2.082, dose-dependent inhibition of IL-
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6 was observed with pICs, values of 5.8 and 5.3, respectively, correlating well with
inhibition of Brd4 BD1 (plCse: 5.6 and 5.3 respectively). As such, it was concluded
that compounds 2.081q and 2.082 were capable of entering into the cell and
interacting with the bromodomains of Brd4. This result provided confidence in
cellular target engagement at Brd9 and further validated compounds 2.081q and

2.082 as potential cellular chemical probes.

2.3.8.2 Selectivity profiling against broader pharmacological targets

Although compounds 2.081q and 2.082 showed acceptable levels of bromodomain
selectivity, as determined by internal TR-FRET assays, it was necessary to
determine selectivity over a broader range of pharmacological targets (Figure 31,
step 3b). This was achieved by means of eXP, a series of in vitro assays used to
measure the effect of the test compound on a range of ion channels, enzymes,

receptors and transporters.

Compounds 2.081q and 2.082 were submitted for testing against a panel of 49
pharmacologically diverse targets. Pleasingly, both compounds showed excellent
profiles, with only minor activity seen at the hERG ion channel and AchE enzyme
(Table 18).

eXP target pXCsg 2.081q 2.082
hERG 5.1 4.8
AchE 5.1 5.3

Table 18: Off-target liabilities identified for compounds 2.081q and 2.082 in eXP.

Given that the Brd9 pICs, values of these compounds were 7.8 and 7.3 for 2.081q
and 2.082, respectively, at least 100 fold selectivity over hERG and AchE was
observed. The hERG activity is only a problematic for a drug molecule in which it
would enter humans. As chemical probes are not dosed to humans, this activity is

less of a concern.

Importantly, compounds 2.081q and 2.082 show much improved eXP profiles
compared to the original start point for the project, compound 2.005 (Table 2, page
52). No significant off-target liabilities were indentified, building confidence in the

selectivity profiles of these compounds.
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2.3.8.3 Broader bromodomain profiling

As the most selective compounds synthesised, 2.081q and 2.082 were progressed
for further profiling (Figure 31, Step 4). These investigations aimed to assess their
selectivity over a panel of 34 phylogenetically diverse bromodomains (Figure 31,
step 5). This was achieved by means of BROMOscan,'?! an assay which quantifies
the strength of bromodomain-ligand binding by measuring the amount of protein
captured on a solid-support. In this case, the bromodomain is attached to a DNA tag
for the purposes of identification. In the absence of a test compound, the
bromodomain binds to a ligand, which is immobilised on a solid support (Figure
74A).

no test compound competition no competition

with test compound

Figure 74: BROMOscan assay principle.”®
Test compounds which bind to the bromodomain prevent it from interacting with the
immobilised ligand. Therefore, the amount of protein captured on the solid-support is
reduced (B). In contrast, test compounds which do not bind to the bromodomain
have no effect on the amount of protein captured (C). Active test compounds are
identified by measuring the amount of protein captured versus a control sample by
gPCR, which detects the DNA label of the bromodomain. The dissociation constant
(Kg) for bromodomain-ligand binding is then calculated by measuring the amount of
bromodomain captured on the solid-support as a function of test compound
concentration. In this manner, Ky values for bromodomain-ligand binding were
calculated for compounds 2.081q and 2.082 across a range of 34 proteins. The
results for these experiments are shown as tree spot diagrams (Figure 75, Table
19). The size of the spot is directly proportional to strength of binding i.e. the larger
the spot, the higher the affinity for that particular bromodomain. Only bromodomains
for which binding was measured to be within 1000 fold of that for Brd9 are shown

(For full data, see Appendix 5.6).
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@ 100nM

@ 1000pM

Figure 75: BROMOscan data for compounds 2.081q (top) and 2.082 (bottom).
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Brd9 pKy  Brd4 BD1pKs Brd7pKy  CECR2 pKq
2.081q 9.2 6.5 (x500) 6.9 (x200) 7.5 (x50)
2.082 8.7 5.8 (x800) 6.4 (x200) 6.8 (x80)

Table 19: pKgy values determined by BROMOscan for compounds 2.071qg and 2.082 against the
bromodomains of Brd9, Brd4 (BD1), Brd7 and CECR2. Selectivity is shown in parentheses.

Pleasingly, both compounds 2.081g and 2.082 showed nanomolar affinity for Brd9
with pKy values of 9.2 (0.63 nM) and 8.7 (2 nM), respectively. Ethyl substituted
compound 2.082 displayed greater selectivity overall with 800 fold over the BET
family, 200 fold over the highly homologous Brd7 and 70 fold over every other
bromodomain tested. Methyl compound 2.081q was slightly less selective, showing
500 fold over the BET family and 180 fold over Brd7, but only 50 fold selective over
the other bromodomains tested. The data suggested that the N-ethyl KAc mimetic
was less well tolerated in all other bromodomains tested except Brd9, providing the

greatest selectivity profile observed to date.

It is of note that the next highest affinity binding after Brd9, is against CECR2,
further highlighting the similarities between these two bromodomains, brought about

by their gatekeeper residues.

155

X-Ray crystallography—> of compounds 2.081qg (left) and 2.082 (right) in complex
with the Brd9 provided insights into the observed potencies against this
bromodomain (Figure 76).
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Figure 76: X-Ray crystallography of compounds 2.081q (Ieft PDB code =4UIV) and 2.082 (right,

PDB code = 4UIW) in complex with Brd9. Hydrogen bonds are shown as grey dashed lines and
water molecules as red spheres.
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Both compounds adopt identical binding modes, indicating that the larger N-ethyl
KAc mimetic has little effect on the overall conformation of the molecule. As
previously seen for compound 2.081q (Figure 69, page 117), N-ethyl variant 2.082
forms identical interactions to Asn100, 1le53 and Arg101.
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Based on the high Brd9 affinity and excellent bromodomain selectivity, N-ethyl

compound 2.082, was progressed for further analysis.

2.3.8.4 Physico-chemical properties of 2.082
Compound 2.082 shows good physico-chemical properties, sitting within the
recommended guidelines for the design of drug-like molecules (Table 20).

2.082
Molecular Weight 497
ChromLogDy 4, PFI 3.7,6.7
Brd9 ligand efficiency 0.36 (pKq = 8.7, BROMOscan)
CLND solubility 179 pg/mL (pH = 7.4)

Table 20: Physico-chemical properties of 2.082

Compound 2.082 has a molecular weight less than 500 and acceptable lipophilicity
with a ChromLogD- 4 value of 3.7. Furthermore, Brd9 ligand efficiency was 0.36
based on the data provided by the BROMOscan assay. Finally, CLND solubility,
determined at pH 7.4 was 179 pg/mL.

2.3.8.5 Further evidence of cellular target engagement at Brd9

In order to determine cellular target engagement at Brd9 specifically (Figure 31,
step 5a), compound 2.082 was tested in a NanoBRET assay,™? which measured
displacement of NanoLuc-tagged Brd9 bromodomain from Halo-tagged histone H3.3
(Figure 77). Pleasingly, 2.082 displaced Brd9 from the histone with a plCs, value of
6.8, correlating well with the TR-FRET data generated (pICso: 7.3).

4.0-
o 3.5'
s
v i
o 3.04
m
E 2.5+ ©
pICsy: 6.8
2.0 T T T T 1
0.001 0.01 0.1 1 10 100
2.082 [uM]

Figure 77: Brd9 bromodomain cellular NanoBRET dose-response curve of compound 2.082.
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2.3.8.6 Binding to endogenous Brd9

Up until this point in the project, all determinations of Brd9 binding affinity had been
conducted with protein truncate. Since bromodomains exist as part of BCPs, it was
believed that a more biologically relevant experiment would be to determine whether
2.082 was capable of binding to full length, endogenous Brd9 (Figure 31, step 5b).
In order to investigate this further, a chemoproteomic competition binding assay was
conducted by colleagues at Cellzome. In this case, linkable compound 2.007 was

attached to a solid-support and treated with HUT-78cell lysate (Figure 78).

SOzMe

2.007

Figure 78: Chemical structure for linkable compound 2.007, which was attached to a solid
support for use in a chemoproteomic binding assay.

Following this, 2.082 was spiked into the mixture at a variety of concentrations. The
bromodomains to which 2.007 were bound were identified by mass spectrometry
following ‘pull back’ of the solid-support. Pleasingly, 2.082 showed dose dependent
binding to Brd9 with a plCs value of 7.1 (Figure 79). As 2.082 interacted with Brd9,
this protein was not ‘pulled back’ by linkable compound 2.007. Importantly, 2.082
displayed >625 fold selectivity for Brd9 over BET family member Brd3. These data
confirm excellent potency at Brd9 in a cellular context and selectivity over the BET

family was maintained with endogenous proteins.

Western Blot analysis
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Figure 79: Dose-response binding of 2.082 with endogenous Brd9 and Brd3 from HuT-78 cell
lysates, measured in a chemoproteomic competition binding assay.
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These data are in contrast to that obtained for compound 2.005, the original start
point for this project. Selectivity for Brd9 over the BET family was not observed
endogenously for 2.005, meaning it was not suitable for use as a chemical probe.
Therefore, the excellent selectivity shown by 2.082 both biochemically and

endogenously, builds confidence in the quality of this molecule.

2.3.8.7 Brd9 chemical probe declaration

Compound 2.082 satisfied the probe criteria defined at the outset of this project
(Section 2.1.4, page 54), and was therefore selected as the Brd9 chemical probe,
known as |-BRD9 henceforth (Figure 31, step 6). With greater than 70 fold
selectivity over a panel of 34 bromodomains tested, I-BRD9 represents the first
selective chemical probe for Brd9 and one of only three chemical probes known to
d113,114

be selective for a single bromodomain. Brd9 chemical probes reporte

following the publication of I-BRD9 are also active against Brd7.

2.3.8.8 PK profiling of I-BRD9

In order to assess the utility of -BRD9 as an in vivo tool compound, it was
progressed for rodent PK studies (Figure 31, step 7). These experiments aimed to
investigate the systemic exposure of I-BRD9 in mouse. The mouse was selected for
the basis of these investigations given its prevalence in immuno-inflammation
animal studies. Furthermore, considering that I-BRD9 was to be released into the
broader scientific community, it was believed that the data generated from these
studies would be in keeping with the mouse models currently favoured by

academics for in vivo experimentation.

Initially in vitro clearance was determined in mouse liver microsomes, providing an
indication of how quickly the compound would be eliminated by phase | metabolism.
In this case, the clearance was 0.56 mL/min/g, scaling to 23% of liver blood flow

(LBF). With this encouraging result, I-BRD9 was taken forward for in vivo studies.”®*

Following intravenous (V) infusion of I-BRD9 (1.3 mg/Kg) over 1 hour, Cy.x, the
maximum concentration of compound observed in the blood was 194 ng/mL or
0.4 uM (Figure 80, Table 21). This concentration was significantly above the ICsq of
I-BRD9 (50 uM as determined by TR-FRET assay), but decreased rapidly due to

high clearance.
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Blood concentration time profile of I-BRD9 following 1.3 mg/Kg 1 hour IV infusion to the male

CD1 mouse
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Figure 80: Blood concentration time profile for I-BRD9 following 1.3 mg/kg 1 h IV infusion.

IV PK Parameters Mean (n = 4)
Cmax (ng/mL) 194
Crnax (LM) 0.4
CLy, (mL/min/Kg) 112
%LBF 93
Vss (L/KQ) 9.8
ti2 () 2.8
AUC/D. (min.Kg/L) 10

Table 21: IV PK parameters for I-BRD9.

In contrast to the clearance of 23% LBF predicted by mouse microsomes, I-BRD9
was rapidly cleared at 112 mL/min/Kg (93% LBF) in vivo. Since both phase |
modification (e.g. oxidation or reduction) and phase Il metabolism (active
metabolites are conjugated to charged species) were possible in mouse, this in vivo
result could suggest that the rapid clearance was due to phase Il effects. In addition,
I-BRD9 showed a high volume of distribution (9.8 L/Kg) and a moderate half life of

2.8 hours, indicating distribution to the tissues.

In parallel, I-BRD9 was administered orally at 3 mg/kg (Figure 81, Table 22).
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Blood concentration time profile of I-BRD9 following 3 mg/Kg oral administration to the male

CD1 mouse.
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Figure 81: Blood concentration time profile of I-BRD9 following 3 mg/kg oral administration.

Oral PK Parameters Mean (n = 3)
Chax (ng/mL) 2.9
Cax (UM) 0.01
Tmax (D) 1.00

F% 2

Vs (L/KQ) 9.8
tyo (h) 2.6
AUC/D.. (min.Kg/L) 0.2

Table 22: Oral PK parameters for I-BRD9.

[-BRD9 showed a low systemic exposure of 0.2 min.Kg/L, following oral
administration. This was most likely due to poor absorption through the gut
membrane and into the blood. In addition, poor bioavailability (F), the fraction of the

administered dose reaching the systemic circulation was observed at 2%.

Following the poor PK results from both oral and IV administration, I-BRD9 was
administered via subcutaneous and intraperitoneal injection. Pleasingly, results from
these experiments showed improved C,,ox and systemic exposure compared to oral

administration (Figure 82, Table 23).
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Blood concentration time profile of I-BRD9 following 3 mg/kg subcutaneous administration

(top) and intraperitoneal administration (bottom) to the male CD1 mouse.
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Figure 82: Blood concentration time profile of I-BRD9 following 3 mg/kg subcutaneous
administration (top) and intraperitoneal injection (bottom).

PK Parameters Subcutaneous Intraperitoneal
Mean (n = 3) Mean (n = 3)
Cmax (ng/mL) 555 405
Ciax (UM) 1.12 0.81
Timax (N) 0.27 0.25
F% 129 86
t1> (h) 3.1 2.9
AUC/D.. (min.Kg/L) 12.4 8.3

Table 23: PK parameters following subcutaneous administration of I-BRD9 (left); PK parameters
following intraperitoneal administartion of I-BRD9.

For example, systemic exposure was 0.2 min.Kg/L following oral administration
(Table 22), whereas subcutaneous and intraperitoneal injection (Table 23) provided
12.4 and 8.3 min.kg/L, respectively. Furthermore, C,.x was 555 ng/mL for
subcutaneous injection and 405 ng/mL for intraperitoneal, leading to bioavailabilities
of 129% and 86%, respectively. Although subcutaneous and intraperitoneal injection

provided an improvement on oral administration, only subcutaneous injection gave
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an improvement on the systemic exposure observed for IV injection (IV:

10 min.Kg/L, subcutaneouis: 12.4 min.Kg/L).

Considering the improved C...x and systemic exposure provided by subcutaneous
injection, I-BRD9 was progressed for further studies in order to assess its utility as
an in vivo tool compound. The fraction of unbound I-BRD9 in mouse blood was
determined, providing an indication of how much compound would be available to
bind to Brd9 at any one time. Results from this experiment showed that only 4% of I-
BRD9 was available. As a result of this, a dose of 500 mg/kg would be required to
achieve exposure greater than the TR-FRET ICs, (50 pM) over a period of 24 hours.
Although this dose is not excessively high, delivering this quantity of compound via
subcutaneous injection is expected to be extrememly challenging. Given these data,

I-BRD9 was deemed unsuitable for use as an in vivo tool compound in mouse.

Although I-BRD9 was not suitable for use in vivo, as an in vitro tool molecule, it
exceeded the initial criteria outlined at the start of this project. PK data on I-BRD9
was generated after probe declaration, meaning no optimisation against these
parameters was conducted. In order to improve these results, optimised compounds
could be tested in hepatocytes (liver cells in which both phase | and Il metabolism
are possible), providing a better prediction of in vivo PK. Through these studies, it
would be possible to investigate a correlation between both in vitro and in vivo PK in
order to guide lead optimisation.

One approach to optimise the PK data would be to improve the Brd9 potency of the
probe molecule. This in turn, would reduce the quantity of compound required for
efficacy, resulting in a lower dose. An alternative path would be to decrease the rate
of clearance, thereby increasing systemic exposure and half life. Finally, in order to
improve the predicted dose, optimisation against plasma protein binding could be
conducted. Increasing the fraction of unbound compound would mean more would
be available to interact with the target of interest. However, this is considered a
difficult strategy as a higher free-drug fraction could result in higher clearance.
Therefore, as reported by Smith and co-workers®®? a better approach may be to
optimise against clearance and absorption, thereby increasing the free-drug

concentration at the site of action.
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2.3.9 Comparison of I-BRD9 to other Brd9 chemical probes

Following the publication of I-BRD9,**

two Brd9/Brd7 dual chemical probes were
reported by the SGC and their collaborators at the University of Oxford and
Boehringer Ingelheim. LP-99'** (1.030, Figure 83) and BI-9564™“ (structure not yet
disclosed) were obtained from the SGC and tested in Brd9 and Brd4 (BD1/2) TR-
FRET assays in our laboratories. Results from these experiments confirm that these

compounds are active against Brd9, with selectivity over Brd4.

(0]
/\N | A NH
NS HNCSOZ
structure not disclosed
CF3
I-BRD9 LP99 (1.030) BIl-9564
TR-FRET pK; TR-FRET pK; TR-FRET pK;
Brd9: 7.6 Brd9: 6.6 Brd9: 7.3
Brd4 BD1/BD2: 5.6/ 4.6 x100 Brd4 BD1/BD2: <4.6 / 4.8 x63 Brd4 BD1/BD2: <4.6 / <4.6 x500
Brd7: 6.1 x32
published data pK (ITC) published data pKy (ITC)
Brd9: 7.0 Brd9: 7.8
Brd7: 6.0 Brd7: 6.6
Brd4: no detection by AT, Brd4: <4.0 by alphascreen

Figure 83: Brd9/7/4 data for I-BRD9, LP99 and BI-9564. Data are n22.

The data generated by the TR-FRET assays is in good agreement with the
published results. LP99 (1.030) showed a pK; value of 6.6 against Brd9, with 63 fold
selectivity over Brd4 (TR-FRET). These results correlate well with the ITC data
published (Brd9 pKg: 7.0). Although not a quantitative method, selectivity over Brd4
was determined by thermal shift analysis. Therefore, direct comparison of the TR-
FRET and published data is not possible.

BI-9564 also showed data in good agreement with literature values. The Brd9 pK;
value was 7.3, with 500 fold selectivity over Brd4 (TR-FRET). The SGC website
reports a Brd9 pKy value of 7.8, as determined by ITC. Selectivity over Brd4 was
determined by alphascreen in which BI-9564 tested as inactive. Indeed this result
correlates with the TR-FRET data, which showed Brd4 pK; values of <4.6.

Overall, these data correlate with that reported in the literature, providing further
confidence in the assays run within our laboratories. Comparison of the TR-FRET
data for I-BRD9 to the other probe molecules indicates that the potency of the

compound is excellent. Although I-BRD?9 is slightly less selective over Brd4 than BI-
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9564, the 100 fold window displayed is acceptable. Importantly, I-BRD9 differs from
the other tool molecules in that it is selective over Brd7. Both LP99 (1.030) and BI-
9564 are dual probes, showing significant activity against the highly homologous
Brd7. As a result of this, I-BRD9 is the first and only selective Brd9 chemical probe
reported to date.

2.4 Conclusion

Through several iterations of structure-based design starting from tertiary amide
2.005, I-BRD9 was identified as the first and only selective chemical probe for Brd9.
During the course of these studies, all areas of the TP template were investigated.
Primarily, array chemistry was used in order to explore the chemical space in a
timely and efficient manner. Ultimately, the highly potent amidine moiety was critical
to the success of I-BRD9, providing excellent selectivity over the BET family.
Following the identification of this group at the 2-position of the template, selectively
over non-BET bromodomains was gained through modifications to the 7-position

and the N-alkyl KAc mimetic.

Overall, I-BRD9 displays an excellent profile, with nanomolar activity against Brd9
(PK48.7, BROMOscan'®), as well as excellent selectivity across a panel of 34
bromodomains. The compound is 800 fold selective over the BET family, 200 fold
over the highly homologous Brd7 and 70 fold over every other bromodomain tested.
Due to the exquisite profile shown by I-BRD9, it represents one of only three

chemical probes known to target a single bromodomain selectively.

The broader pharmacological selectivity of I-BRD9 was demonstrated via eXP, with
no activity seen at less than 5 uM against a panel of 49 diverse targets. I-BRD9 is
cellularly penetrant with proof of target engagement shown through a NanoBRET
chromatin displacement assay''? (plCso: 6.8). I-BRD9 was shown to interact with
endogenous Brd9 with good activity (plCso: 7.1) and excellent selectivity (x >625)
over the BET family, as shown by a chemoproteomic binding assay. With drug-like
physico-chemical properties, I-BRD9 meets and exceeded the chemical probe
criteria defined at the outset of this project, and as such, was declared as a Brd9

selective chemical probe.
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Following publication of this research,”® I-BRD9 was presented to the SGC. The
compound was fully endorsed and has been made freely available to the scientific
community as part of the SGC epigenetic chemical probe set.?®* In addition, the
compound is available to purchase via several commercial suppliers (Figure 84). As
I-BRD9 is now published and available for use, the biological effects of Brd9

bromodomain inhibition can be explored for the first time.
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Biology of the BRD9 Bromodomains

BRDY is a bromodomain containing protein that form a small sub-branch of the bromodomain family tree [1]. Human BRDS contains a single bromodomain
and has five isoforms that are produced by alternative splicing. Little is known about BRDS function but it has been implicated in chromatin remodelling as
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Figure 84: I-BRD9 advertisements on the SGC (top) and Tocris (bottom) websites.
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3 Studies towards the development of a chemical probe for
TAF1 BD2

3.1 Introduction

3.1.1 Identification of TAF1 as a target

Following the successful identification of I-BRD9, focus was placed on the
development of a chemical probe for Transcription initiation factor TFIID subunit 1
(TAF1), a BCP for which the biological role is currently unknown. To date, there are
no chemical probes reported for TAF1. Therefore, the identification of an appropriate

tool molecule was essential in order to elucidate its biological function.

3.1.2 TAF1 Structure and function

Transcription of genes requires the assembly of a large multi-protein complex to
transcriptional start sites. A major component required is Transcription Factor IID
(TFIID), a multi-subunit complex that initiates the assembly of the cellular
transcriptional machinery.?®® TFIID binds to the promoter region on DNA and serves
as a scaffold for the assembly of approximately 70 proteins that constitute the
transcription initiation complex. TFIID is composed of the TATA Binding Protein
(TBP) and 14 TBP-Associated Factors (TAFs or TAFF,s).”® TAF1 or TAF,250, the
largest subunit of TFIID mediates promoter region and DNA binding, alteration of
chromatin structure, and post-translational modification of general transcription

factors. As such, TAFL1 facilitates transcriptional activation.?’

The TAF1 protein is reasonably well studied and it has been reported that
dysfunction of TAF1 is associated with various disease states. For example,
increased TAF1 expression is correlates with progression of human prostate

cancers,?®

and TAF1 has been found to modulate the Human Papillomavirus
(HPV), the main factor in the development of cervical cancer.?® In addition, it has
been reported that reduced expression of the TAF1l gene is associated with X-
Linked Dystonia-Parkinsonism; a condition characterised by sustained muscle

contractions, causing twisting and repetitive movements or abnormal postures.?*

The TAF1 protein is made up of approximately 2000 amino acid residues and
consists of various domains, which are responsible for its role in transcriptional

activation. More specifically, TAF1 contains: a HAT domain; two atypical protein
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kinase domains; and a tandem pair of bromodomains, namely BD1 and BD2
(Figure 85).20721

1 1872
et =D I mm O
NTK HAT BD1 BD2 CTK

Figure 85: Schematic representation of the TAF1 protein complex, which contains: NTK, N-
terminal kinase domain; HAT, histone acetyltransferase; BD1, bromodomain 1; BD?2,
bromodomain 2; and CTK, C-terminal kinase domain.

There is literature evidence to suggest that TAF1 is a protein kinase in its own right.
However, as TAF1 does not possess classical kinase architecture, it is more likely
that this activity is due to an association with protein kinase CK2. It is believed that
this association may play a role in the phosphorylation and function of Mdm2, a

critical regulator of the p53 tumour suppressor.?*?

TAF1 contains a tandem pair of bromodomains for which a crystal structure has
been reported. The individual bromodomains are connected via a linking helix,
creating a separation of approximately 25 A between each KAc binding site (Figure
86).213

KAc binding sites

Figure 86: X-Ray crystallography of the TAF1 bromodomains, BD1 and BD2 (PDB code = 1EQF).

The connectivity of the two bromodomains of TAF1 makes them ideally positioned to

recognise histone tails containing two KAc residues separated by 7 or 8 amino
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acids. It has been reported that the tandem bromodomains of TAF1l bind with
greater affinity to diacetylated histone tails than to monoacetylated due a
cooperative effect.?* As a result of this, the bromodomains of TAF1 recognise a
specific combination of acetyl marks on histone tails.

TAF1 is a member of family 7 of the bromodomain phylogenetic tree (Figure 8,
page 7), along with Transcription initiation factor TFIID subunit 1-like (TAF1L), a

highly homologous tandem bromodomain (Table 24).

TAF1L BD1 TAF1 BD1 TAF1L BD2 TAF1 BD2 Comment
WPF motif
WPF motif
WPF motif
ZA channel
ZA channel
ZA channel
ZA channel
ZA loop
ZA loop
INS1409 INS1390 INS1532 INS1513 ZA loop
INS1409 INS1390 INS1532 INS1513 ZA loop
ZA loop
ZA loop
Water-binding Tyr

Conserved Tyr
Conserved Asn

Gatekeeper

Table 24: Sequence similarity across the KAc binding sites of TAF1 (BD1 and BD2) and TAF1L
(BD1 and BD?2). Identical residues are highlighted in green and different in red. Amino acid
insertions are shown in grey.

The KAc binding sites of TAF1 and TAF1L share high sequence similarity: the BD1
domains differ by one amino acid residue and the BD2 domains are identical. Given
their high homology, it is likely that compounds which are active against TAF1 will
also be active against TAF1L.

As previously discussed (Section 2.3.6.3, page 119), recent studies®® have
confirmed the ability of Brd9 and CECR2 to bind to butyrlated lysine residues but not
the crotonylated variant. These results were extended to TAF1 BD2 and TAF1L
BD2, which were found to bind to butyryllysine. However, unlike Brd9 and CECR2,
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TAF1 BD2 and TAF1L BD2 also bound crotonyllysine and were the only
bromodomains screened to do so. X-Ray crystallography of the crotonyl lysine in
complex with TAF1 BD2 shows displacement of two of the conserved water
molecules from their usual positions, allowing the crotonyl double bond to adopt an

almost coplanar conformation with the amide bond (Figure 87).

Figure 87: X-Ray crystallography of KCr in complex with TAF1 BD2 (PBD code = 4YYN).
Hydrogen-bonds are shown as grey dashed lines and water molecules as red spheres.

The fact that only the BD2 domains of TAF1 and TAF1L bind butyl and crotonyl
lysines further confirms their sequence similarity and their differences to the
equivalent BD1 domains.

3.1.3 Small molecule inhibitors of TAF1

Although the TAF1 protein is associated with various disease states, the biological
roles of the individual domains are yet to be determined. A chemical probe approach
offers a method to investigate protein function via selective inhibition of an individual
domain. Towards this goal, McKeown and co-workers™** developed multi-component
reactions to access novel bromodomain inhibitors. Although not selective over the
BET family, compound 1.041 shows activity against TAF1 BD2 and the highly
homologous TAF1L, with pK4 values of 6.3 and 5.9, respectively (Figure 88).

1.041

¢
HN Bu Brd2 BD1/BD2 pKy: 7.0/7.0
Brd3 BD1/BD2 pK: 7.5/7.4
';l// % N/\ Brd4 BD1/BD2 pKy: 7.1/7.5
o N/J\¢N BrdT BD1/BD2 pKy:7.0/7.1

TAF1 BD2 pKy:6.3
TAF1L BD2 pK4:5.9

Figure 88: Compound 1.041 developed by McKeown and co-workers.***
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It is important to note that only TAF1 BD2 activity is reported for compound 1.041,
presumably because there was no assay available for BD1. Compound 1.041 has
not been used for biological investigation and therefore does not provide any
indication of TAF1 bromodomain function. As 1.041 shows multi-bromodomain
pharmacology, it would be difficult to assign any phenotype observed to inhibition of
a particular bromodomain. As such, compound 1.041 is not suitable for use as a

chemical probe.

McKeown and co-workers*®* report an X-ray crystal structure of compound 1.041 in
complex with Brd4 BD1 (Figure 89).

Tyr1566

Figure 89: (A) X-Ray crystallography of compound 1.041 in complex with Brd4 BD1 (left, blue;
PDB code = 4WIV); (B) X-Ray crystallography of compound 1.041 in complex with Brd4 BD1
(right, blue; PDB code = 4WIV) overlaid with apo TAF1 BD2 (right, orange). Hydrogen-bonds are
shown as grey dashed lines and water molecules as red spheres.

The 3,5-dimethylisoxazole moiety acts as the KAc mimetic, forming hydrogen-bonds
to Asnl140, as well as a water mediated interaction to Tyr97. This binding motif is
consistent with that described for compounds 1.010-1.013, which share the same
KAc mimetic (Section 1.5.2, page 18). The remainder of the molecule occupies the
ZA channel and the 'Bu group rests in a groove located close to the WPF shelf

region.

3.1.4 Aims

There is very little in the literature concerning TAF1 bromodomain biology, which, in
part, is due to the lack of potent and selective chemical probes. Therefore, the
development of a high quality chemical probe, which is selective for TAF1 is
essential to elucidate its biological function. Accordingly, the aim of this research
was to develop a potent and selective chemical probe for TAF1, which, as discussed

previously (Section 1.6, page 39), should satisfy the following criteria:
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pICso 2 7 against TAF1, as determined by TR-FRET assay.

2. 2100 fold selectivity over the BET family of bromodomains (Brd4 will be used
as a representative member of the family).

3. 230 fold selectivity over other non-BET bromodomains, as determined by
BROMOscan.

4. 2100 fold selectivity over broader pharmacological targets outside of the
bromodomain family.

5. Evidence of cellular target engagement.

It is important to note that any compound shown to be active against TAF1 will also
be active against TAFL1L, given their high homology (Figure 8, page 7). However,
this hypothesis would only be confirmed by BROMOscan analysis. Therefore, if a
compound was found to be active against TAFL1L, it could be possible to tag this
compound to a fluorescent probe in order to develop a TR-FRET assay. In addition,
suitable biophysical experiments could be utilised in order to confirm direct binding.

3.2 Results and discussion for TAF1 chemical probe discovery

3.2.1 Identification of a start point for chemical probe discovery

In order to identify compounds to provide a start point for the TAF1 chemical probe
effort, a cross-screening strategy was conducted. In total, 946 compounds were
tested against TAF1 BD2 by means of a TR-FRET assay. The ligand (3.001, Figure
90) used to configure this assay has greater affinity for BD2 (~150 nM) than BD1
(=3 uM).

TAF1 ligand N Y,

Alexa Fluor® 484

fluorophore
3.001

Figure 90: Chemical structure for TAF1 TR-FRET assay ligand, 3.001.

During the development of the TR-FRET assay, a ligand with equal affinity in both
BD1 and BD2 could not be identified and no ligand tested showed greater affinity for

BD1. Therefore, although the TAF1 protein contains two bromodomains, binding
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affinity was measured at BD2 only. This is consistent with the commercial
bromodomain assays that are available such as BROMOscan by DiscoverX,'*
suggesting that identifying potent binders of BD1 is extremely challenging. In
addition, analysis of bromodomain druggability conducted by Vidler and co-
workers® indicates that unlike TAF1 BD1, the BD2 domain is tractable to inhibition

by small molecules.

The KAc binding regions of the TAF1 bromodomains show 66% sequence similarity
(Table 25).

TAF1 HUMAN 1 | TAF1 HUMAN 2 Comment
TYR1380 TRP1503 WPF motif
WPF motif
WPF motif
ZA channel
ZA channel
ZA channel
ZA channel
ZA loop
ZA loop
INS1390 INS1513 ZA loop
INS1390 INS1513 ZA loop
ZA loop
ZA loop
Water-binding Tyr

Conserved Tyr
Conserved Asn

Gatekeeper

Table 25: Sequence similarity of TAF1 BD1 and BD2 across the KAc binding pocket. Residues
which are identical are shown in green; residues which are similar in orange; and residues
which are different in red. Grey boxes indicate an amino acid insertion.

Presumably, the differences in the amino acid residues which constitute the KAc
binding pockets of TAF1 BD1 and BD2 deliver different protein architectures, which
may account for the selectivity of the assay ligand for BD2. However, without an X-

ray crystal structure, it is difficult to form a solid hypothesis.

The results from the cross-screen identified several compounds which showed high
TAF1 BD2 potency, with some selectivity over Brd4 (Figure 91, potent and selective

compounds shown in green).

144



GSK CONFIDENTIAL INFORMATION — DO NOT COPY

x100 Brd4 BD1 unity

7.5

Brd4 BD1 pICs,

6.5

x100 TAF1 BD2

5.5 Naphthyridinone

4.5
®\ Phenyl sulfonamides

3.5

3 3.5 4 4.5 5 5.5 6 6.5 7 7.5 8

TAF1 BD2 pICs,

Figure 91: Graph to show data from initial TAF1 BD2 screen, in which 946 compounds were
screened. TAF1 BD2 activity is shown on the x-axis and Brd4 BD1 on the y-axis.

The compounds highlighted correspond to naphthyridinone 3.002a and three
phenylsulfonamides, for which 3.003 is shown as a representative example (Figure
92).

N \Z S
o) ) N S0,
I NH H

HN'&OHN\@
Br

o)
3.002a 3.003
TAF1 BD2 plCsq: 8.1 (0.33) TAF1 BD2 plCgy: 7.2 (0.31)
Brd4 BD1/BD2 pICsy: 6.2/ 5.3 x80 Brd4 BD1/BD2 plCgy: 4.4 / 5.2 x100
ATAD2 plCs: 6.2 X125 ATAD2 plCgp: 7.6 X0

Figure 92: plCso values for compounds 3.002a and 3.003 against TAF1 BD2 and Brd4 BD1, BD2
and ATAD2, as determined by TR-FRET analysis. Selectivity over Brd4 is calculated relative to
the maximum value and selectivity over ATAD2 is calculated based on pK; values. Data are n22.

Further research into the development of these compounds revealed that they were
designed and synthesised in an effort to deliver a chemical probe for the
bromodomain of ATAD2. In particular, compound 3.002a shares the same
chemotype as published ATAD2 inhibitors 1.021 and 1.022 (Figure 16, page
27).1%>1% |t has been reported that compound 3.002a was attached to a fluorescent
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ligand for use in the ATAD2 TR-FRET assay.'®>*% For this reason, TAF1 BD2 and
ATAD?2 data were compared (Figure 93).

X100 ATAD2

o
“o

ATAD2 pICs,

6.5

x100 TAF1 BD2

5.5
Naphthyridinone

3.002a

4.5

3 3.5 4 4.5 5 5.5 6 6.5 7 7.5 8

TAF1 BD2 pICs,

Figure 93: Graph to show data from initial TAF1 BD2 screen, in which 946 compounds were
screened. TAF1 BD2 activity is shown on the x-axis and ATAD2 on the y-axis.

As indicated in Figure 92, naphthyridinone 3.002a shows high TAF1 BD2 activity,
with ~ 100 fold selectivity against ATAD2. In contrast, the phenylsulfonamides
showed high TAF1 BD2 activity with no selectivity over ATAD2. For this reason,

compound 3.002a was progressed for further profiling (Table 26).

Compound 3.002a

TAF1 BD2 plICs (LE) 8.1(0.33)
Brd4 BD1 / BD2 plCsg 6.2 /5.3 x80
Brd7 plCso 5.5 x400
Brd9 plCsg 7.2 x8
BRPF1 pICsg 5.1 x1000
ATAD2 pICs 6.2 x125
MW, ChromLogDg 4 466, 0.44
CLND sol., AMP 39 pg/mL, 16.5 nm/s
IL-6 pICsp 4.9

Table 26: Summary of compound 3.002a. Selectivity over Brd4 is calculated relative to the
maximum value and selectivity over ATAD2 is calculated based on pK; values. Data are n22.
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Compound 3.002a showed high TAF1 BD2 activity with a plCso of 8.1, acceptable
ligand efficiency of 0.33, and good selectivity over Brd4 (80 fold) and ATAD2 (125
fold). Furthermore, 3.002a showed excellent selectivity over the bromodomains of
BRPF1 (1000 fold) and Brd7 (400 fold). Although Brd9 is highly homologous to
Brd7, activity against this bromodomain was high (Brd9 pICs, of 7.2), providing little
selectivity.

Although the bromodomain activity and selectivity data was encouraging, 3.002a
showed undesirable physico-chemical properties, such as high polarity
(ChromLogD;4 0.44) and poor solubility [CLND sol.: 39 ug/mL (determined by
precipitation of 10 mM DMSO solution at pH 7.4)]. Following biological evaluation of
3.002a, the compound was found to precipitate from DMSO solution at 10 mM
concentration. As such, 3.002a was deemed too insoluble to conduct further tests. It
was believed that the poor solubility shown by compound 3.002a, was a result of
several factors. For example, 3.002a contains 10 HBAs and 4 HBDs, meaning that
individual molecules can interact with each other through hydrogen-bonding. In
addition, 3.002a contains 3 directly fused aromatic rings, creating a planar structure,
with minimal 3D character. A combination of these two features can result in poor

solubility and is consistent with that reported in the literature.*>*25:216:217

Compound 3.002a showed limited cellular penetration as demonstrated by the
artificial membrane permeability (AMP: 16.5 nm/s) and IL-6 inhibition (plCso: 4.9)
data. As discussed previously (Section 2.3.8.1, page 123), the IL-6 biomarker can
be used to provide an indication of cellular target engagement at Brd4 BD1. When
tested for IL-6 inhibition, 3.002a showed a plCs, value of 4.9, providing poor
correlation to Brd4 BD1 activity (plCso: 6.2). The disconnect observed between the
biochemical and cellular data suggested that the compound did not reach the site of
action. It was hypothesised that the highly polar (ChromLogD- 4 0.44) and charged
nature of 3.002a meant that it had limited ability to pass through the phospholipid

bilayer of the cell membrane.

Moving forward with the naphthyridinone series, compound 3.002a was broken
down into its constituent parts for analysis. A model of a truncated version of this

compound allowed the key interactions to be examined (Figure 94).2'8
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Figure 94: (A) Chemical structure of compound 3.002a with the KAc mimetic and amine NH
groups highlighted; (B) Truncated compound 3.002a modelled in TAF1 BD2. Hydrogen-bonds
are shown as grey dashed lines and water molecules as red spheres.

The pyrdinone moiety of 3.002a (highlighted in red) acts as the KAc mimetic. The
carbonyl group forms a hydrogen-bond to the NH, moiety of Asn1560, as well as a
water mediated interaction with Tyr1559. In addition, the amine NH (highlighted in
blue) forms a hydrogen-bond to the carbonyl of Asn1560, creating a tridentate
interaction. As such, it was believed that these groups should be maintained in

future structures.

Moving to the 8-position of the scaffold, the modelling studies predicted that any

functionalisation of the piperidine ring would protrude into solvent (Figure 95).

(A) (B)

8-position L Q‘\ towards solvent

/N L
HZN\H/O S o~ S
o} S A7
N
l NH H (
(0]

Figure 95: (A) Chemical structure of compound 3.002a with the 8-position highlighted; (B)
Truncated compound 3.002a modelled in TAF1 BD2. Hydrogen-bonds are shown as grey
dashed lines and water molecules as red spheres.

At the 5-position of the molecule, the docking studies predicted that the NH, of the
carbamate group forms interactions to the backbone carbonyl moieties of Pro1548
and 1552 (Figure 96).
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Figure 96: (A) Chemical structure of compound 3.002a with the 5-position highlighted; (B)
Truncated compound 3.002a modelled in TAF1 BD2. Hydrogen-bonds are shown as grey
dashed lines and water molecules as red spheres.

Considering the proposed interactions of compound 3.002a, as predicted by the
docking studies, initial focus was placed on the 5-position in order to investigate the
value of the carbamate group.

3.2.2 Initial SAR investigation at the 5-position

3.2.2.1 Identification of target compounds

Initial investigations focused on the 5-position due to the polar nature of the
carbamate moiety, which was thought to contribute to high polarity, poor solubility
and permeability. In order to explore the SAR at this position, several groups were
identified as possible alternatives based previously generated data. Although these

data were from the unfunctionalised amino piperidine scaffold, 3 compounds®*®

were
noted as maintaining high TAF1 BD2 activity with improved selectivity over Brd4.
Along with pysico-chemical properties, selectivity over Brd4 was considered in the

first instance (Table 27).
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I NH H
(@]
Combound TAF1 Brd4 Brd4
Entry P R= BD2 BD1 BD2 Selectivity
number
pICso pICsy  pICso
N
1 30042 o | , 68 5.9 4.8 x8
(@]
N
2 3.004b (S 6.8 5.4 4.7 x25
HO. =
g
N\
3 3.004c | 6.7 5.6 4.8 x13
3
(@]
4 3.004d SN 6.8 5.3 4.9 x32
NN

Table 27: plCso values for compounds 3.004a-d in the bromodomains of TAF1 BD2 and Brd4
BD1 and BD2 as determined by TR-FRET analysis. Selectivity over Brd4 is calculated relative to
the maximum value. Data are n22.

Truncation of carbamate, 3.004a to alcohol, 3.004b and methyl compound 3.004c
maintained TAF1 BD2 activity at 6.8, with improved selectivity over Brd4.
Furthermore, pyridinone, 3.004d showed identical TAF1 BD2 activity, with much
improved selectivity (compare entries 1 and 4). In order to understand if this SAR
was transferable to the propylamine functionalised scaffold and to investigate the
true effect of this substituent, these 5-position groups were installed onto the

corresponding intermediate.

3.2.2.2 Synthesis of 5-position analogues

In order to efficiently explore the SAR at the 5-position, the aim was to access an
intermediate from which structural diversity could be introduced in the final step. To
this end, compounds 3.002b—d were synthesised via an 11-step route. The first
portion of this synthesis was conducted using previously reported chemistry*® on a
50 g scale to provide key intermediate 3.011 (Scheme 31).
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X 1 M NaHMDS, Boc,0, "BuLi, DMF,TMEDA, THF,
| N THF,-10°C, 1.5h | SN 784C 3h | N
= : 4 i ' H P +
cl 1% cl 5% cl
NH, NHBoc O NHBoc
3.005 3.006 3.007
NaH, DMF, 0 °C, | =N 4MHClin
Q Q 3h e 1,4-dioxane, rt, 20 h
P{ :
EtO)j\((SE?Et 71% EtO | NHBoc 97%
3.008 O  3.009
) N
— DBU, toluene, 115 °C, 24 h —
EtOWH\ NH, 90% NH
o) o)
3.010 3.011

Scheme 31: Synthetic route to access intermediate 3.011 on 50 g scale.

Commercially available pyridine 3.005 was Boc protected in 91% vyield using
NaHMDS and Boc,0?® to deliver compound 3.006. Following this, formylation with
"BuLi, then careful addition of DMF at —78 °C** furnished aldehyde 3.007. A
Horner-Wadsworth-Emmons reaction®”* was employed using commercially available
phosphonate 3.008 to deliver compound 3.009. Boc deprotection was achieved
using 4 M HCl in 1,4-dioxane, followed by cyclisation with DBU. With an efficient and
high yielding route to access compound 3.011 investigated, functionalisation of the

5-position was examined (Scheme 32).
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Scheme 32: Synthesis of compounds 3.002b, c, g and h from key intermediate 3.011.

During these investigations, it was found that protection of the pyridinone moiety of

intermediate 3.011 as the O-benzyl was necessary for the subsequent Buchwald-

Hartwig coupling.???** In the absence of this protecting group, the reaction did not

proceed, with starting material observed by LCMS analysis. It was postulated that

the Pd catalyst may have coordinated to the naphthyridinone moiety, preventing

oxidative addition. As such, 3.011 was benzylated using benzyl bromide and K,CO;

at room temperature. These conditions delivered O-benzyl compound, 3.012 as the
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major product (83%), although a small amount of the N-benzyl analogue, 3.013 was
observed (6%). Presumably, the O-benzylated product was favoured due to the
greater steric encumbrance surrounding the pyridone nitrogen. Following this, a
Buchwald-Hartwig amination was conducted using the Pd,(dba); and Brettphos

catalyst system'®

to deliver compound 3.014 in 96% vyield. The newly installed
amino piperidine served as a directing group for electrophilic bromination with NBS,
which proceeded in good yield (87%). The Boc and benzyl groups were
simultaneously cleaved by heating in TFA to provide intermediate 3.016. Previously
conducted chemistry on this series had shown that stoichiometric TFA did not
remove the benzyl group at room temperature or at reflux. Reductive amination®®®
chemistry was utilised to functionalise the amino piperidine. Aldehyde 3.017 was
accessed from the corresponding alcohol via an oxidation with Dess Martin
periodane.?”® Compound 3.018 served as the key intermediate to which the various
aryl groups were installed via a Suzuki-Miyaura coupling,??” with Pd(OAc), and bulky
phosphine ligand, Catacaxium A. Finally, deprotection of the Boc group was

achieved with 4 M HCl in 1,4-dioxane to furnish final compounds 3.002b, c, g and h.

To access the original hit molecule 3.002a, intermediate 3.019b was taken forward
for further functionalisation (Scheme 33).

X X=N
z PhOCOCI, Py,
DCM, 0 °C, 3 h,

HO |
XN N N"""NHBoc then NH,OH, 61%
NN >
| Aw

X=C,

CDI, NH,OH,
X =N, 3.019b THF, rt, 21 h

o} X =C, 3.019g 2%

X
-z

HN. O | 4 M HCl in 1,4-dioxane,

i e & I O/\/\NHB“ t, 18 h
S >
YN
NH

X =N, 57%
X =C, 30%

X =N, 3.019
0 X =C, 3.019i

X
|
HoN O
2 \n/ A Z |N /O/\/\NHZ
(0]
N
NH
X =N, 3.002a
X =C, 3.002f

Scheme 33: Synthesis of compounds 3.002a and 3.002f.
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The carbamate moiety was installed on compound 3.019b by treatment with phenyl
chloroformate and pyridine in DCM at 0 °C. This furnished compound 3.019¢e in 61%
yield. Subsequent Boc deprotection using 4 M HCI in 1,4-dioxane delivered final
compound 3.002a in reasonable yield (57%). The all carbon analogue, 3.002f was

prepared in a similar fashion.

3.2.2.3 SAR discussion of 5-position analogues

In order to determine the binding affinity of compounds 3.002 and 3.004a—d in TAF1
BD2 and Brd4 BD1 and BD2, a TR-FRET assay was utilised. The data are shown in
Table 28 and selectivity is calculated relative to the maximum Brd4 value. In
contrast to the Brd9 chemical probe efforts in which the TP template was most
active at BD1, the naphthyridinone scaffold showed activity at both BD1 and BD2.

R! R?
/ |'\l /O\l’
YN
NH

o)
Entry 1 2 3 4 5 6 7 8
Compound 3.004 3.002 3.004 3.002 3.004 3.002 3.004 3.002
Number a a b b c C d d
N O
R2 = H (?HZ)SNHZ H (?H2)3NH2 H (?H2)3NH2 H (CI:HZ)3NH2
UelEL B 6.8 8.1 6.8 7.5 6.7 7.3 6.8 7.3
p|C5o
Brd4 BD1 59 6.2 5.4 5.6 55 5.6 53 55
pICso
Brd4 BD2 49 53 4.7 5.0 4.8 4.7 49 52
p|C5o
Selectivity x8 x80 x25 x80 x16 x50 x32 x63
CLND sol.
144 - 137 34 72 29 31 45
(Mg/mL)
AMP <3 165 <3 8 <3 11 <3 74
(nm/s)

Table 28: pICso values for compounds 3.002a-d and 3.004a—d in the bromodomains of TAF1
BD2 and Brd4 (BD1 and BD2) as determined by TR-FRET analysis. Selectivity is calculated
relative to the maximum Brd4 value. Data are n22.

Analysis of the data indicated that the nature of R* made very little difference to both
TAF1 BD2 and Brd4 activiies when R? was H or propylamine. For example,

truncation of carbamate 3.004a to methyl substituted compound, 3.004¢c maintained
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TAF1 activity, with minor improvement in selectivity over Brd4 (compare entries 1
and 5). An identical trend was seen for compounds 3.004b and ¢ (compare entries 4
and 6). Transformation of R* from H to propylamine caused a significant increase in
TAF1 BD2 activity, with little effect on Brd4 (compare entries 5 and 6). Despite X-ray
crystallography indicating that this substituent would protrude into solvent (Figure
95, page 148), the data suggested that the propylamine chain could be making
specific interactions in TAF1 BD2 but not in Brd4. The disconnect observed between
the TR-FRET data and the structural modelling suggested that this result may be an
assay artefact, resulting from a possible interference with the fluoroligand. In order
to investigate this hypothesis further, a selection of compounds were progressed for

test in an orthogonal screen (Section 3.2.5, page 172).

Pyridinone 3.002d showed an acceptable profile with a TAF1 BD2 plCs, of 7.3 and
63 fold selectivity over Brd4. Although very encouraging, the pyridinone moiety was
not progressed due to limited solubility (CLND sol. =45 ug/mL) and artificial
membrane permeability (AMP: 7.4 nm/s).

Overall, these data have demonstrated the profound effect of the propylamine chain
on TAF1 activity, providing >10 fold increase in potency relative to the
corresponding piperidine. Furthermore, the 5-pyridyl substituent had very little effect
on potency or selectivity, with methyl and alcohol groups showing an identical
profile.

3.2.3 5-Position SAR: pyridine vs. phenyl

To gain a deeper understanding of the SAR at the 5-position, the phenyl analogues
of compounds 3.002f-h were synthesised for direct pair-wise comparison to the
corresponding pyridine. It was believed that exchanging a more polar pyridyl moiety
for a phenyl group could reduce the inherent polarity of the template as well as HBA
count. This, in turn, could provide greater permeability and solubility. In addition,
these investigations aimed to investigate whether the pyridyl nitrogen was forming

specific interactions in TAF1 BD2.

The synthesis of compounds 3.002g and 3.002h is shown in Scheme 32 (page 152)
and in Scheme 33 (page 153) for carbamate 3.002f.
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3.2.3.1 SAR discussion of 5-position pyridyl vs. phenyl

Compounds 3.002f-h were tested in the bromodomains of TAF1 BD2 and Brd4 BD1
and BD2 by means of a TR-FRET assay. Selectivity is calculated relative to the
maximum Brd4 value (Table 29).

/X
|
YOXSNAN N"N"SNH,
N ! N
A
O 3002
Entry 1 2 3 4 5 6
Compound 228
Number a f b 9 ¢ h
X= N C N C N C
Y = HoN__O % H.N__O _* HO_* HO_* P>
T T
TAF1 BD2 8.1 7.0 7.5 7.4 7.3 6.0
pICso
Bie Bl 6.2 6.4 56 61 56 57
pICso
Bk B 5.3 5.5 50 54 47 53
p|C50
Selectivity %80 x4 x80 x20 x50 x5
ChromLogDy7 4 0.44 1.31 0.30 1.01 1.08 2.84
LMD el ; 23 34 42 29 22
(ng/mL)
AMP (nm/s) 16.5 9.2 8 9.2 11 13

Table 29: plCsp values for compounds 3.003a—c and f-h in the bromodomains of TAF1 BD2 and
Brd4 (BD1 and BD2) as determined by TR-FRET analysis. Selectivity over Brd4 is calculated
relative to the maximum value. Data are n22.

Analysis of the data indicated that for all 3 pair-wise comparisons, the pyridyl motif
provided increased TAF1 BD2 activity with little effect on Brd4. For example, pyridyl
3.002c showed a TAF1 BD2 pICs, of 7.3, whereas phenyl analogue 3.002h was 6.0
(compare entries 5 and 6). Modelling of compound 3.002c in TAF BD2 supports this
hypothesis, as the pyridyl nitrogen is predicted to form an interaction (dihedral angle:
86°) with a back-bone NH of Asn1554 (Figure 97).%'
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Figure 97: X-Ray crystallography of 3.002c modelled in TAF1 BD2. Hydrogen-bonds are shown
as grey dashed lines.

Although the phenyl compounds showed a less desirable activity and selectivity
profile, they were less polar as hypothesised. The removal of the pyridyl nitrogen
provided higher ChromLogD- 4 values, which in some cases led to higher solubility
(compare entries 1 and 2; and 3 and 4) and AMP (compare entries 5 and 6). Despite
phenyl compounds 3.002f-h showing a minor improvement in physico-chemical
properties, the data generated were considered poor and not within the acceptable

range for a drug-like molecule.

Carbamate 3.002a showed the highest TAF1 BD2 activity, with 80 fold selectivity
over Brd4. However, due to high polarity and poor solubility, 3.002a could not be
progressed for further profiling. Although compounds 3.002b and c¢ showed very
similar profiles, 3.002c was selected for further optimisation due to synthetic

tractability.
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3.2.4 SARinvestigation at the 8-position

Having established the 5-methylpyridyl motif as an appropriate 5-position group,
focus was placed on exploration of the 8-position. Initial investigations aimed to
understand the contribution of the functionalised amino piperidine to TAF1 activity.
In addition, the solubility issues were to be addressed through the introduction of
substituents with fewer hydrogen-bond donor and acceptor motifs. To this end, a
series of amine substituents was installed onto the 5-position of the naphthyridinone

template via array chemistry (Figure 98).
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Figure 98: 8-Position array compounds 3.020a—x.
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3.2.4.1 Synthesis of 8-position analogues
Initial investigations to access 8-position analogues 3.020a—k made use of a reliable

105,106

but lengthy route (Scheme 34).

= |N Pd,(dba)s, NaO'Bu, amine, = |N NBS THF
X Brettphos, THF, 60 °C ™ .R
U TN
N 31%-quant. _N 49% -quant. _N

OBn OBn OBn
3.012 3.021a-k 3.022a-k
N N
] ]
Pd(OAc),, Catacaxium A, X X
K,CO3, 100 °C, pwave, 1 h = |N TFA, 80 °C = |N
NN R —— N .R
Ny | N 7-87% | N
| P _N NH
B(OH), OBn O
36-71% 3.023a-k 3.020a-k
-
- N o) o
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Scheme 34: Synthetic route to access 5-position amines 3.020a-k from intermediate 3.012.

Each amine was installed onto intermediate 3.012 via a Buchwald-Hartwig coupling,
which provided a directing group for the subsequent electrophilic bromination with
NBS. Following this, the 5-methyl pyridine motif was installed by a Suzuki-Miyaura
coupling. Finally, the O-benzyl protecting group was cleaved by heating in TFA to
deliver the final compounds. In the case of compounds 3.020h—k, the amine was
installed as the Boc protected compound. Therefore, the Boc groups were also
removed in the final step of this synthesis.

Although this route provided final compounds successfully, it was not suitable for
array chemistry. Ideally, structural diversity should be introduced in the final step of
a synthesis to ensure efficient access to a range of analogues. Therefore, in order to
synthesise the 8-position compounds in a single step, a late-stage intermediate

containing a leaving group (LG) at C-8 was required (Scheme 35).
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Scheme 35: Retrosynthesis of 8-position amine.

Early investigations focussed on the synthesis of a late stage intermediate, which
could be functionalised at both the 5- and 8-positions. It was believed that the
appropriate amines would be installed via a Buchwald-Hartwig coupling with
compound 3.024, which in turn, would be accessed from a selective Suzuki-Miyaura
coupling at the 5-position of 3.025 (Scheme 36).

| Buchwald-Hartwig

[
;‘; Suzuki-Miyaura Z "N
Z N Amination z N Coupling o o
T .R >
| S ﬂ’” | NH
NH
o]

3.024 3.025

Scheme 36: Retrosynthesis of 8-position amine to the corresponding intermediates 3.024 and
3.025.

In an attempt to access compound 3.025, several iodination reactions were
conducted (Table 30).

N\ ! Z N
|
(Y ¢ —¢—> [ Y ©
OBn OBn
3.012 3.025
Starting Temperature, Observation
20 material REEGENS Time (LCMS)
rt, 2 h .
1 3.012 NIS, THF 65°C, 2 h No reaction
rt, 48 h .
2 3.012 NIS, DMF 80°C.3h No reaction
3 3.012 NIS, MeCN t, 2h No reaction
' ' 80°C,2h
NIS, TFA cat., rt, 1h .
4 3.012 MeCN 80°C, 2 h No reaction
5 3.012 ICI, KOAc, AcOH 80°C,20 h No reaction
6 3012 Benzoyl peroxide, 90 °C, 0.5 h, Mixture of
' NIS, EtOAc pwave products
3.011 NIS, TFA cat., rt, 1h .
7 (Scheme 32) MeCN 80°C,2h No reaction

Table 30: Reagents and conditions for attempted iodination chemistry.
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Several attempts were made to iodinate compound 3.012 using NIS with a range of
solvents and temperatures (entries 1-3). As no product was observed by LCMS

229, 230
A ’

analysis, conditions using catalytic TF were investigated, but this delivered

122! was utilised as a more reactive

only starting material (entry 4). Subsequently, IC
iodinating agent but again no reaction was seen by LCMS analysis (entry 5). A
radical iodination reaction with benzoyl peroxide and NIS in the microwave also
proved unsuccessful (entry 6). In addition, unprotected compound 3.011 (Scheme
32, page 152) was subjected to reaction with NIS and TFA but no reaction was
observed (entry 7). A bromination reaction with NBS at both room temperature and
reflux also failed to deliver the corresponding bromide. As all attempts to
functionalise the 5-position were unsuccessful, an alternative strategy was

investigated.

It was believed that in order for the naphthyridinone scaffold to undergo an
electrophilic aromatic substitution reaction, it would require a more effective
activating group than Br or Cl. Having already proved that the template can undergo
bromination with NBS in the presence of an amine directing group (Scheme 34,
step 2, page 159), this strategy was investigated (Scheme 37).

z N
150 °C, 4 h, then z |N
/\©\ 160 °C, 1 h, pwave X N
H
T e [ OMe
o)
3.011 3.026
Br =z N Br. = N
NBS, THF, rt, 3h ) TFA, 80 °C, 18 h )
— | N — | NH,
38% NH oMo 22% NH
3.027 N O 3.028
Br: i
conc. HCI, CuCl, NaNO,, ZaN Pd(PPhs),, K,COs, \ |
0°Ctort, 18 h U Ar-B(OH),, 80 °C, 18 h = |N
_— | Cl ¢ > X
24% NH | Cl
NH
o)
3.029 O 3.030
N
g
x 2N
|
------------- > .R
N
NH
o)

Scheme 37: Attempted synthesis of intermediate 3.030.
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As previous chemistry efforts had suggested that the naphthyridinone scaffold
required activation for successful electrophilic aromatic substitution, a PMB
protected amine was installed at the 8-position of compound 3.011 via an SyAr
reaction. This proceeded in 83% vyield to deliver intermediate 3.026. An iodination
reaction with NIS was attempted but proved unsuccessful, with only starting material
observed by LCMS analysis. As an alternative, 3.026 was subjected to a
bromination reaction with NBS, which delivered compound 3.027 in 38% vyield.
Following this, the PMB group was removed by heating in TFA to afford compound
3.028 (22%). Both the bromination and deprotection reactions were low yielding due
to difficulties during purification caused by the insolubility of the corresponding
products. However, 73 mg of 3.028 was isolated and progressed in a Sandmeyer
reaction.”®” These conditions furnished intermediate 3.029, which had the potential
for functionalisation at both the 5- and 8-positions. A Suzuki-Miyaura coupling™®® was
then employed in an attempt to selectively install the aryl motif at the 5-position,
exploiting the greater potential for C-Br to undergo oxidative addition with Pd(0).
Despite several attempts, the reaction failed to provide any indication of desired

product as judged by LCMS analysis.

Critical analysis of this route revealed several issues. The yields for steps 2—4 were
low as a result of difficulties experienced during purification. The highly polar nature
and consequent insolubility of these molecules made isolation challenging. It is of
note that the bromination chemistry was attempted with O-benzylated variant of
3.026, as it was believed that the benzyl moiety would aid purification. However, the
benzyl group was cleaved under bromination conditions, offering no improvement. It
was also envisioned that considerable effort would be required in order to identify
the appropriate Suzuki-Miyaura coupling® conditions to selectively install the aryl
group at the 5-position. Given that the route to intermediate 3.029 was low yielding
and lengthy, this chemistry was considered unacceptable for both scale-up and late-
stage diversification of compound 3.030. Therefore, an alternative strategy was

investigated.

It was believed that the appropriate amine could be installed onto the
naphthyridinone scaffold using pyridyl triflate 3.031. This, in turn, would be accessed
from pyridinone 3.032, which would act as a directing group for the electrophilic

bromination of compound 3.034 (Scheme 38).
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N N N
NN NN NN
R T G O e o —
| N | N | oTf
NH N N
(0] OBn OBn
3.020 3.023 3.031
N
| B GA NH Z NH A N
N NAONH '
N Yo — Nl
— o —
| A (0] I _N I _N l _N
_N
OBn OBn OBn
OBn
3.032 3.033 3.034 3.012

Scheme 38: Retrosynthesis of 8-position amine.

With the idea that the pyridinone moiety could act as both a directing group and a
masked leaving group, the synthesis of pyridinone 3.034 was attempted. Conversion
of 2-chloro pyridine derivative, 3.012 into the corresponding pyridinone proved
challenging as there was a risk of O-benzyl cleavage. However, this protecting
group was required to differentiate between the two pyridinones. As such, several

attempts were made to access compound 3.034 (Table 31).
z IN ~ “NH =z IN =z IN Z “NH z IN )<
|\ Cl__, |\ o+|\ c o, |\ CI+|\ o, |\ o)
N N N NH NH _N
OBn OBn OBn (0] (0] OBn

3.012 3.034 3.012 3.011 3.035 3.036

desired product  starting material debenzylated debenzylated tBUOH adduct
starting material product
e Readents Temperature Observation
y 9 / Time (LCMS peak area)

10% 3.034; 23% 3.012; 20%

1 AcOH, pwave 100 °C,1h 3.011: 41% 3.035

[0) . [0) [0)
2 KO'Bu, '‘BUOH, pwave goec,1h  42% 3'034'32(1)?%3'011’ 11%
3 Pdx(dba)s, CSOH, Bipyphos, ;5500 11 339 isolated product 3.034

1,4-dioxane, pwave

Table 31: Reagents and conditions for attempted synthesis of pyridinone 3.034.

Heating compound 3.012 in AcOH?* in the microwave resulted in formation of the
desired product as judged by LCMS analysis. However, multiple side-products were
also observed, the major corresponding to debenzylated compound 3.035 (entry 1).
Treatment of 3.012 with KO'Bu, in '‘BUOH at 80 °C in the microwave also provided

the desired product along with debenzylated starting material 3.011 (entry 2).%**
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Following these results, a literature search revealed conditions for a Pd catalysed
pyridinone formation.?® As such, compound 3.012 was treated with Pd,(dba)s,
bipyphos and CsOH and heated at 100 °C in the microwave. Pleasingly, desired
product, with no debenzylation of starting material, was observed. However,
purification of 3.034 proved extremely challenging by both silica gel chromatography
and trituration, resulting in poor yields. Although desired product was isolated (33%
yield), the Pd catalysed reaction was not suitable for a scale-up route.

The very minor success achieved with the Pd catalysed chemistry highlighted an

observation that had been noted during previous chemistry (Table 32).

Z>N NH,RHCI, Pd,(dba);, NaOBu, ZN ZNH
| ) o Brettphos, THF, 70"(:,2h> | ) NHR |\ o
_N _N _N
OBn OBn OBn
3.012 3.034
Entry R = Result (LCMS peak area)

1 ;@Soz Product 37%:; 3.034 18%; other 45%

o)
2 E—O Product 30%:; 3.034 60%; other 10%

$—NH, Product 0%; 3.034 80%; other 20%;
70% isolated yield of 3.034

Table 32: Reagents and conditions for the attempted Buchwald-Hartwig couplings.

105,106 {1 installl

During investigations involving Buchwald-Hartwig amination chemistry
various amines at the 5-position of the template, it was noted that pyridinone 3.034
was produced as a side-product when the amine was employed as the HCI salt. In
particular, the use of ammonium chloride as the nucleophile (entry 3) showed 80%
conversion to pyridone 3.034 as judged by LCMS analysis. Following work-up and
purification, 3.034 was isolated in 70% yield. Although not productive for the
Buchwald-Hartwig chemistry, this observation proved useful for pyridinone
formation. Therefore, the reaction with ammonium chloride was repeated in order to

confirm this result (Scheme 39).
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ZN NHy"HCI, Pd,(dba)s, NaO'Bu, 2 NH
| ) N Brettphos, THF, 70 °C, 2 h _ | AN
N 8% N
OBn OBn
3.012 3.034

Scheme 39: Attempted synthesis of pyridone 3.034.

Disappointingly, the repeat reaction did not provide pyridinone 3.034 in comparable
yields (8%), indicating that ammonium chloride was not solely responsible for the
activity described in Table 32, entry 3. It was hypothesised that in HCI salt form, the
amine contained traces of water, which could have driven reactivity. Therefore, the
reaction was repeated, this time, replacing ammonium chloride with water (Scheme
40).

N\ H,0, Pdy(dba)s, Brettphos Z “NH
| ~ cl NaO'Bu, THF, 70 °C, 2 h . | N o
~N 91% ~N
OBn OBn
3.012 3.034

Scheme 40: Successful synthesis of pyridinone 3.034.

Pleasingly, pyridinone 3.034 was successfully synthesised in 91% yield, confirming
that residual water was responsible for product formation as shown in Table 32. To
investigate this reaction further, the chemistry was attempted in the absence of each
reagent in turn. Results from this screen showed that all components were required
for the reaction to progress. Although this chemistry using these reagents is not

6 and Buchwald and co-

described in the literature, both Beller and co-workers?®®
workers®’ have reported Pd catalysed coupling reactions of aryl halides to

synthesise phenols and aromatic ethers.

To investigate whether this chemistry would be amenable to the synthesis of both
pyridines and pyridyl ethers on alternative substrates, further investigations were
conducted. Isoquinoline compounds 3.037 and 3.039 were selected for test
reactions (Table 33).
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ROH, Pd,(dba)s, Brettphos
NaO'Bu, THF, 70 °C, 2 h
R = Me, 3.038b
= cl 4 OR e,

ROH, Pd,(dba)s, Brettphos
2 )3 p OR

NaO'Bu, THF, 70 °C, 2 h D=t 3040
O O =H, 3. a
N > N R = Me, 3.040b
Z 4

3.039
Entry R=  Result (LCMS peak area)

1 H 100%

2 Me 83%

3 H 95%

4 Me 88%

Table 33: LCMS results for pyridinone and pyridyl ether formation.

Pleasingly, this chemistry proved successful when applied to alternative substrates.
Both chloro- and bromo-substituted isoquinolines reacted to form the corresponding
pyridinones, as judged by LCMS analysis of the crude reaction mixture (entries 1
and 3). Furthermore, LCMS analysis indicated that this reaction could be used to
synthesise methyl ethers 3.038b and 3.040b (entries 2 and 3). Therefore, this
chemistry may provide an option for the selective synthesis of O- rather than N-
alkylated pyridones, particularly when these compounds cannot be accessed by

SNAr chemistry.

With a method to synthesise pyridinone 3.034 in excellent yield, the remainder of the
chemistry to access key intermediate 3.031 was conducted (Scheme 41).

H,0, Pdy(dba)s,

@ Brettphos, NaO'Bu, Z NH NBS. THE B A NH
THF,70°C,2h .
| X i -~ | SN o rt, 0.5h | N o
N 91% N 56% _N
OBn OBn OBn
3.012 3.034 3.033
N N
| |
ArBr, Pd(OAc),, Catacaxium A, ™ Tf,0, Py, ™
K,CO3, 100 °C, pwave, 1 h Z "NH DCM, 0°C, 1.5 h Z IN
= o X
85% | N 0 quant. | OTf
OBn OBn
3.032 3.031

Scheme 41: Synthetic route to access key intermediate 3.031.

An electrophilic aromatic substitution reaction with NBS in THF, afforded

intermediate 3.033 in reasonable yield (56%). Subsequently, a Suzuki-Miyaura
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coupling was used to install the aryl motif. Pleasingly, this reaction proceeded in
85% vyield to provide intermediate 3.032. Following this, the pyridinone moiety was
transformed into the corresponding pyridyl triflate, 3.031 in quantitative yield.**® This
chemistry was performed on scale, providing ~2 g of triflate 3.031 in 4-steps in 44%

overall yield.

With a stock of key intermediate 3.031 in hand, focus was placed on installation of
the amine functionality. Initially, amine 3.041 was used for test reactions, the first of

which was a Buchwald-Hartwig coupling (Scheme 42).

/N /N
| Pd,(dba)s, Brettphos |

X \

Z |N HoN NaO'Bu, THF, 70 °C, 1 h, pwave =z IN

+ N - D
| N 080,CF; E N | N N

N _N

OBn OBn

3.031 3.041 3.0231

Scheme 42: Attempted Buchwald-Hartwig coupling to install amine 3.042.

The Buchwald-Hartwig conditions used for the synthesis of 3.034 were applied to
triflate 3.031. LCMS analysis of the crude reaction mixture indicated conversion to
the corresponding pyridinone with no desired product observed. As such, an
alternative strategy was investigated. It was hypothesised that the amine

functionality could be installed by an SyAr reaction (Table 34).%%

/N /N
| I
X 2\ DIPEA, solvent, 1 h, pwave A 2\
| HN ’ - I [
| N 0S0,F, E > | X N
OBn OBn
3.031 3.041 3.023I
Entry Solvent Temperature/Time gl
(LCMS peak area)
1 NMP 150 °C, 1h then 200 °C, 1 h 48% 3.023I
2 Trifluorobenzene 150°C, 1 h 26% 3.023l
3 DMF 150°C, 1h 44% 3.023I
4 MeCN 150°C, 1h 52% 3.023lI
5 MeCN 140°C, 1h 67% 3.023l isolated yield

Table 34: Reagents and conditions used for the synthesis of compound 3.023| via SnAr
chemistry.

In order to investigate the potential of an SyAr reaction to deliver the desired
product, several high boiling, polar solvents were examined. Pleasingly, all solvent

systems provided an indication of desired product as judged by LCMS analysis of
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the crude reaction mixture. Both NMP and DMF showed reasonable results with
18% and 44% product observed respectively (entries 1 and 3). Trifluorobenzene
proved less useful with only 26% product seen (entry 2). The use of MeCN at
150 °C provided a cleaner LCMS trace, with 52% 3.023| observed. Taking MeCN
forward and attempting the reaction at lower temperature afforded compound 3.023|
in 67% isolated yield (Scheme 43).

N N
g g
~ Y DIPEA, MeCN, N N
[ H.N 1 h, ywave I
X + VAN _— A
| 0SO,CF5 R 36-73% | NHR
N _N
OBn OBn
3.031 3.023l-p
N o wOH
g Re 5 LT ,O & ,O
TFA, 80 °C, A Za SN SN SN
1 h, ywave ~ | H I H m H o n
> NHR
11-30% | NH (o) OH
I £ L0 A ST
3.0201-p H . H o

Scheme 43: Synthesis of compounds 3.020I-p via SNAr chemistry

Following installation of the amine functionality, intermediate 3.023| was taken
forward through deprotection of the O-benzyl moiety. This was achieved by heating
in TFA at 80 °C to furnish final compound 3.020I. This synthetic route was also used

for the synthesis of compounds 3.020m—p.

As the 8-position investigations required the use of array chemistry, it was important
to use chemistry which introduced structural diversity in the final-step from a
common intermediate. Therefore, the synthesis of the remaining compounds
3.020g—x, used triflate 3.031 but did not involve the isolation of intermediate 3.023.
Instead, 3.023 was telescoped through into the deprotection step (Scheme 44).
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N 1) amine, DIPEA, MeCN, N
| 1 h, pwave |
S Zay 2) TFA, 10 min or 0.5 h, pwave NS Zay
I I
X > X
| 0S0,CF; 3-35% | R
N NH
OBn (0]
3.031 3.020q-x
O L7 0 O
H H H H
q r s t
I
g O O )
~N
N /[)
”/\GN A SO Ay
~ I H H
u v w X

Scheme 44: Synthesis of compounds 3.020g—x.

Although the yields for this reaction were low due to the purification method used
(reverse phase preparative HPLC), this chemistry allowed access to final

compounds 3.020g—x in a single flask.

169



GSK CONFIDENTIAL INFORMATION — DO NOT COPY

3.2.4.2 SAR discussion for 8-position array 1

Compounds 3.020a—x were tested in the bromodomains of TAF1 BD2 and Brd4
BD1 and BD2 by means of a TR-FRET assay. Selectivity is calculated relative to the
maximum Brd4 value (for full data see Appendix 5.7). A small number of compounds

has been selected for SAR discussion (Table 35).

/N
I
NNANN
X I R
| NH
(0]
Entry 1 2 3 4 5 6
ST 3.002a 3.020a  3.020d** 3.0201 3.020b  3.020u
Number
N~ (CH2)sNH2 N~ D
_ R - A A
R H/Q H/O ;‘\H/O N ”S\H/ N/\O\‘\
TAF1 BD2 24 65 6.3 6.0 5.5 6.4
pICso
Brd4 BD1 56 5.7 4.6 <43 <43 4.8
p|C5o
Brd4 BD2 4.7 4.6 4.9 <43 <43 4.8
pICso
Selectivity x63 x6 x25 x50 x16 x40
CLND sol. 29 117 6 3 22 179
(Mg/mL)
(nm/s)

Table 35: pICso values for compounds 3.002a and 3.020a, d, |, b and u in the bromodomains of
TAF1 BD2 and Brd4 (BD1 and BD2) as determined by TR-FRET analysis. Selectivity over Brd4 is
calculated relative to the maximum value. Data are n22.

Analysis of the data generated from the TR-FRET assay indicated that truncation of
3.002a to deliver methyl substituted compound 3.020a led to a reduction in TAF1
activity, whilst Brd4 potency was maintained (compare entries 1 and 2). Despite the
X-ray crystallographic docking studies predicting that the propylamine chain of
3.002a would protrude into solvent (Figure 95, page 148), these data suggest that
this group was making specific interactions in TAF1 BD2. As previously discussed
(Section 3.2.2.3, page 154) the disconnect between the modelling studies and the
TR-FRET data generated were a cause for concern and suggested that the activity
observed by compound 3.002a may be a result of an assay artefact. Therefore, an
orthogonal determination of binding affinity was required in order to build confidence

in these results (Section 3.2.5, page 172).
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Further truncation to provide compounds 3.020d and 3.020I delivered an increase in
selectivity over Brd4, with TAF1 BD2 plCs, values in the region of 6 (compare
entries 2—4). However, compounds 3.020d and 3.0201 were found to be poorly
soluble and permeable. Methyl substituted compound 3.020b provided selectivity
but at the cost of TAF1 BD2 activity and solubility (entry 5). Extension at the 8-
position to give compound 3.020u showed an increase in TAF1 BD2 activity, with
reasonable selectivity over Brd4. In addition, 3.020u displayed much improved
solubility (CLND: 179 pg/mL), albeit not cell permeable [AMP: <3 nm/s (entry 6)].

Comparison of compounds 3.020a and 3.020u highlights an interesting trend
(compare entries 2 and 6). The addition of a methylene unit to give 3.020u
maintains TAF1 BD2 activity with plCs, values ~6.5, with an improvement in
selectivity over Brd4 (from 6 to 40 fold) and solubility (from 117 to 179 pg/mL).
Further analysis of the full data set from this array indicates that compounds 3.020v

and w exhibited a similar trend (Figure 99).

N
|
NS NN
|
%
NH
o}
e
£ O — 0
~N
N N
H ~
3.020a 3.020u
TAF1 BD2 pICs: 6.5 TAF1 BD2 pICs: 6.4
Brd4 BD1/BD2 plCsy: 5.7 / 4.6 X6 Brd4 BD1/BD2 plCsq: 4.8 / 4.8 x40
CLND sol.: 117 ug/mL CLND sol.: 179 ug/mL
AMP: <3 nm/s AMP: <3 nm/s
I
;‘\N O —_ N
" a A
N SN 0
| H
3.020v 3.020w
TAF1 BD2 plCsy: 5.9 TAF1 BD2 pICs: 6.0
Brd4 BD1/BD2 plCsy: 5.0 / 4.4 x8 Brd4 BD1/BD2 plCsy: 4.5/ 44.9 x13
CLND sol.: 212 ug/mL CLND sol.: 155 ug/mL
AMP: 210 nm/s AMP: 180 nm/s

Figure 99: TR-FRET assay, solubility and permeability data for compounds 3.020a and u-w.
Data are n>2.”

Analysis of these data indicates that increasing the chain length of the 8-position
amine substituent provides an increase in selectivity over Brd4, whilst TAF1 BD2
potency is maintained. In the case of compounds 3.020a and u, selectivity increased

from 6 to 40 fold, respectively. This effect is not as pronounced for compounds
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3.020v and w, but importantly these compounds show much improved physico-
chemical properties. Compounds 3.020v and u provide evidence that excellent
solubility and permeability can be achieved with this template. However, the
improvement in physico-chemical properties appears to be at the cost of TAF1 BD2
activity.

Moving forward with the hypothesis that increasing the chain length of the 8-position
amine substituent delivers an increase in selectivity, with no effect on TAF1 BD2
activity, a second array was designed to investigate further.

Before additional studies could be conducted, it was important to build confidence in
the TR-FRET data generated. In particular, compounds 3.002a-d had shown TAF1
BD2 plCs, values which were not consistent with X-ray crystallographic modelling.
Therefore, a series of compounds were examined in an orthogonal TAF1 BD2

assay.

3.2.5 Determination of TAF1 BD2 activity by BROMOscan

To investigate whether the data generated by compounds 3.002a—d was a result of
an assay artefact, a series of compounds from the naphthyridinone template was
selected for test in an orthogonal BROMOscan assay.'** The compounds selected
showed a range of TAF1 BD2 activities, as determined by TR-FRET (Figure 100).

N
9
NS Zay
|
| NS H/
NH
)
3.020b 3.020h 3.002d
TR-FRET plCs TR-FRET plCsg TR-FRET plCsg
TAF1BD2:55 TAF1BD2:6.0 TAF1BD2:7.3
Brd4 BD1: <4.3 x16 Brd4 BD1: 4.9 x13 Brd4 BD1: 5.5 x63
BROMOscan pKy BROMOscan pKy BROMOscan pKy
TAF1BD2:7.1 TAF1BD2:7.6 TAF1BD2:9.2
Brd4 BD1: 5.8 x21 Brd4 BD1: 5.6 x100 Brd4 BD1: 6.5 x500

Figure 100: Compounds selected for test by BROMOscan.

Pleasingly, results from the BROMOscan'? screen indicated that the trend in TAF1
BD2 and Brd4 BD1 activities shown by TR-FRET was maintained. It is this second,
orthogonal determination of binding affinity which helps to build confidence in the

TR-FRET data. However, the BROMOscan results show a consistent improvement
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in both TAF1 BD2 potency and selectivity. Although the precise reason for this is
unknown, it may be due to the alternative detection system, protein construct and

sample preparation methods used for these assays.

3.2.6 Further investigations at the 8-position
With confidence in the TAF1 BD2 TR-FRET assay confirmed by orthogonal

screening by means of BROMOscan,'*

the effect of the 8-position amine chain
length on TAF1 activity and selectivity was examined. These investigations were
conducted using array chemistry. As such, a series of compounds were designed to

explore this hypothesis (Figure 101).

173



GSK CONFIDENTIAL INFORMATION — DO NOT COPY

N
|
N N
|
(YR
NH
0
3.042
:‘iN :"\N :"\N f‘\N
H H H
N~ N~ N~~~
a b c d
N :"\N sL
o dD 2ePliae
N N Nome Non

N
H
n o p
o)
H H H
q r s t
H
£, N N g
" e~ £y O
WNHz \H O H 'lI/,/NHZ
u v w X

Figure 101: Second 8-position array.

3.2.6.1 Synthesis of second 8-position array compounds

The synthesis of compounds 3.042a—x was conducted using an identical method to
that previously described. The chemistry worked well, delivering all final compounds
in a range of yields (4-91%; Scheme 45).

/N | 1) amine, DIPEA, MeCN, /N |
X z IN 2) jI'IDAM:V(?\LI)GIE 30 min, uwave> X Z N
| N 080,CF; 4.91% | N R
ZN NH
OBn (0]
3.031 3.042a-x

Scheme 45: Synthesis of compounds 3.042a—x.
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3.2.6.2 SAR discussion for 8-position array 2
Compounds 3.042a—x were tested in the bromodomains of TAF1 BD2 and Brd4
BD1 and BD2 by means of a TR-FRET assay. Selectivity is calculated relative to the

maximum Brd4 value.

The majority of compounds tested showed reasonable TAF1 BD2 activity, with some
selectivity over Brd4 (for full data see Appendix 5.8). Several compounds showed
excellent physico-chemical properties, with good solubility and permeability.
However, this improvement was at the expense of TAF1 BD2 potency and

selectivity. Examples of such compounds are shown in Table 36.

/N
|
NS NN
NS ! R
| NH
(@]
Entry 1 2 3
CompeIme 3.042¢ 3.042g 3.042K
Number
B3 s
R= N/\G N B
H N~ H/\O\‘\/\OMe u/\CN/
TAF1 BD2
6.3 6.1 6.6
p|C5o
Brdd’ED1 4.5 4.4 5.2
pICso
Brd4 BD2 4.7 4.6 5.0
p|C5o
Selectivity x40 x32 x25
CLND sol.
170 135 170
(Mg/mL)
AMP (nm/s) 140 100 260

Table 36: plCso values for compounds 3.042c, g and k in the bromodomains of TAF1 BD2 and
Brd4 (BD1 and BD2) as determined by TR-FRET analysis. Selectivity over Brd4 is calculated
relative to the maximum value. Data are n22.

As hypothesised, there were compounds from this array which demonstrated the
effect of 8-position amine chain length on TAF1 activity and selectivity. Compounds
3.020g/0 and 3.0420 show an interesting trend (Table 37).
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/N
|
NS Za
NS ! R
| NH
O
Entry 1 2 3
Compound 5 050y 30200  3.0420
Number
O o
_ s
R= J:L”J/\J 2 U
H
TAF1 BD2 59 6.4 6.2
pICso ' ' '
Brd4 BD1
<4.3 4.4 <4.3
p|C50
Bra4 BD2 <4.3 5.1 <4.3
pICso
Selectivity x40 x20 x80
CLND sol.
53 39 22
(Mg/mL)
AMP (nm/s) 490 560 330

Table 37: plCso values for compounds 3.020g/o and 3.0420 in the bromodomains of TAF1 BD2
and Brd4 (BD1 and BD2) as determined by TR-FRET analysis. Selectivity over Brd4 is calculated
relative to the maximum value. Data are n22.

Analysis of this data indicates that extending the amine chain length causes a
significant increase in selectivity over Brd4, whilst TAF1 BD2 activity is maintained
(compare entries 1 and 3). Compound 3.0420 shows acceptable TAF1 BD2 activity
with a pICs value of 6.2 and 80 fold selectivity over Brd4. In order to rationalise this
selectivity, X-ray modelling®'® was utilised (Figure 102).
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Pro089

Figure 102: (A) Modelling of compound 3.0420 in complex with TAF1 BD2. Hydrogen-bonds are
shown as grey dashed lines and water molecules as red spheres; (B) Modelling of compound
3.0420 in complex with TAF1 BD2 (bromodomain surface shown in orange); (C) Modelling of
compound 3.0420 overlaid with apo Brd4 BD1 (bromodomain surface shown in blue); (D)
Modelling of compound 3.0420 overlaid with apo Brd4 BD2 (bromodomain surface shown in
pink).

Modelling of compound 3.0420 in complex with TAF1 BD2 (Figure 102A and B)
suggests that the molecule occupies the KAc binding site with good shape
complementarity. However, when this structure is overlaid with apo Brd4 BD1
(Figure 102C) and Brd4 BD2 (Figure 102D), the tetrahydropyran motif is predicted
to clash with Aspl44 and Pro089 in Brd4 BD1 and BD2 respectively. It was

hypothesised that this steric clash could provide selectivity over Brd4.

Moving forward with this hypothesis, alternative substituents which had the potential

to induce a clash in Brd4 were investigated.

3.2.6.3 Attempts to induce a clash in Brd4

In order to induce a clash with Aspl44 and Pro089 in Brd4 BD1 and BD2
respectively, alternative substituents were installed in the 8-position of the
naphthyridinone template. As such, compounds 3.042y and z were synthesised
using previously reported chemistry (Scheme 46).
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R =
N _ N 3.042
z | 1) amine, DIPEA, MeCN, z | S‘:
1 h, ywave ~
N : N
Z N 2) TFA, 10 min, pwave = N ﬂ/\Co y, 24%
>
| N 0S0,CF, | R o
z, 35%
/N NH S‘iN/\/C) (]
OBn o) H
3.031

Scheme 46: Synthesis of compounds 3.042y and z.

Compounds 3.042y and z were synthesised in 24 and 35% yields respectively, by
SNAr chemistry using late stage intermediate 3.031.

3.2.6.3.1 SAR discussion for additional 8-position array compounds

Compounds 3.042y and z were tested in the bromodomains of TAF1 BD2 and Brd4
BD1 and BD2 by means of a TR-FRET assay. Selectivity was calculated relative to
the maximum Brd4 value. Compounds 3.020w and 3.0420 are included for direct

comparison (Table 38). N
(®
NH
O
Entry 1 2 3 4
Compound 5345, 3020w 3.042y°7  3.0427

Number

_ r o o
AT 4D A 4
TAF1 BD2

6.2 6.2 6.1 6.1
pICso
Brd4 BD1 <43 <43 45 <4.3
pICso
Brd4 BD2 <43 5.0 5.0 <4.3
p|C5o
Selectivity %80 x16 x13 x63
CLND sol.
22 25 23 10
(Mg/mL)
AMP (nm/s) 330 370 360 350

Table 38: plCso values for compounds 3.020w and 3.0420, y and z in the bromodomains of TAF1
BD2 and Brd4 (BD1 and BD2) as determined by TR-FRET analysis. Selectivity over Brd4 is
calculated relative to the maximum value. Data are n22.

Comparison of compound 3.042z to shorter chain analogue 3.020w indicates that
increasing chain length has no effect on TAF1 BD2 activity but provides an increase

in selectivity over Brd4 (compare entries 2 and 4). This trend is consistent with that
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discussed in Tables 35 (page 170) and 37 (page 176). Compound 3.0450 has
similar TAF1 BD2 activity and selectivity as compound 3.045z, suggesting that z
also clashes with Asp144 and Pro089 in Brd4 BD1 and BD2 respectively (compare
entries 1 and 4). As these compounds showed broadly similar solubility and AMP,
they were progressed for further analysis.

Compounds 3.0420 and z were taken forward in order to understand their broader
bromodomain selectivity. As such, 3.0420 and z were tested against the
bromodomains of CREBBP, PCAF, BPTF and BRPF1 (Table 39).

/N
|
NS /IN
%
NH
(o]
Enyy  COMpoUNd n o TBA[;=21 PCAF BPTF BRPFL CREBBP
Number p|C5o p|C5o p|C5o p|C5o p|050
£
243 N o) <5.0 <4.0 5.2 <4.0
1 3.0420 ”AO 62 (x16) (x250) (x10)  (x100)
Q <4.0 <4.0 <4.0 <4.0
2 3.042z f‘\u/\/[) 61 (x125) (x125) (x125)  (x80)

Table 39: pICso values for compounds 3.0420 and z in the bromodomains of TAF1 BD2, PCAF,
BPTF, BRPF1 and CREBBP, as determined by TR-FRET analysis. Selectivity for TAF1 BD2 over

other bromodomains is shown in parentheses and calculated based on pK; values. Data are
n22.

Analysis of the data generated from the wider bromodomain screen indicated that
compounds 3.0420 and z showed good broader selectivity. Both compounds
displayed excellent selectivity over BPTF and CREBBP (280 fold). However,
compound 3.042z showed greater selectivity over PCAF (x125 z vs. x16 0) and
BRPF1 (x125 z vs. x10 0).

Despite its poor solubility (CLND sol.: 10 ug/mL) and relatively modest TAF1 BD2
activity (plCso: 6.1) compound 3.042z was selected for further development due to
the encouraging bromodomain selectivity profile. It was believed that improvements
to both TAF1 BD2 activity as well as solubility could be made through modifications
to the 5-position of the template, a vector that had not been investigated in detall
previously.
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3.2.7 5-Position array

To investigate the potential of the 5-position of the naphthyridinone template to
deliver an increase in TAF1 BD2 activity and solubility, array chemistry was utilised.
The compounds included in this array were designed to investigate the following:

1. Alternative substitution patterns around the pyridyl ring to engineer a twist at the
5-position to facilitate H-bond formation (Figure 103).

2. Alternative substitution patterns around the pyridyl ring to engineer a twist to
reduce the planarity of the scaffold, aiding solubility (Figure 103).

(A) (B)

Asn1554
5-position

Figure 103: (A) General chemical structure of 5-position analogues designed to faciltate H-bond
formation to Asn1554 in TAF1 BD2 and solubility; (B) X-Ray crystallography of truncated 3.002c
modelled in TAF1 BD2. Hydrogen-bonds are shown as grey dashed lines. Dihedral angle
highlighted in green.

3. Electronics, sterics and substitution patterns around the pyridyl ring.

4. Effect of 5-membered heterocycles (Figure 104).

5. Effect of fused ring systems (Figure 104).

6. Alternative HBA motifs on phenyl ring to replace the pyridyl group (Figure 104).

8-position 8-position 8-position 8-position

5-position 5-position 5-position 5-position

Figure 104: General chemical structures for 5-position analogues.
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The 24 compounds included in the 5-position array are shown in Figure 105.

R/N o
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NH
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¢ ¥ ¢ ¢

Figure 105: Compounds included in 5-position array.

3.2.7.1 Chemistry for 5-position array
As the 5-position of the naphthyridinone scaffold was to be investigated via array

chemistry, it was important to deliver a key intermediate in which structural diversity
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could be installed in the final step of the synthesis. Therefore, a 3-step route starting

from O-benzyl protected compound 3.012 was identified (Scheme 47).

sz(dba)3,
¢
= |N Brettphos, NaO'Bu, = N NBS, THF,
N - (0] THF, 70 °C, 18 h rt 0.5h
| o D >~
_N HoN 93% e
OBn OBn
3.012 3.044
Br = N Br i\ Q
) = A
_N 75% NH
OBn O
3.045 3.046

Scheme 47: Synthesis of intermediate 3.046 for use in 5-position array chemistry.

Using the Buchwald-Hartwig conditions previously described,***%

the desired
amine was installed at the 8-position of compound 3.012 in excellent yield (93%).
The amine moiety then acted as a directing group to facilitate electrophilic
bromination with NBS to deliver intermediate 3.045 in 91% vyield. Finally, the O-
benzyl moiety was removed by heating in TFA to furnish compound 3.046 (75%).
This route proved efficient and high yielding, affording multiple grams of 3.046 in

63% overall yield.

With a stock of key intermediate 3.046 in hand, a Suzuki-Miyaura coupling was used
to install the desired aryl motif (Scheme 48).
A. RB(OH),, PdCly(dppf),

K,CO3, IPA/H,0,
uwave, 120 °C, 0.5 h

OR
Br B. RB(OH),, Pd(OAC),, R
Z N Q Catacaxium A, K,COj, Z "N 0
) uwave, 100 °C, 1 h )
NH NH
(0] (e}
3.046 3.043a-x

Scheme 48: Synthesis of 5-position array compounds using Suzuki-Miyaura chemistry.

Compounds 3.043a-| were synthesised by colleagues in the Compound Array

244

Team®™ using conditions A. The remainder of the compounds, 3.043m—x were

synthesised sequentially using conditions B.'%>*%
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3.2.7.2 SAR discussion for 5-position array
Compounds 3.043a—x were tested in the bromodomains of TAF1 BD2 and Brd4
BD1 and BD2 by means of a TR-FRET assay. Selectivity is calculated relative to the

maximum Brd4 value.

The majority of compounds tested showed no improvement in TAF1 BD2 potency or
selectivity, with many found to be inactive against TAF1 BD2 (for full data see

Appendix 5.9). However, clear SAR trends were observed (Table 40).

L
YN
NH

3.043
Entry 1 2 3 4 5
Compound
Number b c q 3.042z n
N N N
R: -z | z | | /N /N
Q\; NS A P S VIR ¥
TAFIBDZ 59 50 64 6.1 6.2
pICso
Brdd BD1 3 43 52 <43 47
pICso
Brd4 BD2 52 <43 53 <4.3 5.2
p|C5o
Selectivity x5 x<1 x13 x63 x10
CLND sol. 25 52 17 10 186
(Mg/mL)

AMP (nm/s) 390 330 300 350 350

Table 40: plCso values for compounds 3.042z and 3.043b, c, n and g in the bromodomains of
TAF1 BD2 and Brd4 (BD1 and BD2) as determined by TR-FRET analysis. Selectivity over Brd4 is
calculated relative to the maximum value. Data are n22.

Analysis of the data indicated that substitution around the pyridyl ring can deliver an
increase in TAF1 BD2 activity and selectivity, with the exception of compound
3.043c, which was not tolerated (entry 2). Presumably, the methyl group of
compound 3.043c induced a steric clash in both Brd4 and TAF1 BD2, causing the
compound to test as inactive against both bromodomains. Compounds 3.043q, n
and 3.042z (entries 3-5) showed TAF1 BD2 pICs, values in the region of 6.2, a

minor improvement on unsubstituted compound 3.043b. However, the position of
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the methyl substituent was found to play an important role in determining selectivity
over Brd4. Compounds 3.043q and n were only 13 and 10 fold selective over Brd4

respectively, whilst compound 3.042z was 63 fold (compare entries 3-5).

Despite a poor selectivity profile, compound 3.042z showed much improved
physico-chemical properties with good solubility and permeability data observed
(entry 5). This result may suggest that the dihedral angle brought about by the
methyl substituent in compound 3.043n reduced the planarity of the scaffold as

hypothesised.

As substitution at the 5-position of the pyridyl ring continued to provide the best
combination of potency and selectivity, alternative groups with a variety of electronic

characteristics were analysed (Table 41).

R

Z N (0]
L)
YN
NH

3.046
Entry 1 2 3 4 5
Compound 245
Number d o] 3.042z a p
N
z N N N /N
R = HoN . A | z z z |
5 d NCJ;J\;‘ );J\sé MeZNJ;J\_éS Meoj;)\f
Ul B 6.4 <5.0 6.2 6.5 6.4
pICso
Brd4 BD1 <43 <43 <4.3 4.9 4.7
p|C5o
Brd4 BD2 4.9 <4.3 <4.3 5.1 4.9
p|C5o
Selectivity x32 x<1 x63 x25 x32
CLND sol. 15 12 10 13 16
(Mg/mL)
AMP (nm/s) <10 390 350 460 410

Table 41: plCso values for compounds 3.042z and 3.043a, d, o and p in the bromodomains of
TAF1 BD2 and Brd4 (BD1 and BD2) as determined by TR-FRET analysis. Selectivity over Brd4 is
calculated relative to the maximum value. Data are n22.

Analysis of the data revealed that all substituents apart from the nitrile group
(compound 3.0430, entry 2) provided a minor increase in TAF1 BD2 activity relative
to methyl compound 3.042z. However, this increase in TAF1 BD2 potency was at

the expense of selectivity over Brd4, with a maximum of 32 fold selectivity observed
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(compare entries 1, 4 and 5). In general, the substituent on the pyridyl ring made
little difference to the physico-chemical properties of the scaffold with compounds
3.042z and 3.043a, o and p showing very similar solubility and permeability profiles.
In contrast, compound 3.043d displayed a significant reduction in permeability,

brought about by the high polarity of this compound (ChromLogD- 4: 1.56, entry 1)

In order to understand whether alternative groups at the 5-position of the
naphthyridinone template would be tolerated in TAF1 BD2, a range of heterocycles
and bicycles were introduced. These alternative ring systems were not well
tolerated, often providing low TAF1 BD2 activity with poor selectivity over Brd4
(Table 42, entries 1 and 2).

R/N o
P
YN

NH

3.043
Entry 1 2 3 4 6
Compound 20 K V24 w2 1249
Number
NH
= HO S / N
T, o, G, A
NS
¥ ¥ ¥
et Dz 51 55 6.2 <50  <5.0
pICso
Brd4 BD1 <43 53 5.4 5.3 4.4
p|C50
BrdaBD2 /4 5.8 53 5.9 46
p|C50
Selectivity x6 x<1 x6 x<1 x1
CLND sol.
18 16 7 4 4
(Mg/mL)
AMP (nm/s) 470 470 830 ; <3

Table 42: plCso values for compounds 3.043], k, t, v and w in the bromodomains of TAF1 BD2
and Brd4 (BD1 and BD2) as determined by TR-FRET analysis. Selectivity over Brd4 is calculated
relative to the maximum value. Data are n22.

Fused bicyclic substituents also provided no improvement in potency or selectivity
compared to compound 3.042z. For example, compound 3.043v showed acceptable
TAF1 BD2 activity, but this was accompanied by an increase in Brd4 activity,

leading to poor selectivity (entry 3).
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Alternative HBA motifs on the phenyl ring were installed in an attempt to replace the
pyridyl group. Compound 3.043t was not tolerated in TAF1 BD2, testing as inactive
(entry 5).

Although this array provided very clear SAR with respect to TAF1 BD2, the data
revealed that the potency and selectivity profile of compound 3.042z could not be
matched or improved. The majority of modifications made to compound 3.042z
provided compounds which were inactive against TAF1 BD2, with very little, if any,
selectivity over Brd4.

3.2.8 Further optimisation of 3.002a

3.2.8.1 Identification of target compounds
As the 5-position array chemistry had failed to deliver any improvement on the
activity and selectivity profile shown by 3.042z, focus was placed back on compound

155

3.002a, the original start point for the project. X-Ray crystallography—° of analogue
3.002b had been obtained in an attempt to gain a better understanding of the role of

the propyl amine chain in TAF1 BD2 activity (Figure 106).

A N | N I
H,N__O HO
2 \n/ A = |N O/\/\NHZ A Z |N /O\‘/\/\NHz
o}
R R
NH NH
o} o]
3.002a 3.002b
TAF1 BD2 plCso: 8.1 TAF1 BD2 plCgo: 7.5
Brd4 BD1 / BD2 pICs: 6.2 / 5.3 X80 Brd4 BD1/BD2 pICsy: 5.6 / 5.0 x80

(B)

Asp1560 ece e\/“*\

/ o
; AN
L UL o7
Figure 106: (A) plCso values for compounds 3.002a and b in the bromodomains of TAF1 BD2 and
Brd4. Data are n22. Selectivity over Brd4 is calculated relative to the maximum Brd4 value; (B)

X-Ray crystallography of compound 3.002b in complex with TAF1 BD2. The hydrogen-bond is
shown as a grey dashed line.
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The X-ray crystal structure indicates that the propylamine chain does form an
interaction in TAF1 BD2. The amine moiety picks up a hydrogen-bond to Asp1560,
which may account for the increase in TAF1 BD2 activity that this group provides
(Table 28, page 154).

As the interaction with Aspl560 appeared to deliver an increase in TAF1 BD2
potency and selectivity, efforts were placed on the synthesis of compounds which
could form this interaction in an alternative, more efficient manner. As such, a series
of compounds, which contained HBD motifs were designed. These investigations
would be carried out on the scaffold shown below for direct comparison to the other

8-position compounds synthesised (Figure 107).

/O/\/NHz /O/\/NHMG N/\/NMeg
j\N ;‘\N .s'é\N/O
H H N

3.047a 3.047b 3.047¢
N
OH
’d I N/\/ JH\N
S Z N sé\ H
| N "
N H NH, NH, NHMe
| R 3.047d 3.042u
NH
N N
° 1 ’®
£, £,
H H
3.047e 3.047f

Figure 107: Chemical structures for compounds designed to form an interaction with Asp1560
in TAF1 BD2.

Docking studies®® indicated that both compounds 3.042u and 3.047e would form a
hydrogen-bond with Asp1560 in TAF1 BD2 (Figure 108).'® Therefore, it was
envisioned that the remaining compounds may be capable of forming the same

interaction.
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Figure 108: Modelling of compound 3.042u (left) and 3.050e (right) in complex with TAF1 BD2.
Hydrogen-bonds are shown as grey dashed lines.

3.2.8.2 Synthesis of 3.002a analogues

Compound 3.042u was synthesised as part of the second 5-position array chemistry
(Scheme 45, page 174). The remaining compounds 3.047a—g were synthesised
using a variety of methods, making use of pre-synthesised intermediates.
Compounds 3.047a and b was accessed via lengthy but reliable routes (Schemes
49 and 50)

Br:
N\ NH Br- NHBoc
~ | /O o picoline borane, z |N N
| N + J\/NHB AcOH, MeOH, 50 °C, 21 h NN
NH H ¢ > | H
43% NH
© 0
3.016 3.048 3.049
Ny N
| -z
)/\)\B(OH)Z S ~_-NHBoc
) Z N N 4 M HCl in 1,4-dioxane,
Pd(OAc),, Catacaxium A, ~ | rt 18 h
K,CO3, 100 °C, pwave, 1 h | H ’ »
NH o
70% 39%
0
N 3.050
|
X = |N /O\l/\/NHZ'HCI
N
NH

(0]
3.047a

Scheme 49: Synthesis of compound 3.047a

Utilising intermediate 3.016, commercially available aldehyde 3.048 was employed

in a reductive amination reaction®* to furnish amine 3.049 in 43% yield. A Suzuki-

105,106

Miyaura coupling was then used to install the pyridyl motif in 70% vyield.
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Following this, intermediate 3.050 was deprotected using 4 M HCI in 1,4-dioxane to

deliver final compound 3.047a (39% vyield).

Compound 3.047b was synthesised using a similar route, making use of
intermediate 3.015, which was prepared previously. Intermediate 3.015 was Boc
deprotected using 4 M HCI in 1,4-dioxane, to deliver 3.051 in 79% vyield.
Intermediate 3.051 was then used in a reductive amination reaction®”® with
commercially available aldehyde 3.052, which gave amine 3.053 (31% vyield).

Subsequently, a Suzuki-Miyaura coupling®®>*®

was used to install the pyridyl group
in 42% vyield, followed by deprotection with TFA to deliver final compound 3.047b

(12% vyield, Scheme 50).

Br-
. ZaN NH-HCI
Z>N NBoc 4 M HCl in 1,4-dioxane, U
| r, 18 h N
N

o
R

N > | y H J\/NMeBoc

| H 79% Z H

_N

OBn OBn 3.052

3.015 3.051 )l/\Nj\
—
B(OH),

r: NMeBoc
picoline borane Z N N Pd(OAc),, Catacaxium A,
: ) K,COs, 100 °C, pwave, 1 h
N
L

AcOH, MeOH, 50 °C, 75 h

B

>
OBn
3.053
N N
g ]
N NMeBoc N NHMe
/IN /Ol/\/ TFA, 100 °C, 0.5 h, pwave /IN /O\l/\/
S > S
| N 12% | N
ZN NH
OBn (@]
3.054 3.047b

Scheme 50: Synthesis of compound 3.047b

Compounds 3.047f and g were synthesised using previously reported
chemistry.’®>'% Commercially available amine 3.055 was installed via a Buchwald
Hartwig coupling to furnish intermediate 3.056 in 68% yield. Electrophilic
bromination with NBS gave 3.057 in 98% vyield. Following this, a Suzuki-Miyaura
coupling was used to install the pyridy motif in 78% vyield. The Boc and O-benzyl
groups were cleaved simultaneously by heating 3.058 in TFA over-night to provide
late-stage intermediate 3.059 in excellent yield (91%). Aldehydes 3.060a and b were

used in reductive amination chemistry, followed by Boc deprotection to give final

189



GSK CONFIDENTIAL INFORMATION — DO NOT COPY

compounds 3.047e and f in excellent yields (99% and quant. respectively, Scheme

51).
Pdy(doals, Boc
z IN Boc Brettphos, NaO'Bu, Za N NBS, THF,
™ THF, 70 °C,2h | rt 18 h
cl N S :
| e ~ e
N HoN 68% _N H 98%
OBn OBn
3.012 3.055 3.056
Pd(OAc),, Catacaxium A,
Ko,COg3, 100 °C, pwave, 1 h
Boc Ny /N
Br. N | | Boc
Z "N P X Z N
< B(OH), IN TFA, 80 °C, 18 h
N N —_ >
| H 78% N 91%
~.N | H
N
OBn OBn
. 3.057 3.058 NRBoG
-z N
I H . -
N N picoline borane, |
Z N 0 AcOH, MeOH, 50 °C, 20 h S Za N
N + N _nre > I J/\)
| N H o¢ R=H, 75% NN
= 0
NH R = Me, 72% |y H
(0]
R =H, 3.060a R=H, 3.061a
3.059 R = Me, 3.060b NHR'HCI R = Me, 3.061b
/N
4 M HClin |
1,4-dioxane, rt NS Zay N
- i L
R=H, 48 h, 99% NN
R = Me, 3 h, quant. | NH H
O
R=H, 3.047¢
R = Me, 3.047f

Scheme 51: Synthesis of compounds 3.047e and g.

Compounds 3.047c and d were synthesised using triflate 3.031 via SyAr chemistry
with commercially available amines (Scheme 52).

N
|
NS NN
| N 0S0,CF,
_N
OBn
3.031

/O/\/R
HoN

1) DIPEA, MeCN, N |
1 h, pwave
2) TFA, 0.5 h, pwave XNAON NNAR
> U N
R = NMe,, 6% |y "
R = OH, 30%

o

R = NMe,, 3.047c
R = OH, 3.047d

Scheme 52: Synthesis of compounds 3.047c and d via SyAr chemistry.
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3.2.8.3 SAR discussion of 3.002a analogues

Compounds 3.047a—f and 3.045u were tested in the bromodomains of TAF1 BD2
and Brd4 BD1 and BD2 by means of a TR-FRET assay. Selectivity is calculated
relative to the maximum Brd4 value. Compound 3.002b has been included in the

data set for comparison (Table 43).

N
|
NS % IN
YR
NH
O
Comoound TAF1 Brd4 Brd4
Entry P R= BD2 BD1 BD2 Selectivity
number
pICso pICsy  plCso
NN"SNH,
1 3.002b £ 7.3 56 4.7 x50
H
N/\/NHz
2 3.047a g /Q 71 52 52 X80
>N
H
/\/NHMe
3 3.0470%° O 6.7 52 55 x16
SN
H
NMe
250 N/\/ :
4 3.047¢ £ 6.4 5.2 5.3 x13
H
OH
250 N
5 3.047d £ 6.3 56 4.8 x5

.é’\N
6 3.042u H/\O 6.6 4.9 5.4 x16
"NH,

7 3.047e 6.1 4.7 52 x8

8 3.047f N 6.2 4.7 5.2 x10

e

H

Table 43: pICso values for compounds 3.002b, 3.047a—f and 3.042u in the bromodomains of
TAF1 BD2 and Brd4 (BD1 and BD2) as determined by TR-FRET analysis. Selectivity over Brd4 is
calculated relative to the maximum value. Data are n22 unless stated otherwise.

Analysis of the data generated from the TR-FRET assay indicates that reducing the
length of the propylamine chain (3.002b) to the ethyl variant (3.047a) makes little

difference to TAF1 BD2 activity, but causes a reduction in Brd4 potency, providing
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80 fold selectivity (compare entries 1 and 2). However, exchanging the primary
amine (3.047a) for the secondary (3.047b) and tertiary (3.047c) analogues causes a
reduction in both TAF1 BD2 potency and selectivity, suggesting that these
molecules may not be capable of forming the hydrogen-bond to Asp1560 (compare
entry 2 to 3 and 4). Furthermore, exchange of the amine for the primary alcohol
causes further reduction in TAF1 BD2 activity and selectivity (entry 5). Despite
docking studies predicting that compound 3.042u would form an interaction to
Aspl560 in TAF1 BD2 (Figure 108, page 188), this compound shows only
moderate activity, with little selectivity over Brd4 (entry 6). Finally, 3-substituted
amino piperidines 3.047e and f also show reduced TAF1 BD2 activity compared to
3.047a, suggesting a disconnect between the modelling and the data generated by
the TR-FRET assay (compare entry 2 to 7 and 8).

Although, for the most part, attempts to improve the profile of 3.002b proved
unsuccessful, shorter chain compound 3.047a showed acceptable TAF1 BD2
potency with 80 fold selectivity over Brd4. However, the physico-chemical properties
shown by this compound were poor (CLND sol.: 58 pg/mL; AMP: <3 nm/s).

At this stage in the project, all attempts to improve TAF1 BD2 potency and
selectivity whilst maintaining good physico-chemical properties were unsuccessful.
Although many compounds were synthesised with much improved physico-chemical
properties, which satisfied the guidelines for drug-like molecules, this was at the
expense of TAF1 BD2 activity.

Therefore, in an attempt to improve the physico-chemical properties of 3.002a,
whilst maintaining good activity, saturated ring systems were introduced at the 5-
position of the template. It is widely reported™™ that increasing the fraction of sp®

hybridised C atoms improves solubility of compounds.

3.2.8.4 Introduction of saturated substituents at the 5-position

In line with attempts to maintain high TAF1 BD2 activity along with acceptable
physico-chemical properties, saturated substituents were introduced onto the 5-
position of the naphthyridinone core. As discussed previously (Section 3.2.1, page
147), reducing the aromatic character can improve solubility. Therefore a selection
of saturated ring systems were introduced, with the aim to investigate this

hypothesis (Figure 109).
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Figure 109: Saturated 5-position compounds 3.062a—d.
3.2.8.,5 Synthesis of 5-position saturated analogues
The synthesis of compounds 3.062a—d was carried out using late-stage
intermediate 3.018 (Scheme 53).

Pd(OAc),, CatacaxiumA,
K,COs, 100 °C, pwave, 1 h

o) X
B \
"NAON N""NHBoc B~</:/\x | A~
) g Z N N NHBoc
N ' NS I
| H N
NH | N
NH

X =0, 48%
X =CH,, 62%
(e}
(0]
3.018 X =0, 3.063a
X = CH,, 3.063¢
1]
4MHClin
1,4-dioxane, rt, 2 h = IN N/\/\NHz
™ N
X =0, 54% | H
X = CHy, 38% NH
O
X =0, 3.062a
X = CH,, 3.062¢

Scheme 53: Synthesis of compounds 3.062a and c.

A Suzuki-Miyaura coupling*®>*%

was used to install the ring systems at the 5-
position of the scaffold in acceptable yields (48% and 62%). Following this, Boc
deprotection was achieved using 4 M HCI in 1,4-dioxane to deliver compounds

3.062a and ¢ in 54% and 38% yields respectively.

In order to synthesis fully saturated compounds 3.062b and d, intermediates 3.063a
and c were used in hydrogenation chemistry in the H-Cube to deliver compounds
3.064d and d. Subsequently, the Boc groups were cleaved under acidic conditions
(Scheme 54).
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Scheme 54: Synthesis of compounds 3.062b and d.

3.2.8.6 SAR discussion for 5-position saturated analogues
Compounds 3.062a—d were tested in the bromodomains of TAF1 BD2 and Brd4

BD1 and BD2 by means of a TR-FRET assay. Selectivity was calculated relative to
the maximum Brd4 value (Table 44).

R
Ty
N N

| fn

3.062

TAF1 Brd4 Brd4

Engry COMPOUNd o Bpo BDI BD2  Selectivity
number
pICso pICso pICso

1 a O\ 7.2 5.2 5.0 x100
¥

2 b O\ 6.4 4.8 4.9 x32
¥

3 c O\ 6.3 5.4 5.4 x8
¥

4 d O\ 6.2 4.9 5.3 x8
¥

Table 44: plICs values for compounds 3.062a-d in the bromodomains of TAF1 BD2 and Brd4
(BD1 and BD2) as determined by TR-FRET analysis. Selectivity over Brd4 is calculated relative
to the maximum value. Data are n22.

Analysis of the data from the TR-FRET assay indicates that, in general, compared to

aryl substituted analogues, saturated ring systems deliver a reduction in TAF1 BD2

194



GSK CONFIDENTIAL INFORMATION — DO NOT COPY

activity, with little effect on Brd4. Comparison of compounds 3.062c and d shows
that both sp? and sp® linker atoms at the 5-position provide almost identical activity
and selectivity data (compare entries 3 and 4). However, THP compounds 3.062a
and b show a different trend. Increasing the saturation of the 5-position linker from
sp” to sp°® leads to a decrease in both TAF1 BD2 and Brd4 activities, although this is
more pronounced for the former (compare entries 1 and 2). In addition, the data for
compounds 3.062a and c indicates that addition of the THP analogue delivers a 10
fold increase in activity against TAF1 BD2 (compare entries 1 and 3). Compound
3.062a displays the best profile, with a TAF1 BD2 plICs: 7.2 and 100 fold selectivity
over Brd4. In the absence of X-ray crystallography of compound 3.062a in complex
with TAF1 BD2, it was difficult account for this increase in activity. Nevertheless,
3.062a showed good activity and selectivity, therefore, further analysis of the
compound was conducted (Figure 110).

|
3 O
YN
NH

O

O

3.062a
TAF1 BD2 plCsq: 7.2
Brd4 BD1/BD2 plCsy: 5.2/ 5.0 x100
Brd9 pICsy: 5.3 x80
CREBBP plCsq: <4 x1600

PCAF plCsgp: 4.0 x1600
BAZ2A pICs: 4.6 x400

CLND sol.: 87 pg/mL

AMP: <10 nm/s
ChromLogDy7 4: 1.08

Figure 110: Summary of data for compound 3.062a. Data are n22.%*

Pleasingly, the 3.062a was found to be 80 fold selective over the bromodomain of
Brd9. This result was particularly surprising, as Brd9 has remained a close off-target
for this series. In addition, 3.062a tested as inactive against the bromodomains of
PCAF and CREBBP and was 400 fold selective over BAZ2A. Since these
bromodomains belong to different families of the phylogenetic tree (Figure 8, page

7), indicating sequence variation, this result may suggest good broader selectivity.

The solubility of 3.062a compared to its aryl substituted analogues was much
improved, with CLND sol.: 87 pg/mL. However, permeability for this compound was
poor (AMP: <10 nm/s) due to high polarity as shown by the ChromLogD- 4 value
(1.08).
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Although the bromodomain data shown by compound 3.062a was very encouraging,
the poor permeability data highlighted the physico-chemical property issues with this
template in general. Nevertheless, compound 3.062a represents a promising point
on the path to TAF1 BD2 chemical probe discovery.

3.3 Conclusions

Throughout the course of the investigations to develop a TAF1 BD2 chemical probe
from the naphthyridinone template, it proved very difficult to achieve high TAF1
activity in combination with good physico-chemical properties. Excellent TAF1 BD2
activity has been delivered, with reasonable to good selectivity over Brd4. However,
this has never been obtained alongside good solubility and permeability, highlighting

the difficulty of achieving the correct balance within this series (Figure 111).

N N
| |
A o} NS A NH2
Z\| Z "N N
L L
an N
NH NH
o o
3.042z 3.047a
TAF1 BD2 plCsp: 6.1 TAF1 BD2 pICsq: 7.1
Brd4 BD1/BD2 plCs: <4.3/ <4.3 x63 Brd4 BD1/BD2 plCgy: 5.2/ 5.2 x80
CLND sol.: 10 pg/mL CLND sol.: 58 pg/mL
AMP: 350 nm/s AMP: <3 nm/s
T
clons
N
NH

o}

3.062a
TAF1 BD2 plCs: 7.2
Brd4 BD1/ BD2 plCsgy: 5.2/ 5.0 x100
CLND sol.: 87 pg/mL
AMP: <10 nm/s

Figure 111: Data for compounds 3.042z, 3.047a and 3.062a. Data are n22.

Several compounds were prepared with excellent physico-chemical properties
showing good solubility and permeability profiles. However, this was at the expense
of TAF1 BD2 activity and selectivity over Brd4 (Figure 121).
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3.042c 3.042k
TAF1 BD2 plCgy: 6.3 TAF1 BD2 plICsp: 6.3
Brd4 BD1/BD2 plCsy: 4.5/ 4.7 x40 Brd4 BD1/BD2 plCsy: 5.2 /5.0 x13
CLND sol.: 170 pg/mL CLND sol.: 170 pg/mL
AMP: 140 nm/s AMP: 260 nm/s
PFI: 4.7 PF1:4.3
N
|
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L
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NH

O

3.043n
TAF1 BD2 pICs: 6.2
Brd4 BD1/BD2 plCsy: 4.7 / 5.2 x10
CLND sol.: 186 pg/mL
AMP: 350 nm/s
PFI1:6.2

Figure 112: Data for compounds 3.042c and k and 3.043n. Data are n22.

Given the difficulty in achieving good physico-chemical properties and excellent
bromodomain activity, it was not possible to deliver a compound, which satisfied the
probe criteria outlined at the outset of this project (Section 3.1.4, page 143).
However, this work delivered compound 3.062a, which displays a very encouraging

profile (Figure 110, page 195).

Compound 3.062a shows excellent TAF1 BD2 activity (plCso: 7.2), 100 fold
selectivity over Brd4, 80 fold over Brd9, >1500 fold over PCAF and CREBBP and
400 fold over BAZ2A. Given the difference in sequence homology between these
bromodomains as indicated by their positions on the phylogenetic tree, it is believed
that the broader selectivity of this compound would be within the 30 fold desired
(Section 3.1.4, page 143). Therefore, 3.062a represents the first compound reported
to be selective for TAF1 BD2. Although the solubility of 3.062a is acceptable (CLND
sol.: 87 pg/mL), the permeability is poor (AMP: <10 nm/s), meaning that its utility as
a cellular probe is limited. Therefore, in order to improve the profile of 3.062a, future
work could focus on improving the permeability of this compound, thus satisfying the

probe criteria.
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3.4 Future work

As previously described, investigations on the naphthyridinone template have
delivered compound 3.062a, which shows great potential as a TAF1 BD2 chemical
probe. The compound shows excellent activity (TAF1 BD2 plCs,: 7.2) and 280 fold
selectivity over every other bromodomain tested. However, 3.062a shows poor
permeability (AMP: <10 nm/s), therefore limiting its utility as a cellular chemical
probe. Future work on this series could focus on improving the permeability of
3.062a so that it can be used to investigate the cellular role of TAF1 BD2.

Given that the poor permeability of 3.062a is due to its high polarity
(ChromLogD- 4:1.08), future work could focus on functionalisation the piperidine ring
to include lipophilic groups (Figure 113, left). This strategy would allow for
investigation of a previously unexplored vector and deliver an increase in LogD,

thereby increasing the permeability of the template.

o]
| 1 |
=z INR N NH, = IN /O/Y\NHZ
F F
an YN
NH R? NH

o} O

O

R'=H, Me, OMe
R? = H, Me, OMe

Figure 113: Proposed modifications to compound 3.062a.
An alternative approach could be to modulate the basicity of the pendant amine. It
has been reported®™? that the introduction of F into piperidine rings decreases the
basicity of the N centre due to the inductive effect of F (Figure 113, right). This, in

turn, leads to an increase in LogD and therefore permeability.

In addition to increasing the permeability of compound 3.062a, future work could
focus on the delivery of a compound which contains the N-Crotyl KAc mimetic. As
discussed previously (Section 3.1.2, page 140) recent studies have shown that
TAF1 BD2 is capable of binding to this motif with good selectivity across the
bromodomain family.®® Therefore, future efforts could focus on the installation of the
KCr mimetic on to a known bromodomain scaffold. Due to synthetic tractability, the

TP core of I-BRD9 could represent a start point for these investigations.
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4 Experimental

4.1 General experimental

The names of the following compounds have been obtained using ChemDraw Ultra
12.0.

LCMS Methodology
Method using formic acid modifier — LCMS (formic acid)
LC conditions:

The UPLC analysis was conducted on an Acquity UPLC BEH Cig column (50 mm x
2.1 mm, id. 1.7 um packing diameter) at 40 °C. The solvents employed were:
A = 0.1% v/v solution of formic acid in water; B = 0.1% v/v solution of formic acid in
acetonitrile. The gradient (A:B) employed was from 97:3 to 3:97 over 2 min. The UV

detection was a summed signal from wavelength of 210 nm to 350 nm.
MS conditions:

The mass spectrometry was conducted on a Waters ZQ mass spectrometer, with an
ionisation mode of alternate—scan positive and negative electrospray. The scan
range was 100 to 1000 AMU, the scan time was 0.27 seconds and the inter—scan
delay was 0.10 seconds.

Method using ammonium bicarbonate modifier — LCMS (high pH)
LC conditions:

The UPLC analysis was conducted on an Acquity UPLC BEH C;g column (50 mm X
2.1 mm, i.d. 1.7 um packing diameter) at 40 °C. The solvents employed were:
A = ammonium hydrogen carbonate in water adjusted to pH 10 with ammonia
solution; B = acetonitrile. The gradient (A:B) employed was from 99:1 to 0:100 over
2 min. The UV detection was a summed signal from wavelength of 210 nm to
350 nm.

MS conditions:

The mass spectrometry was conducted on a Waters ZQ mass spectrometer, with an

ionisation mode of alternate—scan positive and negative electrospray. The scan
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range was 100 to 1000 AMU, the scan time was 0.27 seconds and the inter—scan

delay was 0.10 seconds.
High Resolution Mass Spectrometry (HRMS)
Chromatography and analysis conditions:

An Agilent 1100 Liquid Chromatograph equipped with a model G1367A
autosampler, a model G1312A binary pump and a HP1100 model G1315B diode
array detector was used. The method used was generic for all experiments. All
separations were achieved using a Cy5 reversed phase column (100 x 2.1 mm, 3 um
particle size) or equivalent. Gradient elution was carried out with the mobile phases
as (A) water containing 0.1% (v/v) TFA and (B) acetonitrile containing 0.1% (v/v)
TFA. The conditions for the gradient elution were initially 0% B, increasing linearly to
95% B over 8 min, remaining at 95% B for 0.5 min then decreasing linearly to 0% B
over 0.1 min followed by an equilibration period of 1.49 min prior to the next
injection. The flow rate was 1 mL/min, split to source and the temperature controlled

at 40 °C with an injection volume of between 2 to 5 L.
Mass Spectrometry conditions:

Positive ion mass spectra were acquired using a Thermo LTQ-Orbitrap FT mass
spectrometer, equipped with a ESI interface, over a mass range of 100 — 1100 Da,
with a scan time of 1 second. The elemental composition was calculated using
Xcalibur software and processed using RemoteAnalyzer (Spectral Works Ltd) for the
[M+H]" and the mass error quoted as ppm.

NMR Spectroscopy

NMR spectra were recorded on Bruker AV-400 (*H =400 MHz, *C = 101 MHz),
Bruker AV-500 (*H = 500 MHz, **C = 125 MHz) and Bruker AV-500 (*H = 600 MHz,
3C = 151 MHz)

'H NMR spectra: The chemical shift data for each signal are given as & in units of
parts per million (ppm) relative to tetramethylsilane (TMS) where &
(TMS) = 0.00 ppm. The multiplicity of each signal is indicated by: s (singlet); br.s
(broad singlet); d (doublet); t (triplet); g (quartet); dd (doublet of doublets); ddd
(double doublet of doublets), m (multiplet). The number of protons (n) for a given

resonance signal is indicated by nH. Coupling constants (J) are quoted in Hz and
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are recorded to the nearest 0.1 Hz. Identical proton coupling constants (J) are

averaged in each spectrum and reported to the nearest 0.1 Hz.

3C NMR spectra: Recorded with broadband proton decoupling. The chemical shift
data for each signal are given as &¢ in units of parts per million (ppm) relative to
tetramethylsilane (TMS) where 6 (TMS) = 0.00 ppm.

NMR spectra were recorded at room temperature.

Flash column chromatography

Purification was performed on a Biotage SP4 System using KP-Sil™ cartridges
eluting with solvents as supplied, under a positive pressure of compressed air.

MDAP Methodology
Method using formic acid modifier — MDAP (formic acid)
LC conditions:

The HPLC analysis was conducted on either a Sunfire C;g column (100 mm x 19
mm, i.d 5 pm packing diameter) or a Sunfire C;3 column (150 mm x 30 mm, i.d. 5
um packing diameter) at ambient temperature. The solvents employed were:
A = 0.1% v/v solution of formic acid in water; B = 0.1% v/v solution of formic acid in
acetonitrile. The purification was run as a gradient (A:B) over either 15 or 25
minutes, with a flow rate of 20 mL/min (100 mm x 19 mm, i.d 5um packing
diameter) or 40 mL/min (150 mm x 30 mm, i.d. 5 pm packing diameter). The UV

detection was a summed signal from wavelength of 210 nm to 350 nm.
MS conditions:

The mass spectrometry was conducted on a Waters ZQ mass spectrometer, with an
ionisation mode of alternate—scan positive and negative electrospray. The scan
range was 100 to 1000 AMU, the scan time was 0.50 secs and the inter—scan delay

was 0.20 sec.
Method using ammonium bicarbonate modifier — MDAP (high pH)
LC conditions:

The HPLC analysis was conducted on either an Xbridge Cig column (100 mm X

19 mm, i.d 5 pym packing diameter) or an Xbridge C,g column (100 mm x 30 mm, i.d.

201



GSK CONFIDENTIAL INFORMATION — DO NOT COPY

5 um packing diameter) at ambient temperature. The solvents employed were:
A =10 mM ammonium bicarbonate in water, adjusted to pH 10 with ammonia
solution; B = acetonitrile. The purification was run as a gradient (A:B) over either
15 min or 25 min, with a flow rate of 20 mL/min (100 mm x 19 mm, i.d 5 pm packing
diameter) or 40 mL/min (150 mm x 30 mm, i.d. 5 um packing diameter). The UV
detection was a summed signal from wavelength of 210 nm to 350 nm.

MS conditions:

The mass spectrometry was conducted on a Waters ZQ mass spectrometer, with an
ionisation mode of alternate—scan positive and negative electrospray. The scan
range was 100 to 1000 AMU, the scan time was 0.50 seconds and the inter—scan

delay was 0.20 seconds.
Microwave Reactor

Reactions heated under microwave conditions were heated in a Biotage Initiator

microwave. The initial absorption was set as ‘very high’.
Compound Purity

The purity of compounds tested in in vitro assays was of greater than 95% using

interpretation of a combination of LCMS and *H NMR data.
Reagents and solvents

Reagents and solvents were purchased from Acros UK, Sigma Aldrich UK, Alfa
Aesar UK or Fisher UK. Anhydrous DMF, THF and DCM were purchased from
SigmaAldrich UK in a SureSeal™ bottle. All other solvents were used as supplied
(analytical or HPLC grade). In vacuo refers to the use of a rotary evaporator
attached to a diaphragm pump. Brine refers to a saturated aqueous solution of

sodium chloride.
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4.2 Experimental procedures
7-Bromo-5-methyl 4-ox0-4,5-dihydrothieno[3,2-c]pyridine-2-carboxylic acid
(2.008)

o To a mixture of 2.009 (300 mg, 1.10 mmol) in H,O (5.5 mL) and

N T O DMSO (5.5 mL), sodium chlorite (598 mg, 6.61 mmol), sodium

NS oH dihydrogen phosphate (794 mg, 6.61 mmol) and hydrogen

peroxide (35% wt in H,O, 0.2 mL, 6.61 mmol) were added. The

mixture was left to stir at rt for 24 h. The reaction mixture was acidified to pH 1 with

Br

glacial acetic acid (5 mL) and concentrated in vacuo. The residue was suspended in
H,O (20 mL) and acidified to pH 1 with glacial AcOH (5 mL). The aqueous phase
was extracted with EtOAc (3 x 20 mL) and the combined organic layers were
washed with brine (20 mL), dried (MgSOQ,), filtered and concentrated in vacuo to
give 2.008 as a light brown solid (184 mg, 58%); ‘H NMR (400 MHz, DMSO-ds)
13.69 (s, 1H), 8.14 (s, 1H), 8.06 (s, 1H), 3.52 (s, 3H); LCMS (formic acid):
R; = 0.67 min (89%), MH" = 287.0, 289.0.

7-Bromo-5-methyl-2-(4-(methylsulfonyl)piperazine-1-carbonyl)thieno[3,2-
c]pyridin-4(5H)-one (2.016)

o A mixture of 2008 (183mg, 0.64 mmol), 1-

o]
\N\I s\ 4 (methylsulfonyl)piperazine (128 mg, 0.78 mmol), HATU
By Q__> (290 mg, 0.76 mmol) and DIPEA (0.2 mL, 1.27 mmol) in
N‘sone DMF (5 mL) was left to stir at rt for 18 h. The volatile

components were removed in vacuo and the resulting residue was dissolved in
EtOAc (10 mL), washed with ag. citric acid (1 M, 3 x 10 mL), sat. ag. NaHCO3; (3 x
10 mL), H,O (10 mL) and brine (10 mL). The organic layer was passed through a
hydrophobic frit and concentrated in vacuo to give 2.016 (150 mg, 54%) as a brown
solid; *H NMR (400 MHz, CDCl;) & ppm 7.87 (s, 1H), 7.41 (s, 1H,), 3.93 (t, J = 5.1,
4H), 3.65 (s, 3H), 3.35 (t, J=5.1, 4H), 2.85 (s, 3H); LCMS (formic acid)
R = 0.73 min (85%), MH" = 434.1, 436.1.
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7-Bromo-5-methyl-2-(piperidine-1-carbonyl)thieno[3,2-c]pyridin-4(5H)-one

(2.017a)

0 A mixture of 2.008 (250 mg, 0.87 mmol), piperidine (0.11 mL,
T\ 1.13 mmol), HATU (396 mg, 1.04 mmol), and DIPEA (0.3 mL,
\Br s N 1.74 mmol) in DMF (7.5 mL) was stirred at rt for 18 h. The

volatile components were removed in vacuo. The resulting

residue was dissolved in EtOAc (25 mL) and washed with aq. citric acid (10% wi/v, 3

x 25 mL), sat. ag. NaHCO; (3 x 25 mL), H,O (25 mL) and brine (25 mL). The

organic layer was passed through a hydrophobic frit and concentrated in vacuo to

give 2.017a (244 mg, 79%) as a light brown solid; *H NMR (400 MHz, CDCl;) & ppm

7.83 (s, 1H), 7.37 (s, 1H), 3.75-3.71 (m, 4H), 3.64 (s, 3H), 1.77-1.65 (m, 6H); LCMS

(formic acid), R, = 0.89 min (100%), MH" = 355.2, 357.2.

7-Bromo-N,N,5-trimethyl-4-ox0-4,5-dihydrothieno[3,2-c]pyridine-2-
carboxamide (2.017b)
A mixture of 2.008 (150mg, 0.52 mmol), dimethylamine

O

~N N o) hydrochloride (55 mg, 0.68 mmol), HATU (238 mg, 0.63 mmol),
|

X~ Nwme, and DIPEA (0.18 mL, 1.04 mmol) in DMF (4.5 mL) was left to stir

Br at rt for 18 h. The volatile components were removed in vacuo.
The resulting residue was dissolved in EtOAc (15 mL), washed with aqg. citric acid
(10% wfv, 3 x 20 mL), sat. ag. NaHCO; (3 x 20 mL), H,O (20mL) and brine
(20 mL). The organic layer was passed through a hydrophobic frit and concentrated
in vacuo to give 2.017b (70 mg, 43%) as an off white solid; *"H NMR (400 MHz,
CDCl3) & ppm 7.93 (s, 1H), 7.38 (s, 1H), 3.64 (s, 3H), 3.27 (br.s, 6H); LCMS (formic

acid), R, = 0.70 min (100%), MH* = 315.1, 317.1.

7-Bromo-N,5-dimethyl-4-0x0-4,5-dihydrothieno[3,2-c]pyridine-2-carboxamide
(2.017c)
o A mixture of 2.008 (150 mg, 0.52 mmol), DIPEA (0.18 mL,
ry 2 1.04 mmol), HATU (238 mg, 0.63 mmol) and methylamine
\Br S NHMe hydrochloride (46 mg, 0.68 mmol) in DMF (3.5 mL) was left to
stir at rt for 18 h. The volatile components were removed in vacuo. The resulting
residue was dissolved in EtOAc (10 mL) and washed with aqg. citric acid (10% w/v,
10 mL) causing precipitation of a solid. The solid was filtered under reduced
pressure, rinsed with H,O (15 mL), collected and dried under vacuum at 40 °C to

give 2.017c (66 mg, 42%) as an off white solid; *H NMR (400 MHz, DMSO-d)
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O ppm 8.81-8.76 (m, 1H), 8.30 (s, 1H), 8.07 (s, 1H), 3.52 (s, 3H), 2.79 (d, J =4.7,
3H); LCMS (formic acid), R; = 0.67 min (82%), MH" = 301.1, 303.1.

7-Bromo-5-methyl-4-o0x0-4,5-dihydrothieno[3,2-c]pyridine-2-carboxamide
(2.017d)
o A mixture of 2.008 (150 mg, 0.52 mmol), DIPEA (0.2 mL, 1.04

N N 2 mmol), EDC (120 mg, 0.63 mmol) and 1-hydroxybenzotriazole

NS NH,
Br

stir at rt for 35 h. The volatile components were removed in vacuo and the resulting

ammonium salt (119 mg, 0.78 mmol) in DMF (3.0 mL) was left to

solid was suspended in H,O (10 mL) and filtered under reduced pressure. The solid
was washed with ag. citric acid (10% wi/v, 10 mL), sat. ag. NaHCO; (10 mL) and
H,O (10 mL), collected and dried under vacuum at 40 °C to yield 2.017d (97 mg,
65%) as an off white solid; *"H NMR (400 MHz, DMSO-ds) & ppm 8.36 (s, 1H), 8.26
(br.s, 1H), 8.07 (s, 1H), 7.67 (br.s, 1H), 3.52 (s, 3H); LCMS (formic acid):
R; = 0.62 min (100%), MH" 287.0, 289.0.

7-(3,4-Dimethoxyphenyl)-5-methyl-2-(4-(methylsulfonyl)piperazine-1-
carbonylthieno[3,2-c]pyridin-4(5H)-one (2.005)

0 A mixture of 2,016 (140mg, 0.32mmol), (3,4-
SN R 2 dimethoxyphenyl)boronic acid (72 mg, 0.40 mmol), K,CO;
YOS {':3 (135 mg, 0.98 mmol) and Pd(PPhs).Cl, (21 mg, 0.03 mmol)
- N\Sone in H,O (1.2 mL) and DME (7 mL) was heated at 120 °C in a

OMe microwave reactor for 0.5 h. The mixture was allowed to

cool to rt and partitioned between EtOAc (20 mL) and H,O (20 mL). The organic
layer was filtered through Celite®, passed through a hydrophobic frit and
concentrated in vacuo. The resulting residue was purified by silica gel
chromatography (0-5% MeOH in EtOAc). The resulting residue was purified by
MDAP (formic acid). The appropriate fractions were combined and solvent
evaporated in vacuo to give 2.005 (70 mg, 44%) as a white solid; m.p. 244-245 °C;
Vmax (thin film)lem™: 1650 (C=0), 1517 (aromatic C=C), 1256 (S=0); ‘H NMR
(400 MHz, CDCls3) & ppm 7.87 (s, 1H), 7.26 (s, 1H), 7.12 (dd, J = 8.2, 2.1, 1H), 7.08
(d, J=2.1, 1H), 6.99 (d, J = 8.2, 1H), 3.97 (s, 3H), 3.96 (s, 3H), 3.95-3.92 (m, 4H),
3.72 (s, 3H), 3.36-3.33 (m, 4H), 2.85 (s, 3H); *C NMR (101 MHz, CDCl3) & ppm
163.1, 158.7, 150.0, 149.4, 149.3, 135.4, 132.4, 129.6, 128.2, 126.7, 120.0, 117.0,
111.7, 110.7, 56.1, 56.0, 45.9, 37.1, 34.9; N.B. one carbon missing from spectrum;
HRMS (M + H)" calculated for C,,HysN306S,, 492.1238; found 492.1258; LCMS
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(formic acid), R, = 0.79 min (99%), MH" = 492.3.

7-(3,4-Dimethoxyphenyl)-5-methyl-2-(piperidine-1-carbonyl)thieno[3,2-
c]pyridin-4(5H)-one (2.018a)

0 A mixture of 2.017a (230mg, 0.65mmoal), 3,4-
N R 2 dimethoxyphenyl)boronic acid (147 mg, 0.81 mmoal), K,CO;

M (268 mg, 1.94 mmol) and Pd(PPh3),Cl, (45 mg, 0.07 mmol) in
H,O (1.25mL) and DME (7.5 mL) was heated at 120 °C in a

OM
OMe ° microwave reactor for 0.5 h. The reaction mixture was allowed to

cool to rt and diluted with EtOAc (20 mL). The solution was filtered through Celite®,
passed through a hydrophobic frit and concentrated in vacuo. The resulting residue
was purified by silica gel chromatography (0-5% MeOH in DCM). The appropriate
fractions were combined and solvent evaporated in vacuo. The resulting residue
was purified by MDAP (formic acid). The appropriate fractions were combined and
the solvent was evaporated in vacuo to give 2.018a (121 mg, 45%) as an off white
solid; m.p. 169-171 °C; Vpnay (thin film)/cm™: 2937, 1646 (C=0), 1594 (C=0), 1252,
726; '"H NMR (400 MHz, CDCl;) & ppm 7.82 (s, 1H), 7.22 (s, 1H), 7.14-7.08 (m, 2H),
6.97 (d, J=7.8, 1H), 3.95 (s, 6H), 3.75-3.71 (m, 4H), 3.70 (s, 3H), 1.76-1.61 (m,
6H); *C NMR (101 MHz, CDCl;) & ppm 173.1, 158.8, 149.4, 149.2, 148.9, 137.1,
131.8, 129.6, 128.5, 125.7, 124.2, 120.0, 117.0, 111.7, 110.8, 56.1, 56.0, 37.0, 26.2,
24.5; HRMS (M + H)" calculated for C,,H,sN,0,4S, 413.1530; found 413.1534; LCMS
(formic acid), R; = 0.93 min (100%), MH" = 413.3.

7-(3,4-Dimethoxyphenyl)-N,N,5-trimethyl-4-ox0-4,5-dihydrothieno[3,2-
c]pyridine-2-carboxamide (2.018b)
o] A mixture of 2.017b (70 mg, 0.22 mmol), (3,4-
N B dimethoxyphenylboronic acid (49 mg, 0.27 mmol), K,COs
Y S NMe: (92 mg, 0.67 mmol) and Pd(PPhs),Cl, (14 mg, 0.02 mmol) in
H,O (0.4 mL) and DME (1.7 mL) was heated at 120 °C in a

OMe . .
microwave reactor for 0.5 h. The mixture was allowed to cool to

OMe
rt and diluted with EtOAc (20 mL). The solution was filtered through Celite®, passed

through a hydrophobic frit and concentrated in vacuo. The resulting residue was
purified by MDAP (formic acid). The appropriate fractions were combined and
solvent evaporated in vacuo to give 2.018b (47 mg, 57%) as a white solid; m.p.
127-128 °C; Vmax (thin film)/cm™: 1635 (C=0), 1607 (C=0), 1515, 1256, 734;
'H NMR (400 MHz, CDCl;) & ppm 7.93 (s, 1H), 7.23 (s, 1H), 7.13 (dd, J = 8.2, 2.2,
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1H), 7.10 (d, J = 2.2, 1H), 6.98 (d, J = 8.2, 1H), 3.96 (s, 3H), 3.95 (s, 3H), 3.71 (s,
3H), 3.26 (br.s, 6H); *C NMR (101 MHz, CDCl;) 8 ppm 163.5, 158.8, 149.6, 149.4,
149.2, 137.6, 132.0, 129.9, 128.4, 126.6, 120.1, 117.0, 111.7, 110.8, 56.1, 56.0,
37.0; HRMS (M + H)" calculated for C19H21N,0,S, 373.1217; found 373.1226; LCMS
(formic acid), R; = 0.78 min (100%), MH" = 373.2.

7-(3,4-Dimethoxyphenyl)-N,5-dimethyl-4-0x0-4,5-dihydrothieno[3,2-c]pyridine-
2-carboxamide (2.018c)
o A mixture of 2.017¢ (66mg, 0.22mmol), (3,4-
N\ | Q ZHM dimethoxyphenyl)boronic acid (44 mg, 0.24 mmol), K,CO;
¢ (91 mg, 0.66 mmol) and Pd(PPh;),Cl, (14 mg, 0.02 mmol) in
H,O (0.25 mL) and DME (1.5 mL) was heated at 120 °C in a
OMe ome microwave reactor for 0.5 h. The reaction mixture was allowed
to cool to rt and diluted with EtOAc (15 mL). The solution was filtered through
Celite®, passed through a hydrophobic frit and concentrated in vacuo. The resulting
residue was purified by MDAP (formic acid). The appropriate fractions were
combined and the solvent evaporated in vacuo to give 2.018c (19 mg, 24%) as a
white solid; *H NMR (400 MHz, CDCl3) & ppm 8.12 (s, 1H), 7.24 (s, 1H), 7.14-7.11
(m, 1H), 7.10-7.08 (m, 1H), 6.98 (d, J = 8.1, 1H), 6.57—-6.50 (m, 1H), 3.96 (s, 6H),
3.71 (s, 3H), 3.06 (d, J=4.6, 3H); LCMS (formic acid), R;=0.74 min (98%),
MH" = 359.2.

7-(3,4-Dimethoxyphenyl)-5-methyl-4-0x0-4,5-dihydrothieno[3,2-c]pyridine-2-
carboxamide (2.018d)
0 Method A:

N T ? A mixture of 2.017d (90mg, 0.31 mmol), (3,4-

NS e dimethoxyphenyl)boronic acid (68 mg, 0.37 mmol), K,CO;
(130 mg, 0.94 mmol) and Pd(PPh3),Cl, (20 mg, 0.03 mmol) in

OMe one DME (1.5 mL) and H,O (0.25 mL) was heated to 120 °C for 0.5 h

in a microwave reactor. The solution was allowed to cool to rt and diluted with
EtOAc (15 mL). The solution was filtered through Celite®, passed through a
hydrophobic frit and concentrated in vacuo. The resulting residue was purified by
MDAP (formic acid). The appropriate fractions were combined and the solvent

evaporated in vacuo to give 2.018d (5 mg, 5%) as a white solid.
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Method B:

A solution of 2.021 (300 mg, 0.87 mmol), 1-hydroxybenzotriazole ammonium salt
(2199 mg, 1.30 mmol), EDC (200 mg, 1.04 mmol) and DIPEA (0.30 mL, 1.73 mmol)
in DMF (4 mL) was left to stir at rt for 20 h. The reaction mixture was heated at
40 °C for 6 h and then 50 °C for 18 h. The volatile components were removed in
vacuo. The resulting solid was suspended in EtOAc (30 mL), filtered under reduced
pressure, rinsed with water H,O (40 mL), collected and dried under vacuum at 40 °C
to give 2.018d (268 mg, 90%) as an off white solid; *"H NMR (400 MHz, DMSO-ds)
o ppm 8.31 (s, 1H), 8.23 (br.s, 1H), 7.81 (s, 1H), 7.58 (br.s, 1H), 7.21-7.17 (m, 2H),
7.09 (d, J=8.8, 1H), 3.83 (s, 3H), 3.82 (s, 3H), 3.59 (s, 3H); LCMS (formic acid):
R; = 0.70 min (100%), MH" = 345.2.

Ethyl 7-bromo-5-methyl-4-o0x0-4,5-dihydrothieno[3,2-c]pyridine-2-carboxylate
(2.019)
o lodoethane (0.03 mL, 0.35 mmol) was added to a solution of

N N 2 2.008 (20 mg, 0.07 mmol) and NaHCO; (11 mg, 0.13 mmol) in
X-S  OEt

Br
18 h. The mixture was concentrated in vacuo and the resulting residue was

dissolved in EtOAc (15 mL) and washed with H,O (2 x 20 mL) and brine (20 mL).
The organic layer was passed through a hydrophobic frit and concentrated in vacuo
to give 2.019 (77 mg, 77%) as a brown solid; *H NMR (400 MHz, CDCl;) & ppm 8.39
(s, 1H), 7.41 (s, 1H), 4.41 (q, J = 7.2, 2H), 3.63 (s, 3H), 1.42 (t, J=7.2, 3H); LCMS
(formic acid): R, = 0.99 min (88%), MH" = 316.1, 318.1.

DMF (0.4 mL) and the reaction mixture was left to stir at rt for

7-(3,4-Dimethoxyphenyl)-5-methyl-4-0x0-4,5-dihydrothieno[3,2-c]pyridine-2-
carbaldehyde (2.022)

o A mixture of 2.009 (1.00 g, 3.67 mmol), (3,4-
Y B O dimethoxyphenyl)boronic acid (0.77 g, 4.23 mmol), K,CO; (1.37 g,

NS H 992 mmol) and Pd(PPh3),Cl, (0.23 g, 0.33 mmol) in DME (12 mL)

and H,O (2 mL) was heated at 120 °C in a microwave reactor for

o OMe 0.5 h. The mixture was allowed to cool to rt, diluted with EtOAc
e

(25 mL) and H,O (5 mL) and filtered through Celite®. The filtrate was concentrated in
vacuo. The resulting solid was suspended in EtOAc (50 mL), filtered under reduced
pressure, rinsed with EtOAc (50 mL), collected and dissolved in DMSO (10 mL). The
resulting solution was blown down under a stream of nitrogen at 40 °C to give 2.022
(750 mg, 62%) as a yellow solid; *H NMR (400 MHz, DMSO-dg) & ppm 10.04 (s,
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1H), 8.51 (s, 1H), 7.96 (s, 1H), 7.21-7.17 (m, 2H), 7.11 (d, J = 8.8, 1H), 3.83 (s, 3H),
3.82 (s, 3H), 3.62 (s, 3H); LCMS (formic acid), R, = 0.83 min (95%), MH" = 320.2.

7-(3,4-Dimethoxyphenyl)-5-methyl-4-0x0-4,5-dihydrothieno[3,2-c]pyridine-2-
carboxylic acid (2.021)
Q To a solution of 2.022 (750 mg, 2.27 mmol) in H,O (10 mL) and
N R 2 DMSO (10 mL), sodium chlorite (1.44 g, 15.94 mmol), sodium
dihydrogen phosphate (1.91g, 15.94 mmol) and hydrogen
peroxide (35% weight in H,O, 0.49 mL, 15.94 mmol) were added.
OMe oM The mixture was left to stir at rt for 48 h. The mixture was acidified
to pH 1 with glacial AcOH (15 mL) and concentrated in vacuo (DMSO remained).
Addition of H,O (20 mL) caused precipitation of a solid, which was filtered under
reduced pressure, rinsed with H,O (10 mL), collected and dried under vacuum at
40 °C to give 2.021 (562 mg, 72%) as a light orange solid; m.p. 241-243 °C
(decomp.); Vmax (solid)/cm™: 3002 (O-H), 1704 (C=0), 1635 (C=0), 1251, 744;
'H NMR (400 MHz, DMSO-dg) 8 ppm 13.42 (br.s, 1H), 8.02 (s, 1H), 7.87 (s, 1H),
7.22-7.16 (m, 2H), 7.10 (d, J =8.8, 1H), 3.83 (s, 3H), 3.82 (s, 3H), 3.59 (s, 3H);
3C NMR (101 MHz, DMSO-dg) & ppm 162.7, 157.6, 150.4, 149.1, 148.7, 134.9,
133.0, 130.0, 129.1, 127.9, 119.4, 114.9, 112.2, 111.2, 55.7, 55.6, 36.3; HRMS
(M + H)" calculated for C17H1sNOsS, 346.0744; found 346.0753; LCMS (formic acid),
R; = 0.75 min (100%), MH" = 346.2.

tert-Butyl 4-(7-(3,4-dimethoxyphenyl)-5-methyl-4-0x0-4,5-dihydrothieno[3,2-
c]pyridine-2-carbonyl)piperazine-1-carboxylate (2.023)

o A solution of 2.021 (70mg, 0.20 mmol), tert-butyl
N T O piperazine-1-carboxylate (45mg, 0.24 mmol), HATU
NS <\l_—> (100 mg, 0.26 mmol) and DIPEA (0.07 mL, 0.41 mmol) in
N‘cozfsu DMF (3mL) was stirred at rt for 18 h. The volatile

e OMe components were removed in vacuo and the resulting

residue was dissolved in EtOAc (40 mL), washed with aq.
citric acid (10% w/v, 3 x 30 mL), sat. aqg. NaHCO3 (3 x 30 mL), H,O (30 mL) and

brine (30 mL). The organic layer was passed through a hydrophobic frit and
concentrated in vacuo. This residue was dissolved in DCM (1 mL) and a solid
precipiated upon addition of cyclohexane (5 mL). The solid was filtered under
reduced pressure, collected and dried under vacuum at 40 °C to give 2.023 (76 mg,
73%) as a white solid; *H NMR (400 MHz, CDCl3) & ppm 7.85 (s, 1H), 7.24 (s, 1H),
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7.12 (dd, J=8.2, 2.0, 1H), 7.09 (d, J = 2.0, 1H), 6.98 (d, J = 8.2, 1H), 3.96 (s, 6H),
3.81-3.77 (m, 4H), 3.71 (s, 3H), 3.56-3.52 (m, 4H), 1.51 (s, 9H); LCMS (formic
acid): R;= 1.01 min (100%), MH*514.3.

7-(3,4-Dimethoxyphenyl)-5-methyl-2-(piperidine-4-carbonyl)thieno[3,2-
c]pyridin-4(5H)-one hydrochloride (2.025)
2.023 (30 mg, 0.06 mmol) was dissolved in 4 M HCI in 1,4-

~N Ol N o) dioxane (3 mL) and left to stir at rt for 48 h. The volatile
X~ N components were removed in vacuo and the resulting
Q—NH-HCI residue was dissolved in DCM (1.5 mL). Addition of Et,O
OMe (5 mL) caused precipitation of a solid, which was filtered

OMe

under reduced pressure, rinsed with Et,O (20 mL) and
collected to give 2.025 (20 mg, 76%) as an off white solid; *H NMR (400 MHz,
CDCl3) 6 ppm 10.07 (br.s, 2H), 7.89 (s, 1H), 7.25 (s, 1H), 7.12—-7.07 (m, 1H), 7.07—
7.04 (m, 1H), 6.97 (d, J =8.3, 1H), 4.26-4.15 (m, 4H), 3.95 (s, 3H), 3.94 (s, 3H),
3.69 (s, 3H), 3.47-3.32 (m, 4H); LCMS (formic acid): R;=0.60 min (100%), MH"
414.2.

tert-Butyl methyl(2-(methylsulfonamido)ethyl)carbamate (2.027)

‘BUO,C. ~_NHSO:Me TO a solution of 2.026 (0.2 mL, 1.15 mmol) and triethylamine
! (0.32mL, 2.30 mmol) in DCM (4.5 mL), methanesulfonyl

chloride (0.1 mL, 1.26 mmol) was added at 0 °C. The mixture was allowed to warm

to rt and left to stir for 22 h. The reaction mixture was diluted with DCM (20 mL) and

washed with 0.5 M aq. HCI (2 x 25 mL), sat. aq. NaHCO3 (2 x 25 mL) and brine

(30 mL). The organic layer was passed through a hydrophobic frit and concentrated
in vacuo to give 2.027 (239 mg, 83%) as a colourless oil; *H NMR (400 MHz, CDCl5)
0 ppm 5.06 (br.s, 1H), 3.44 (t, J=5.7, 2H), 3.32 (t, J =5.7, 2H), 2.93 (s, 3H), 2.92
(s, 3H), 1.49 (s, 9H).

N-(2-(Methylamino)ethyl)methanesulfonamide hydrochloride (2.028)

ol un\NHSOMe 2,027 (239 mg, 0.95 mmol) was dissolved in 4 M HCI in 1,4-
dioxane (3 mL) and the reaction mixture was left to stir at rt for

18 h. The volatile components were removed in vacuo to give 2.028 (178 mg,

quant.) as a white solid; *"H NMR (400 MHz, CDCl;) & ppm 3.42 (t, J = 5.6, 2H), 3.32

(t, J=5.6, 2H), 3.02 (s, 3H), 2.75 (s, 3H).
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7-(3,4-Dimethoxyphenyl)-N,5-dimethyl-N-(2-(methylsulfonamido)ethyl)-4-oxo-
4,5-dihydrothieno[3,2-c]pyridine-2-carboxamide (2.024)
A mixture of 2.021 (100 mg, 0.29 mmol), 2.028 (53 mg,

~\ OI N o) 0.35 mmol), HATU (143 mg, 0.38 mmol) and DIPEA
NPT /N_\_NHsone (0.1 mL, 0.58 mmol). in DMF (3 mL) was left to stir at .rt
for 18 h. The volatile components were removed in
OMe vacuo and the resulting residue was dissolved in

OMe

EtOAc (50 mL) and washed with ag. citric acid (10%
w/v, 3 x 30 mL), sat. aq. NaHCO3 (3 x 30 mL), H,O (30 mL) and brine (30 mL). The
organic layer was passed through a hydrophobic frit and concentrated in vacuo. The
resulting residue was purified by MDAP (formic acid). The appropriate fractions were
combined and the solvent evaporated in vacuo to give 2.024 (38 mg, 27%) as a pale
yellow oil; *H NMR (400 MHz, CDCl;) & ppm 7.92 (s, 1H), 7.20 (s, 1H), 7.07-7.04
(m, 1H), 7.03 (d, J=1.7, 1H), 6.93 (d, J =8.3, 1H), 5.92 (br.s, 1H), 3.93 (s, 3H),
3.91 (s, 3H), 3.80-3.74 (m, 2H), 3.65 (s, 3H), 3.51-3.43 (m, 3H), 3.43-3.34 (m, 2H),
2.97 (s, 3H); LCMS (formic acid): R; = 0.74 min (100%), MH" 480.2.

2-Methyl-3H-imidazo[4,5-c]pyridin-4(5H)-one (2.039)
Q A suspension of 2.040 (2.00g, 13.90 mmol) in AcOH (16 mL,
H'\&N»_ 279.00 mmol) was heated at 160 °C in a microwave reactor for 3 h.
NN Addition of MeCN (10 mL) caused precipitation of a solid, which was
filtered under reduced pressure, rinsed with MeCN (50 mL), collected and dried
under vacuum at 40 °C to give 2.039 (2.20 g, quant.) as an off white solid; *H NMR
(400 MHz, CD3;0D) & ppm 7.49 (d, J=7.1, 1H), 6.74 (d, J=7.1, 1H), 2.80 (s, 3H);
LCMS (formic acid) R; = 0.19 min (100%), MH* 149.9.

7-Bromo-2-methyl-3H-imidazo[4,5-c]pyridin-4(5H)-one (2.038)
H A suspension of 2.039 (1.50g, 10.00 mmol) and NBS (2.70g,
H"¢[:,>— 15.09 mmol) in DMF (60 mL) was heated at 65 °C for 6 h. The volatile
Br components were removed in vacuo and the resulting solid was
suspended in Et,O (30 mL). The suspension was filtered under reduced pressure,
rinsed with Et,O (50 mL), collected and dried under vacuum at 40 °C. The resulting
solid was purified by silica gel chromatography (0-10% 2 M NH; in MeOH in DCM).
The appropriate fractions were combined and the solvent evaporated in vacuo to
give 2.038 (733 mg, 32%) as a grey solid; "H NMR (400 MHz, CDCl;) & ppm 7.72 (s,

1H), 2.84 (s, 3H); LCMS (formic acid) R, = 0.36 min (100%), MH" 228.0, 230.0.
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7-Bromo-2-methyl-3-((2-(trimethylsilyl)ethoxy)methyl)-3H-imidazo[4,5-

c]pyridin-4(5H)-one (2.037a) and 7-bromo-2-methyl-1-((2-
(trimethylsilyl)ethoxy)methyl)-1H-imidazo[4,5-c]pyridin-4(5H)-one (2.037b)
SiMes o To a solution of 2.038 (733 mg, 3.21 mmol), in
HN Ny DMF (25 mL), SEMCI (0.9 mL, 4.82 mmol) was
o -0 « [ >
HN N '} added drop-wise and the reaction mixture was
B
N I N’>_ " g left to stir at rt for 18 h. The solution was diluted
Br i with EtOAc (50 mL) and the organic layer was
1vies

2.037a 2.037b washed with sat. ag. NaHCO; (50 mL), passed
through a hydrophobic frit and concentrated in
vacuo. The resulting residue was purified by silica gel chromatography (0—10% 2 M
NH; in MeOH in DCM). The appropriate fractions were combined and solvent
evaporated in vacuo to give 2.037a (major) and 2.037b (minor) (768 mg, 67%) as a
yellow oil and a 5:1 mixture of regioisomers; Major isomer: *H NMR (400 MHz,
CDCl3) & ppm 7.34 (s, 1H), 5.92 (s, 2H), 3.69-3.60 (m, 2H), 2.68 (s, 3H), 0.94-0.88
(m, 2H), -0.03 (s, 9H), LCMS (formic acid) R; = 0.97 min (88%), MH" 358.1, 360.1;
Minor isomer: *H NMR (400 MHz, CDCl;) & ppm 7.24 (s, 1H), 5.89 (s, 2H), 3.69—
3.60 (m, 2H), 2.67 (s, 3H), 0.94-0.88 (m, 2H), —0.05 (s, 9H); LCMS (formic acid)
R, = 0.96 min (11%), MH" 358.1, 360.1.

7-Bromo-2,5-dimethyl-3-((2-(trimethylsilyl)ethoxy)methyl)-3H-imidazo[4,5-

c]pyridin-4(5H)-one (2.036a) and 7-Bromo-2,5-dimethyl-1-((2-
(trimethylsilyl)ethoxy)methyl)-1H-imidazo[4,5-c]pyridin-4(5H)-one (2.036b)

SiMes o To a solution of 2.037a and 2.037b (768 mg,

° /’OH \iﬁ:&_ 2.1.4 mrT10I) | in DMF (16.5mL), NaH (60%

N N ) weight in mineral oil, 103 mg, 2.57 mmol) and

@N»_ e Mel (0.2 mL, 2.36 mmol) were added at 0 °C.

Br v, The reaction mixture was allowed to warm to rt

2.036a 2.036b and left to stir for 6 h. Mel (0.1 mL, 1.1 mmol)

was added and the reaction mixture was left to stir for a further 18 h. The solution
was diluted with EtOAc (50 mL), washed with sat. ag. NH,Cl (60 mL) and brine
(60 mL), passed through a hydrophobic frit and concentrated in vacuo to give
2.036a (major) and 2.036b (minor) (784 mg, 98%) as a yellow solid and 5:1 ratio of
regioisomers; Major isomer: *H NMR (400 MHz, CDCl3) & ppm 7.32 (s, 1H), 5.96—
5.94 (m, 2H), 3.68-3.62 (m, 5H), 2.68-2.67 (m, 3H), 0.94-0.89 (m, 2H), —-0.01 (s,
9H); LCMS (formic acid) R;=1.10 min (79%), MH" 372.0, 374.0; Minor isomer:
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'H NMR (400 MHz, CDCl;) & ppm 7.22 (s, 1H), 5.96-5.94 (m, 2H), 3.68-3.62 (m,
5H), 2.68-2.67 (m, 3H), 0.94-0.89 (m, 2H), -0.01 (s, 9H); LCMS (formic acid)
R = 1.09 min (14%), MH" 372.0, 374.0.

7-Bromo-2,5-dimethyl-3H-imidazo[4,5-c]pyridin-4(5H)-one (2.035)
H To a solution of 2.036a and 2.036b (794 mg, 2.13 mmol) in DCM
\'\@N,)_ (30 mL), TFA (3.3 mL, 42.7 mmol) was added. The reaction mixture
\Br N was left to stir at rt for 24 h. The volatile components were removed in
vacuo and the resulting residue was suspended in Et,O (50 mL), filtered under
reduced pressure, rinsed with Et,O (50 mL), collected and dried under vacuum at
40 °C to give 2.035 (422 mg, 82%) as a white solid; m.p. 274-276 °C; Vmax
(solid)/cm™: 3016 (N-H), 1647 (C=0), 1546, 1143, 699; *H NMR (400 MHz, CD;0D)
& ppm 7.81 (s, 1H), 3.66 (s, 3H), 2,67 (s, 3H); **C NMR (101 MHz, CD;0D) & ppm
155.8, 153.9, 142.7, 135.9, 124.4, 89.5, 37.3, 13.5; HRMS (M + H)" calculated for
CgHoBrN;z;O, 241.9924; found 241.9926; LCMS (formic acid) R;=0.42 min (90%),
MH" 242.0, 244.0.

7-(3,4-Dimethoxyphenyl)-2,5-dimethyl-3H-imidazo[4,5-c]pyridin-4(5H)-one
(2.032)

o A mixture of 2.035 (50 mg, 0.21 mmol), (3,4-dimethoxyphenyl)boronic

N | N/>_ acid (45 mg, 0.25 mmol), PEPPSI-'Pr (13 mg, 0.02 mmol) and K,CO,
NN (63 mg, 0.46 mmol) in IPA (3 mL) and H,0 (1mL) was heated at
120 °C in a microwave reactor for 0.5 h. The solution was allowed to

OMe ome cool to rt and diluted with EtOAc (50 mL). The solution was filtered

through Celite®, passed through a hydrophobic frit and concentrated in vacuo. The
resulting residue was purified by MDAP (high pH). The appropriate fractions were
combined and concentrated in vacuo to give 2.032 (20 mg, 32%) as a white solid;
m.p. 249-250 °C; Vmax (thin film)/cm™: 1652 (C=0), 1509, 1233, 1136, 1027, 813;
'H NMR (400 MHz, CD;0OD) & ppm 7.48 (s, 1H), 7.30-7.27 (m, 1H), 7.23 (dd,
J=8.2,2.0, 1H), 7.07 (d, J = 8.2, 1H), 3.93 (s, 3H), 3.90 (s, 3H), 3.72 (s, 3H), 2.57
(s, 3H); *C NMR (101 MHz, CD;0D) & ppm 156.0, 153.8, 150.7, 150.4, 131.8,
128.9, 121.9, 113.4, 113.4, 56.6, 56.6, 37.0, 14.1, N.B. 3 carbon signals not visible
in spectrum; HRMS (M + H)" calculated for C,6H1sN303, 300.1343; found 300.1342;
LCMS (formic acid) R, = 0.57 min (100%), MH" 300.2.
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7-Bromo-2,5-dimethylfuro[3,2-c]pyridin-4(5H)-one (2.042)
o Triethylsilane (0.4 mL, 2.34 mmol) was added in a single portion to

N N solution of 2.041 (150 mg, 0.59 mmoal) in TFA (5 mL, 0.59 mmol). The
NS

~N

L reaction mixture was heated at 40 °C and left to stir for 18 h. The
volatile components were removed in vacuo and the resulting residue was purified
by silica gel chromatography (0-100% EtOAc in cyclohexane). The appropriate
fractions were combined and solvent evaporated in vacuo to give 2.042 (140 mg,
99%) as an off white solid; *"H NMR (400 MHz, CD;0D) & ppm 7.32 (s, 1H), 6.67 (s,
1H), 3.63 (s, 3H), 2.48 (s, 3H); LCMS (formic acid) R, = 0.77 min (84%), MH" 242.0,

244.0.

7-(3,4-Dimethoxyphenyl)-2,5-dimethylfuro[3,2-c]pyridin-4(5H)-one (2.034)
o A mixture of 2.042 (140 mg, 0.59 mmol), (3,4-
R dimethoxyphenyl)boronic acid (126 mg, 0.69 mmol), PEPPSI-Pr
(35 mg, 0.05 mmol) and K,CO3 (192 mg, 1.39 mmol) in IPA (1.5 mL)
and H,O (0.5 mL) was heated at 120 °C in a microwave reactor for

b4

OMe
OMe 0.5 h. The reaction mixture was allowed to stand at rt for 48 h and

then diluted with EtOAc (30 mL). The solution was filtered through Celite®, passed
through a hydrophobic frit and concentrated in vacuo. The resulting residue was
purified by MDAP (formic acid). The appropriate fractions were combined and
concentrated in vacuo to give 2.034 (62 mg, 36%) as a white solid; m.p. 84-85 °C;
Vmax (solid)/cm™ 1513 (C=0), 1254, 1233, 808, 762; ‘H NMR (400 MHz, DMSO-d)
7.84 (s, 1H), 7.30 (dd, J=8.3, 2.0, 1H), 7.27 (d, J = 2.0, 1H), 7.06 (d, J = 8.3, 1H),
6.63 (d, J=1.1, 1H), 3.83 (s, 3H), 3.80 (s, 3H), 3.57 (s, 3H), 2.43 (d, J=1.1, 3H);
3C NMR (101 MHz, DMSO-d¢) 157.6, 156.0, 153.8, 148.9, 148.3, 132.4, 125.2,
119.6, 116.0, 112.1, 110.9, 108.7, 102.9, 55.64, 55.57, 36.1, 13.4; HRMS (M + H)"
calculated for C;7Hi;gNO, 300.1235; found 300.1230; LCMS (formic acid)
R; = 0.89 min (100%), MH" 300.2.

7-Bromothieno[3,2-c]pyridin-4(5H)-one (2.051)

o} To a solution of 2.050 in DMF (8.5 mL), NBS (224 mg, 1.26 mmol.) was
HN Y added in a single portion. The reaction mixture was left to stir at rt for
Y S 20 h. The volatile components were removed in vacuo and the resulting
residue was partitioned between DCM (30 mL) and H,O (30 mL). The

organic phase was separated and the aqueous extracted with DCM (3 x 30 mL).

Br

The combined organic layers were passed through a hydrophobic frit and
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concentrated in vacuo to give 2.051 (257 mg, 84%) as a brown solid; *H NMR
(400 MHz, CDCl3) & ppm 8.58 (br.s, 1H), 8.04 (s, 1H), 7.78 (d, J = 5.4, 1H), 7.45 (d,
J =5.4, 1H); LCMS (formic acid): R, = 0.71 min (62%), MH" 130.2, 132.2.

7-Bromo-5-methylthieno[3,2-c]pyridin-4(5H)-one (2.052)
Q To a solution of 2.051 (257 mg, 1.12 mmol) and Cs,CO; (1.1g,

\® 3.35 mmol) in THF (7 mL), Mel (0.14 mL, 2.23 mmol) was added. The
NS

Br reaction mixture was left to stir at rt for 20 h. The volatile components
were removed in vacuo followed by the addition of H,O (40 mL). The suspension
was left to stir for 10 minutes before being filtered under reduced pressure, collected
and dried under vacuum at 40 °C to give 2.052 (56 mg, 59%) as a brown solid;
'H NMR (400 MHz, CDCl3) & ppm 7.77 (d, J=5.3, 1H), 7.39 (d, J=5.3, 1H), 7.33

(s, 1H), 3.64 (s, 3H); LCMS (formic acid): R, = 0.79 min (88%), MH* 244.1, 246.1.

7-(3,4-Dimethoxyphenyl)-5-methylthieno[3,2-c]pyridin-4(5H)-one (2.043)

o A mixture of 2.052 (160 mg, 0.65 mmol), (3,4-dimethoxyphenyl)boronic
~ \ acid (143 mg, 0.79 mmol), K,CO; (217mg, 1.57 mmol) and
X8 PEPPSI-'Pr (40 mg, 0.06 mmol) in IPA (2.1 mL) and H,O (0.7 mL) was

heated to 120 °C in a microwave reactor for 0.5 h. The mixture was

pd

oMe allowed to cool to rt and diluted with EtOAc (100 mL). The solution was
OMe filtered through Celite®, passed through a hydrophobic frit and
concentrated in vacuo. The resulting residue was purified by silica gel
chromatography (0-5% MeOH in DCM). The appropriate fractions were combined
and concentrated in vacuo. The resulting residue was purified by MDAP (formic
acid). The appropriate fractions were combined and the solvent evaporated in vacuo
to give 2.043 (64 mg, 32%) as a pale yellow solid; m.p. 177-178 °C; Vmax
(solid)/cm™: 1652 (C=0), 1511, 1256, 1027, 714; ‘H NMR (400 MHz, DMSO-ds)
O ppm 7.70 (s, 1H), 7.64 (d, J =5.4, 1H), 7.58 (d, J =5.4, 1H), 7.20-7.18 (m, 1H),
7.16 (d, J=2.2, 1H), 7.08 (d, J =8.1, 1H), 3.83 (s, 3H), 3.81 (s, 3H), 3.59 (s, 3H);
3C NMR (101 MHz, DMSO-dg) 157.7, 149.0, 148.5, 147.0, 132.0, 129.5, 128.6,
125.6, 124.9, 119.4, 115.1, 112.2, 111.2, 55.6, 36.1; HRMS (M + H)" calculated for
C16H16NO3S, 302.0851; found 302.0845; LCMS (formic acid): R; = 0.85 min (100%),

MH" 302.2.

215



GSK CONFIDENTIAL INFORMATION — DO NOT COPY

7-(3,4-Dimethoxyphenyl)-2-(hydroxymethyl)-5-methylthieno[3,2-c]pyridin-
4(5H)-one (2.047)
Q To a solution of 2.022 (200 mg, 0.61 mmol) in EtOH (2 mL),
N NaBH, (115 mg, 3.04 mmol) was added and the reaction mixture
was left to stir at rt for 18 h. The solution was quenched with 2 M
ag. HCI (3 mL) and left to stir for 3 h and then concentrated in
OMe oMe vacuo. The resulting residue was purified by MDAP (formic acid).
The appropriate fractions were combined and solvent evaporated in vacuo to give
2.047 (10 mg, 5%) as a white solid; *H NMR (400 MHz, CD;0D) & ppm 7.54 (s, 1H),
7.53-7.52 (m, 1H), 7.22—7.19 (m, 2H), 7.09 (d, J = 8.3, 1H), 4.83-4.82 (m, 2H), 3.91
(s, 3H), 3.91 (s, 3H), 3.71 (s, 3H); LCMS (formic acid): R; = 0.72 min (100%), MH"
332.1.

7-Bromo-2-ethyl-5-methylthieno[3,2-c]pyridin-4(5H)-one (2.054)
0 To a solution of 2.009 (250 mg, 0.92 mmol) in THF (3mL), 1 M
N MeMgBr in Bt,O (1.4 mL, 1.40 mmol) was added at -78 °C. The
L reaction mixture was allowed to warm to rt and left to stir for 18 h.
The solution was diluted with H,O (30 mL) and extracted into EtOAc (3 x 30 mL).
The combined organic layers were washed with sat. ag. NH,Cl (60 mL), passed
through a hydrophobic frit and concentrated in vacuo. The resulting solid was
purified by silica gel chromatography (0-4% MeOH in DCM). The appropriate
fractions were combined and the solvent evaporated in vacuo to give 2.053 (71 mg,
27%), which was used in the next step without further purification. To a solution of
2.053 in TFA (2 mL), triethylsilane (0.16 mL, 0.97 mmol) was added and the reaction
mixture was heated at 40 °C for 18 h. Triethylsilane (0.08 mL, 0.49 mmol) was
added and the reaction mixture was stirred for a further 20 h at 40 °C. The solution
was allowed to cool to rt and diluted with H,O (30 mL). The aqueous phase was
extracted with EtOAc (3 x 30 mL) and the combined organic layers were washed
with sat. ag. NaHCO; (3 x 50 mL), passed through a hydrophobic frit and
concentrated in vacuo. The resulting residue was purified by silica gel
chromatography (0—4% MeOH in DCM). The appropriate fractions were combined
and solvent evaporated in vacuo to give 2.054 (45 mg, 18% over two steps) as a
pale yellow solid; *H NMR (400 MHz, CDCl;) & ppm 7.45-7.43 (m, 1H), 7.29-7.26
(m, 1H), 3.61 (s, 3H), 2.92 (q, J =7.6, 2H), 1.37 (t, J = 7.6, 3H); LCMS (formic acid)
R; = 1.01 min (52%), MH" 272.0, 274.0.
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7-(3,4-Dimethoxyphenyl)-2-ethyl-5-methylthieno[3,2-c]pyridin-4(5H)-one (2.044)
0 A mixture of 2.054 (45 mg, 0.17 mmol), (3,4-
TN dimethoxyphenyl)boronic acid (36 mg, 0.12 mmol), K,CO; (50 mg,
0.36 mmol) and PEPPSI-'Pr (10 mg, 0.02 mmol) in IPA (1.5 mL) and
H,O (0.5 mL) was heated at 120 °C in a microwave reactor for 0.5 h.
OMe M The solution was allowed to cool to rt and diluted with EtOAc
(50 mL). The solution was filtered through Celite®, passed through a hydrophobic frit
and concentrated in vacuo. The resulting residue was purified by MDAP (formic
acid). The appropriate fractions were combined and concentrated in vacuo to give
2.044 (15 mg, 29%) as a pale yellow solid; *H NMR (400 MHz, CDCl;) & ppm 7.44—
7.43 (m, 1H), 7.13-7.09 (m, 3H), 6.97 (d, J=7.8, 1H), 3.96 (s, 6H), 3.69 (s, 3H),
291 (q,J=7.6, 2H), 1.37 (t, J = 7.6, 3H); LCMS (formic acid) R; = 1.01 min (97%),
MH* 330.0.

Ethyl 7-(3,4-dimethoxyphenyl)-5-methyl-4-o0x0-4,5-dihydrothieno[3,2-
c]pyridine-2-carboxylate (2.020)
o] To a solution of 2.021 (250 mg, 0.72 mmol) and NaHCO;

R 2 (122 mg, 1.45 mmol) in DMF (3.5 mL), Etl (0.3 mL, 3.62 mmol)

YOS o—\ was added. The reaction mixture was left to stir for 18 h at rt. Etl

(0.1 mL, 1.45mmol) and NaHCO; (61 mg, 0.7 mmol) were

OMe ome added and the reaction was left to stir for 2 h at rt, then at 50 °C

for 18 h. The volatile components were removed in vacuo and the resulting residue

was dissolved in EtOAc (50 mL). The organic layer was washed with H,O (3 x

50 mL) and brine (50 mL), passed through a hydrophobic frit and concentrated in

vacuo to give 2.020 (238 mg, 88%) as a grey solid; *H NMR (400 MHz, CDCl,)

d ppm 8.40 (s, 1H), 7.26 (s, 1H), 7.12 (dd, J = 8.2, 2.0, 1H), 7.07 (d, J = 2.0, 1H),

6.99 (d, J = 8.2, 1H), 4.40 (q, J = 7.1, 2H), 3.97 (s, 6H), 3.70 (s, 3H), 1.41 (t, I = 7.1,
3H); LCMS (formic acid) R; = 1.00 min (98%), MH"* 374.1.

7-(3,4-Dimethoxyphenyl)-2-(2-hydroxypropan-2-yl)-5-methylthieno[3,2-
c]pyridin-4(5H)-one (2.049)
o To a solution of 2.020 (211 mg, 0.57 mmol) in THF (3.5 mL), 3 M
NN MeMgBr in Et,O (0.5 mL, 1.41 mmol) was added drop-wise at
0 °C. The reaction mixture was allowed to warm to rt and was left
to stir for 3 h. 3M MeMgBr in Et,O (0.2 mL, 0.60 mmol) was
OMe

OMe added and the reaction mixture was left to stir for a further 0.5 h.
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The solution was quenched with sat. aq. NH4CI (30 mL) and left to stand overnight.
The aqueous phase was extracted into EtOAc (5 x 50 mL) and the combined
organic layers were passed through a hydrophobic frit and concentrated in vacuo to
give 2.049 (191 mg, 94%) as an orange solid; *H NMR (400 MHz, CDCl;) & ppm
7.52 (s, 1H), 7.12-7.09 (m, 2H), 7.05 (d, J = 2.0, 1H), 6.96 (d, J = 8.3, 1H), 3.95 (s,
3H), 3.93 (s, 3H), 3.67 (s, 3H), 1.72 (s, 6H); LCMS (formic acid) R;=0.81 min
(98%), MH" 360.2.

7-(3,4-Dimethoxyphenyl)-2-isopropyl-5-methylthieno[3,2-c]pyridin-4(5H)-one
(2.045)

0 To a solution of 2.049 (161 mg, 0.45 mmol) in TFA (3.5 mL),
N TN triethylsilane (0.36 mL, 2.24 mmol) was added drop-wise. The
reaction mixture was heated at 40 °C for 5h. The solution was

allowed to cool to rt and diluted with H,O (50 mL). The aqueous
OMe
OMe

organic layers were washed with sat. aq. NaHCO; (3 x 50 mL), passed through a

phase was extracted with EtOAc (4 x 50 mL) and the combined

hydrophobic frit and concentrated in vacuo. The resultant residue was purified by
MDAP (formic acid). The appropriate fractions were combined and solvent
evaporated in vacuo to give 2.045 (45 mg, 29%) as an orange oil; m.p. 152-153 °C;
Vimax (solid)/cm™: 1649 (C=0), 1513, 1252, 1237, 766; ‘*H NMR (400 MHz, DMSO-d)
O ppm 7.64 (s, 1H), 7.29 (d, J=1.0, 1H), 7.17-7.13 (m, 2H), 7.09-7.05 (m, 1H),
3.82 (s, 3H), 3.81 (s, 3H), 3.57 (s, 3H), 3.26-3.17 (m, 1H), 1.13 (d, J=6.8, 6H);
3C NMR (101 MHz, DMSO-dg) & ppm 157.1, 151.6, 148.7, 148.3, 145.0, 131.3,
129.1, 128.4, 119.3, 119.2, 114.9, 111.9, 111.1, 55.5, 55.4, 35.9, 29.2, 24.0; HRMS
(M + H)" calculated for C19H»,NO3S 344.1319; found 344.1315; LCMS (formic acid)
R; = 1.07 min (96%), MH" 344.1.

7-Bromo-5-methyl-2-((methylamino)methyl)thieno[3,2-c]pyridin-4(5H)-one
(2.0564a)
o A mixture of 2.009 (250 mg, 0.92 mmol) and 2 M methylamine in

N R MeOH (1.4 mL, 276 mmol) in MeOH (3.5mL) and AcOH

XS HN—
Br

(108 mg, 1.01 mmol) was added and the solution was left to stir for 20 h. The

(0.35 mL) was heated to 50 °C for 4 h. Picoline borane complex
volatile components were removed in vacuo and the resulting residue was diluted

with sat. ag. NaHCO;3; (40 mL). The aqueous phase was extracted with DCM (3 x

40 mL) and the combined organic layers were passed through a hydrophobic frit and
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concentrated in vacuo. The resulting residue was purified by silica gel
chromatography (0—7% 2 M NH; in MeOH in DCM). The appropriate fractions were
combined and solvent evaporated in vacuo to give 2.056a (126 mg, 48%) as a
yellow solid; *H NMR (400 MHz, CDCl;) & ppm 7.54 (s, 1H), 7.27 (s, 1H), 4.01-3.98
(m, 2H), 3.61 (s, 3H), 2.50 (s, 3H); LCMS (formic acid): R, = 0.45 min (98%), MH"
287.0, 289.0.

7-Bromo-2-(((2-hydroxyethyl)(methyl)amino)methyl)-5-methylthieno[3,2-
c]pyridin-4(5H)-one (2.056b)

o A mixture of 2.009 (250mg, 0.92mmol), 2-
N B (methylamino)ethanol (0.15mL, 1.84 mmol) in AcOH
\Br S /N—\_OH (0.35 mL) and MeOH (3.5 mL) was left to stir at rt for 20

minutes. Picoline borane complex (108 mg, 1.01 mmol) was
added and the solution was heated at 50 °C for 18 h. The volatile components were
removed in vacuo and the resulting residue was diluted with sat. ag. NaHCO3;
(30 mL). The aqueous phase was extracted with DCM (3 x 30 mL) and the
combined organic layers were passed through a hydrophobic frit and concentrated
in vacuo. The resulting residue was purified by silica gel chromatography (0-4%
MeOH in DCM). The appropriate fractions were combined and concentrated in
vacuo to give 2.056b (66 mg, 22%) as a colourless oil; m.p. 134-135 °C; Vnax
(solid)/cm™: 3342 (O-H), 2801, 1635 (C=0), 1578, 1037, 765; '"H NMR (400 MHz,
CDCl;) & ppm 7.54 (s, 1H), 7.28 (s, 1H), 3.84 (s, 2H), 3.67 (t, J =5.4, 2H), 3.61 (s,
3H), 2.67 (t, J=5.4, 2H), 2.33 (s, 3H); *C NMR (101 MHz, CDCl;) & ppm 158.1,
149.1, 143.8, 132.4, 129.9, 123.9, 93.6, 58.6, 58.3, 57.0, 41.6, 36.9; HRMS (M + H)"
calculated for Ci,H;6BrN,O,S 331.0110; found 331.0123; LCMS (formic acid):
R = 0.45 min (100%), MH" 331.1, 333.1.

7-Bromo-2-(((1,1-dioxidotetrahydrothiophen-3-yl)amino)methyl)-5-
methylthieno[3,2-c]pyridin-4(5H)-one (2.056c¢)
o A mixture of 2.009 (250mg, 0.92 mmal), 3-
\w aminotetrahydrothiophene-1,1-dioxide (199 mg, 1.47 mmol)
NS HN4<;S°2 in MeOH (3.5 mL) and AcOH (0.35 mL) was left to stir for
Br 3 h at 50 °C. Picoline borane complex (108 mg, 1.01 mmol)
was added and the reaction mixture was left to stir for 4 h at 50 °C. The volatile

components were removed in vacuo and the resulting residue was diluted with sat.

ag. NaHCO; (40 mL). The aqueous phase was extracted with DCM (3 x 40 mL) and
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the combined organic layers were passed through a hydrophobic frit and
concentrated in vacuo. The resulting residue was purified by silica gel
chromatography (0—4% MeOH in DCM). The appropriate fractions were combined
and evaporated in vacuo to give 2.056c (340 mg, 95%) as a pale yellow solid;
'H NMR (400 MHz, CDCl;) & ppm 7.57 (s, 1H), 7.28 (s, 1H), 4.13-4.06 (m, 2H),
3.74-3.67 (m, 1H), 3.63 (s, 3H), 3.37-3.29 (m, 2H), 3.12-3.04 (m, 1H), 2.99-2.93
(m, 1H), 2.53-2.43 (m, 1H), 2.20-2.10 (m, 1H); LCMS (formic acid): R; = 0.50 min
(100%), MH" 391.1, 393.1.

7-Bromo-2-(((1,1-dioxidotetrahydro-2H-thiopyran-4-yl)amino)methyl)-5-
methylthieno[3,2-c]pyridin-4(5H)-one (2.056d)

o A mixture of 2.009 (250mg, 0.92 mmol) and 4-
\w aminotetrahydro-2H-thiopyran-1,1-dioxide  hydrochloride

\Br ° ”N_CS°2 (200 mg, 1.47 mmol) in MeOH (3.5mL) and AcOH
(0.35mL) was left to stir at 50 °C for 4 h. Picoline borane complex (108 mg,
1.01 mmol) was added and the reaction mixture was left to stir at 50 °C for 20 h. The
volatile components were removed in vacuo and the resulting residue was diluted
with sat. ag. NaHCO; (40 mL). The aqueous phase was extracted with DCM (3 x
40 mL) and the combined organic layers were passed through a hydrophobic frit and
concentrated in vacuo. The resulting residue was purified by silica gel
chromatography (0—4% MeOH in DCM). The appropriate fractions were combined
and solvent evaporated in vacuo to give 2.056d (210 mg, 56%) as a pale yellow
solid; *H NMR (400 MHz, CDCl;) & ppm 7.56 (s, 1H), 7.31 (s, 1H), 4.08-4.07 (m,
2H), 3.63 (s, 3H), 3.37-3.28 (m, 2H), 3.04-2.98 (m, 1H), 2.95-2.87 (m, 2H), 2.36—
2.27 (m, 2H), 2.16-2.07 (m, 2H); LCMS (formic acid): R; = 0.47 min (100%), MH"
405.0, 407.0.

7-(3,4-Dimethoxyphenyl)-5-methyl-2-((methylamino)methyl)thieno[3,2-

c]pyridin-4(5H)-one (2.055a)

0 A mixture of 2.056a (126 mg, 0.44 mmol), (3,4-
R dimethoxyphenyl)boronic acid (96 mg, 0.53 mmol), PEPPSI-Pr
NS HN= (57 mg, 0.04mmol) and K,COs (133 mg, 0.97 mmol) in H,0

(I mL) and IPA (3 mL) was heated at 120 °C in a microwave
OMe OMe reactor for 0.5 h. The reaction mixture was allowed to cool to rt
and diluted with EtOAc (30 mL). The solution was filtered through Celite®, passed

through a hydrophobic frit and concentrated in vacuo. The resultant residue was
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dissolved in MeOH (15 mL) and passed through a preconditioned (MeOH, 10 mL)
aminopropyl column (10g). The appropriate fractions were collected and
concentrated in vacuo. The resulting residue purified by MDAP (high pH) The
appropriate fractions were combined and concentrated in vacuo to give 2.055a
(66 mg, 44%) as a pale yellow oil; *H NMR (400 MHz, CDCls) & ppm 7.54 (s, 1H),
7.15-7.10 (m, 2H), 7.09-7.07 (m, 1H), 6.95 (d, J = 7.6, 1H), 4.03-3.98 (m, 2H), 3.95
(s, 6H), 3.68 (s, 3H), 2.63-2.62 (m, 1H), 2.49 (s, 3H); LCMS (formic acid):
R, = 0.58 min (100%), MH" 345.2.

7-(3,4-Dimethoxyphenyl)-2-(((2-hydroxyethyl)(methyl)amino)methyl)-5-
methylthieno[3,2-c]pyridin-4(5H)-one (2.055b)
o) A mixture of 2.056b (60mg, 0.18 mmol), (3,4-
N\ R dimethoxyphenyl)boronic acid (40 mg, 0.22 mmol), K,COs
s /N_\_OH (55 mg, 0.40 mmol) and PEPPSI-Pr (12 mg, 0.02 mmol) in
H,O (0.5 mL) and IPA (1.5 mL) was heated at 120 °C in a

OMe . . .
microwave for 0.5 h. The reaction mixture was allowed to

OMe
cool to rt and diluted with EtOAc (50 mL). The solution was filtered through Celite®,

passed through a hydrophobic frit and concentrated in vacuo. The resulting residue
was purified by MDAP (formic acid). The appropriate fractions were combined and
concentrated in vacuo. The resulting residue was dissolved in MeOH (4 mL) and
passed through a preconditioned (MeOH, 10 mL) amino propyl column (10 g). The
appropriate fractions were combined and concentrated in vacuo to give 2.055b
(62 mg, 88%) as a colourless oil; vma (thin film)/cm™: 3398 (O-H), 1637 (C=0),
1513, 1253, 1024, 726; 'H NMR (400 MHz, DMSO-dg) & ppm 7.53 (s, 1H), 7.13 (s,
1H), 7.10 (dd, J=8.3, 2.0, 1H), 7.06 (d, J = 2.0, 1H), 6.95 (d, J =8.3, 1H), 3.93 (s,
6H), 3.82 (s, 2H), 3.67 (s, 3H), 3.62 (t, J=5.4, 2H), 2.63 (t, J=5.4, 2H), 2.31 (s,
3H); **C NMR (101 MHz, DMSO-dg) 5 ppm 158.2, 149.0, 148.7, 147.8, 142.2, 130.0,
129.7, 128.6, 123.3, 119.7, 117.0, 111.3, 110.7, 58.2, 57.7, 56.7, 55.7, 55.6, 41.2,
36.6; HRMS (M + H)" calculated for C,,H,5N,0,S 389.1530; found 389.1539; LCMS
(high pH): R; = 0.79 min (100%), MH" 389.21.
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7-(3,4-Dimethoxyphenyl)-2-(((1,1-dioxidotetrahydrothiophen-3-
yhamino)methyl)-5-methylthieno[3,2-c]pyridin-4(5H)-one (2.055c)
0 A solution of 2.056¢c (233mg, 0.60mmol), (3,4-

~N

N dimethoxyphenyl)boronic acid (130 mg, 0.72 mmol), K,CO3

X l ; HN—<JSOZ i .

(181 mg, 1.31 mmol) and PEPPSI-Pr (37 mg, 0.05 mmol) in

H,O (2 mL) and IPA (6 mL) was heated at 120 °C for 0.5 h
OMe ove in a microwave reactor. The reaction was allowed to cool to
rt and diluted with EtOAc (50 mL). The solution was filtered through Celite®, passed
through a hydrophobic frit and concentrated in vacuo. The resulting residue was
purified by MDAP (high pH). The appropriate fractions were combined and
concentrated in vacuo to give 2.055c (156 mg, 58%) as a pale orange solid; m.p.
171-172 °C; Vpax (solid)/cm™: 1639 (C=0), 1515, 1253, 1109 (S=0), 768; ‘H NMR
(400 MHz, DMSO-dg) & ppm 7.65 (s, 1H), 7.45 (s, 1H), 7.18-7.14 (m, 2H), 7.07 (d,
J =9.0, 1H), 4.00-3.94 (m, 2H), 3.82 (s, 3H), 3.81 (s, 3H), 3.57 (s, 3H), 3.51-3.43
(m, 1H), 3.37-3.31 (m, 1H), 3.25-3.16 (m, 1H), 3.07-2.98 (m, 1H), 2.91-2.85 (m,
1H), 2.31-2.20 (m, 1H), 2.03-1.93 (m, 1H); **C NMR (101 MHz, DMSO-ds) 5 ppm
157.4, 149.0, 148.5, 146.3, 144.4, 131.7, 129.2, 128.6, 121.9, 119.4, 115.2, 112.1,
111.3, 56.3, 55.6, 55.5, 53.8, 50.4, 45.4, 36.1, 28.8; HRMS (M + H)" calculated for
Ca1H2sN,05S, 449.1199; found 449.1201; LCMS (high pH): R,= 0.78 min (100%),
MH" 449.2.

7-(3,4-Dimethoxyphenyl)-2-(((1,1-dioxidotetrahydro-2H-thiopyran-4-
yl)amino)methyl)-5-methylthieno[3,2-c]pyridin-4(5H)-one (2.055d)
A solution of 2.056d (204 mg, 0.50 mmol), (3,4-

0
SN R dimethoxyphenyl)boronic acid (110 mg, 0.60 mmol),
NS HNCS% PEPPSI-Pr (31 mg, 0.05mmol) and K,CO; (153 mg,
1.11 mmol) in IPA (6 mL) and H,O (2 mL) was heated at

I OMe

120 °C in a microwave reactor for 0.5 h. The solution was
allowed to cool to rt and diluted with EtOAc (50 mL). The solution was filtered
through Celite®, passed through a hydrophobic frit and concentrated in vacuo. The
resulting residue was purified by MDAP (high pH). The appropriate fractions were
combined and concentrated in vacuo to give 2.055d (118 mg, 51%) as an off white
solid; m.p. 190-191 °C; vmax (solid)/cm™: 1645 (C=0), 1515, 1253, 1126 (S=0);
'H NMR (400 MHz, DMSO-ds) d ppm 7.65 (s, 1H) 7.43 (s, 1H), 7.19-7.13 (m, 2H),
7.09-7.06 (m, 1H), 3.96 (s, 2H), 3.82 (s, 3H), 3.81 (s, 3H), 3.57 (s, 3H), 3.14-3.05
(m, 2H), 3.03-2.95 (m, 2H), 2.82-2.75 (m, 1H), 2.11-2.01 (m, 2H), 1.94-1.81 (m,

222



GSK CONFIDENTIAL INFORMATION — DO NOT COPY

2H); *C NMR (101 MHz, DMSO-dg) & ppm 157.4, 149.0, 148.5, 146.1, 145.5, 131.6,
129.3, 128.6, 121.4, 119.4, 115.2, 112.1, 111.3, 55.6, 55.6, 49.9, 47.8, 44.8, 36.1,
28.9; HRMS (M + H)" calculated for C»,H2;N,0sS, 463.1362; found 463.1356; LCMS
(formic acid): R, = 0.60 min (95%), MH" 463.0.

2-Bromo-5-methylthieno[3,2-c]pyridin-4(5H)-one (2.060)
o To a stirred suspension of 2.012 (10.00 g, 43.50 mmol) in THF
N I D—sr (500 mL), Cs,CO3 (42.50 g, 130.00 mmol) was added. The mixture
NS was left to stir at rt for 1 h. Mel (5.4 mL, 87.00 mmol) was added and
the reaction mixture was left to stir for a further 18 h. The volatile components were
removed in vacuo. The resulting solid was suspended in H,O (200 mL), filtered
under reduced pressure, washed with H,O (100 mL), collected and dried under
vacuum at 40 °C to give 2.060 (9.65 g, quant.) as a brown solid; *"H NMR (400 MHz,
CDCl3) 8 ppm 7.64 (s, 1H), 7.16 (d, J = 7.1, 1H), 6.57 (d, J = 7.1, 1H), 3.62 (s, 3H);
LCMS (formic acid) R, = 0.81 min (100%), MH* = 243.9, 245.9.

5-Methyl-4-0x0-4,5-dihydrothieno[3,2-c]pyridine-2-carbonitrile (2.061)

o A mixture of 2.060 (1.50g, 6.10 mmol.), zinc cyanide (1.44 g,
AN, 12.30 mmol) and Pd(PPh3), (640 mg, 0.50 mmol) in DMF (10 mL)
NS was heated at 115 °C for 4.5 h in a microwave reactor. This process
was repeated to provide a further 4 identical batches. The 5 batches were allowed to
cool to rt, combined, diluted with EtOAc (50 mL), filtered through Celite® and
concentrated in vacuo. The resulting residue was purified by silica gel
chromatography (0-5% MeOH in DCM). The appropriate fractions were combined
and solvent evaporated in vacuo to give 2.061 (4.45 g, 68%) as a pale yellow solid;
'H NMR (400 MHz, CDCl;) & ppm 8.16 (s, 1H), 7.34 (d, J=7.1, 1H), 6.66 (d,
J=7.1, 1H), 3.64 (s, 3H); LCMS (formic acid) R = 0.63 min (95%), MH* = 191.1.

7-Bromo-5-methyl-4-0x0-4,5-dihydrothieno[3,2-c]pyridine-2-carbonitrile (2.062)
o] A solution of 2.061 (1.57 g, 7.80 mmol.) in THF (30 mL) was treated

N M D—cn With NBS (2.09 g, 11.80 mmol.) and the reaction mixture was
XS

~N

L stirred at rt for 72 h. The volatile components were removed in
vacuo and the resulting solid was suspended in Et,O (50 mL), filtered under reduced
pressure, washed with Et,O (50 mL), collected and dried under vacuum at 40 °C to
give 2.062 (1.81 g, 86%) as an off white solid; m.p. 274—276 °C; Vmax (solid)/cm™:
2123 (C=N), 1653 (C=0), 1583, 764; ‘*H NMR (400 MHz, CDCl;3) 8 ppm 8.24 (s, 1H),

7.50 (s, 1H), 3.65 (s, 3H); *C NMR (101 MHz, CDCl;) & ppm 157.4, 152.7, 136.8,
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136.3, 129.1, 113.3, 109.0, 91.8, 37.2; HRMS (M + H)" calculated for CoHgBrN;OS
268.9379; found 268.9381; LCMS (formic acid) R;=0.83 min (95%), MH" = 268.9,
270.9.

7-(3,4-Dimethoxyphenyl)-5-methyl-4-0x0-4,5-dihydrothieno[3,2-c]pyridine-2-
carbonitrile (2.059)

0 A solution of 2.062 (654 mg, 1.70 mmol), (3,4-
N I D—cn dimethoxyphenyl)boronic  acid (418 mg, 2.30 mmol), K,COs

NS .
° (552 mg, 4.00 mmol) and PEPPSI-'Pr (173 mg, 0.26 mmol) in IPA
(9mL) and H,O (3 mL) was heated at 120 °C in a microwave
oM
OMe ° reactor for 0.5 h. The reaction mixture was allowed to cool to rt,

diluted with EtOAc (50 mL), filtered through Celite® and concentrated in vacuo. The
resulting residue was purified by silica gel chromatography (0-10% MeOH in DCM).
The appropriate fractions were combined and solvent evaporated in vacuo. The
resulting residue was purified by silica gel chromatography (0—2% MeOH in DCM).
The appropriate fractions were combined and solvent evaporated in vacuo. The
resulting residue was purified by MDAP (formic acid). The appropriate fractions were
combined and concentrated in vacuo to give 2.059 (125 mg, 23%) as a yellow solid;
'H NMR (400 MHz, CDCl;) 3 ppm 8.20 (s, 1H), 7.34 (s, 1H), 7.08 (dd, J = 8.1, 2.0,
1H), 7.01 (d, J=2.0, 1H), 6.99 (d, J = 8.1, 1H), 3.96 (s, 3H), 3.95 (s, 3H), 3.70 (s,
3H); LCMS (formic acid) R; = 0.91 min (100%), MH" = 327.1.

2,7-Bis(3,4-dimethoxyphenyl)-5-methylthieno[3,2-c]pyridin-4(5H)-one (2.063)

A solution of 2.062 (654mg, 1.70mmol), (3,4-

dimethoxyphenyl)boronic acid (418 mg, 2.30 mmol), K,CO3

(552 mg, 4.00 mmol) and PEPPSI-'Pr (173 mg, 0.26 mmol)

in IPA (9 mL) and H,O (3 mL) was heated at 120 °C in a
OMe microwave reactor for 0.5 h. The reaction mixture was

allowed to cool to rt, diluted with EtOAc (50 mL), filtered through Celite® and

concentrated in vacuo. The resulting residue was purified by silica gel
chromatography (0-10% MeOH in DCM). The appropriate fractions were combined
and solvent evaporated in vacuo. The resulting residue was purified by silica gel
chromatography (0—2% MeOH in DCM). The appropriate fractions were combined
and solvent evaporated in vacuo to give 2.063 (no yield obtained). 2.063 (10 mg)
taken for structure elucidation; *H NMR (400 MHz, CDCl;) & ppm 7.84 (s, 1H), 7.21
(dd, J=8.3,2.2, 1H), 7.18 (d, J = 2.2, 1H), 7.15 (s, 1H), 7.13-7.14 (m, 1H), 7.11 (d,
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J=2.0, 1H), 6.99 (d, J=8.3, 1H), 6.89 (d, J = 8.3, 1H), 3.95 (s, 6H), 3.95 (s, 3H),
3.92 (s, 3H), 3.70 (s, 3H); LCMS (formic acid) R, = 1.04 min (97%), MH" = 438.1.

7-Bromo-N-(1,1-dioxidotetrahydro-2H-thiopyran-4-yl)-5-methyl-4-oxo-
4,5dihydrothieno[3,2-c]pyridine-2-carboximidamide (2.064)

Q To a suspension of 2.062 (2.00 g, 7.43 mmol) in MeOH
\wm (30 mL), NaOMe solution in MeOH (25% by weight,

\Br ° HN_QO") 1.7 mL, 7.43 mmol) was added. The reaction mixture was
heated at 75 °C for 3 h. 4-aminotetrahydro-2H-thiopyran-1,1-dioxide hydrochloride
(1.66 g, 8.94 mmol) was added at 75 °C and the reaction mixture was stirred for a
further 72 h. The volatile components were removed in vacuo and the resulting solid
was suspended in MeOH (50 mL), filtered under reduced pressure, washed with
MeOH (20 mL), collected and dried under vacuum at 40 °C to give 2.064 (2.69 g,
87%) as a white solid; *H NMR (400 MHz, DMSO-ds) 8 ppm 8.17 (s, 1H), 7.99 (s,
1H), 6.79 (br.s, 2H), 3.67-3.59 (m, 1H), 3.51 (s, 3H), 3.27-3.17 (m, 2H), 3.10-3.01
(m, 2H), 2.08-1.99 (m, 2H), 1.98-1.88 (m, 2H); LCMS (formic acid) R; = 0.48 min
(96%), MH" = 418.0, 420.0.

7-Bromo-N,5-dimethyl-4-0x0-4,5-dihydrothieno[3,2-c]pyridine-2-
carboximidamide (2.065)

o A solution of 2.062 (50 mg, 0.19 mmol) and NaOMe solution in
SN B H  MeOH (25% by weight, 0.05 mL, 0.20 mmol) in MeOH (4 mL) was

S HN— heated at 75°C for 16 h. Methylamine hydrochloride (38 mg,

o 0.56 mmol) was added and the solution was left to stir for a further
3 h. The reaction mixture was allowed to cool to rt. The volatile components were
removed in vacuo to give 2.065 (107 mg, quant.) as a pale yellow solid; *H NMR
(400 MHz, CDs;0OD) & ppm 8.36 (s, 1H), 8.01 (s, 1H), 3.67 (s, 3H), 3.13 (s, 3H);

LCMS (formic acid) R, = 0.45 min (81%), MH" = 300.0, 302.0.

7-(3,4-Dimethoxyphenyl)-N-(1,1-dioxidotetrahydro-2H-thiopyran-4-yl)-5-methyl-
4-0x0-4,5-dihydrothieno[3,2-c]pyridine-2-carboximidamide (2.057)
A  mixture of 2.064 (128 mg, 0.18 mmol), (3,4-

o}
N R A dimethoxyphenyl)boronic acid (43 mg, 0.24 mmol), K,COs
Y ® HNOOZ (64 mg, 0.46 mmol) and PEPPSI-Pr (19 mg, 0.03 mmol) in
H,O (0.5 mL) and IPA (1.5 mL) was heated at 120 °C for
T OMe

0.5 h in a microwave reactor. The reaction mixture was

allowed to cool to rt and diluted with EtOAc (50 mL). The solution was filtered
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through Celite®, passed through a hydrophobic frit and concentrated in vacuo. The
resulting residue was purified by MDAP (formic acid). The appropriate fractions were
combined and concentrated in vacuo. The resulting residue was dissolved in MeOH
(10 mL) and passed through a preconditioned (MeOH, 20 mL) amino propyl column
(10 g). The appropriate fractions were combined and concentrated in vacuo to give
2.057 (37 mg, 42%) as a white solid; m.p. 178-180 °C; Vpma (solid)/cm™: 1638
(C=N), 1583, 1520, 1257, 1118 (S=0); *H NMR (400 MHz, DMSO-dg) & ppm 8.11
(s, 1H), 7.72 (s, 1H), 7.19 (dd, J=8.1, 2.1, 1H,), 7.16 (d, J=2.1, 1H), 7.10 (d,
J=8.1, 1H), 6.74 (br.s, 2H,), 3.83 (s, 3H), 3.82 (s, 3H), 3.64-3.56 (m, 4H), 3.23-
3.18 (m, 2H), 3.09-2.99 (m, 2H), 2.06-1.97 (m, 2H), 1.95-1.87 (m, 2H); **C NMR
(101 MHz, DMSO-dg) & ppm 157.7, 149.3, 149.0, 148.6, 148.1, 142.4, 141.7, 133.1,
129.5, 128.4, 122.5, 119.5, 112.2, 111.5, 55.6, 55.5, 49.1, 48.4, 36.2, 30.1; HRMS
(M + H)" calculated for CyH,sN305S, 476.1308; found 476.1303; LCMS (formic
acid), R, = 0.61 min (100%), MH" = 476.2.

7-(3,4-Dimethoxyphenyl)-N,5-dimethyl-4-0x0-4,5-dihydrothieno[3,2-c]pyridine-
2-carboximidamide (2.058)

o A mixture of 2.065 (107 mg, 0.21 mmol), (3,4-

N R dimethoxyphenyl)boronic acid (47 mg, 0.26 mmol), K,CO3 (71 mg,

0.51 mmol) and PEPPSI-Pr (13 mg, 0.02 mmol) in IPA (1.5 mL)
and H,O (0.5 mL) was heated at 120 °C for 0.5 h in a microwave

OMe ome reactor. The reaction mixture was allowed to cool to rt and diluted
with EtOAc (30 mL) and MeOH (20 mL). The solution was filtered through Celite®,
passed through a hydrophobic frit and concentrated in vacuo. The resulting residue
was purified by MDAP (formic acid). The appropriate fractions were combined and
concentrated in vacuo. The resulting residue was dissolved in MeOH (5 mL) and
passed through a preconditioned (MeOH, 20 mL) amino propyl column (10 g). The
appropriate fractions were combined and concentrated in vacuo. The resultant solid
was purified by MDAP (high pH). The appropriate fractions were combined and
concentrated in vacuo to give 2.058 (5 mg, 7%) as a white solid; *H NMR (400 MHz,
CD;0D) & ppm 8.04 (s, 1H), 7.64 (s, 1H), 7.23-7.17 (m, 2H), 7.08 (d, J = 8.1, 1H),
3.92 (s, 3H), 3.90 (s, 3H), 3.72 (s, 3H), 2.96 (s, 3H); LCMS (formic acid),
R, = 0.58 min (100%), MH" = 358.2.
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tert-Butyl 4-(7-bromo-5-methyl-4-ox0-4,5-dihydrothieno[3,2-c]pyridine-2-
carbonyl)-3-methylpiperazine-1-carboxylate (2.076)

0 A mixture of 2.008 (1.50g, 4.43 mmol), tert-butyl 3-

Y T P methylpiperazine-1-carboxylate (1.2 mL, 5.75 mmol), HATU
Y s {'_ (2.00 g, 5.31 mmol) and DIPEA (1.5 mL, 8.85 mmol) in
Br NCO,Bu

DMF (30 mL) was left to stir at rt for 20 h. The volatile
components were removed in vacuo and the resulting residue was dissolved in
EtOAc (50 mL) and washed with sat. aq. NaHCO3 (50 mL). The organic layer was
separated, passed through a hydrophobic frit and concentrated in vacuo to give
2.076 (1.95 g, quant.) as a brown oil; *H NMR (400 MHz, CDCl;) & ppm 7.83 (s, 1H),
7.38 (s, 1H), 4.74-4.62 (m, 1H), 4.29-4.20 (m, 1H), 3.79-3.70 (m, 1H), 3.64 (s, 3H),
3.42-3.29 (m, 1H), 3.24-3.16 (m, 2H), 3.15-3.07 (m, 1H), 1.50 (br.s, 9H), 1.35 (d,
J = 6.7, 3H); LCMS (formic acid), R, = 1.03 min (73%), MH" = 470.1, 472.1.

7-Bromo-5-methyl-2-(2-methylpiperazine-1-carbonyl)thieno[3,2-c]pyridin-4(5H)-
one hydrochloride (2.077)

o A suspension of 2.076 (1.95g, 4.15 mmol) in 4 M HCI in

SN TN O 1,4-dioxane (10 mL, 329.00 mmol) was left to stir at rt for
N N‘g 18 h. The volatile components were removed in vacuo and
Br Q—NH-HCI

the resulting residue was suspended in Et,O (30 mL), filtered
under reduced pressure, rinsed with Et,O (50 mL) and collected to give 2.077
(2.24 g, quant.) as a brown solid; *H NMR (400 MHz, CD;0D) & ppm 7.98 (s, 1H),
7.91 (s, 1H), 4.53-4.45 (m, 1H), 3.68-3.54 (m, 6H), 3.51-3.39 (m, 3H), 1.52 (d,
J =7.1, 3H); LCMS (formic acid), R, = 0.53 min (94%), MH" = 370.1, 372.1.

7-Bromo-5-methyl-2-(2-methyl-4-(methylsulfonyl)piperazine-1-
carbonyl)thieno[3,2-c]pyridin-4(5H)-one (2.078)
0 To a solution of 2.077 (2.24 g, 5.51 mmol) and triethylamine
\@_(O (3mL, 2203mmol) in DCM (22mL) at 0°C,
L S {':g methanesulfonyl chloride (0.5 mL, 6.06 mmol) was added
N\SOZMe drop-wise. The reaction mixture was allowed to warm to rt
and left to stir for 3 h. The reaction mixture was diluted with DCM (50 mL) and
washed with 1 M aq. HCI (50 mL), sat. ag. NaHCO3; (50 mL), H,O (50 mL) and brine
(50 mL). The organic layer was passed through a hydrophobic frit and concentrated
in vacuo to give 2.078 (1.40 g, 57%) as a light brown solid; *H NMR (400 MHz,
CD;0D) & ppm 7.85 (s, 1H), 7.40 (s, 1H), 4.88-4.78 (m, 1H), 4.48-4.37 (m, 1H),
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3.88-3.79 (m, 1H), 3.68-3.59 (m, 5H), 3.01-2.93 (m, 1H), 2.87-2.78 (m, 4H), 1.49
(d, J = 6.9, 3H); LCMS (formic acid), R, = 0.78 min (86%), MH* = 470.4, 472.3.

General Procedure 1: Synthesis of square array compounds

(o] R,B(OR),, K,CO3, PEPPSI-Pr o
Y uwave, 120 °C, 0.5 h ~\
I D—r, .~ N
NS g8
Br r

A mixture of the desired bromide (0.15 mmol, 1.0 eq.), boronic acid/ester
(0.18 mmol, 1.2 eq.), K,CO5; (50 mg, 0.36 mmol, 2.4 eq.) and PEPPSI-Pr (9 mg,
0.014 mmol, 0.09 eq.) in H,O (0.3 mL) and IPA (0.9 mL) was heated at 120 °C in a
microwave reactor for 0.5 h. The reaction mixture was allowed to cool to rt and
diluted with EtOAc (3 mL). The solution was passed through a preconditioned
(EtOAc, 10 mL) C-18 column (1g) and washed with EtOAc (3 mL) and MeOH
(2 mL). The filtrate was collected and blown down under nitrogen at 40 °C.
Purification procedure 1:

The resulting residue was purified by MDAP (formic acid). The solvent was
evaporated under a stream of nitrogen at 40 °C to give the required product.
Purification procedure 2:

The resulting residue was purified by MDAP (high pH). The solvent was evaporated

under a stream of nitrogen at 40 °C to give the required product.

7-(3-(Dimethylamino)phenyl)-2,5-dimethylthieno[3,2-c]pyridin-4(5H)-one
(2.068a)
o Following General Procedure 1 using 2.074 (39 mg, 0.15 mmol) and

N N (3-(dimethylamino)phenyl)boronic acid (30 mg, 0.18 mmol) gave,
following purification using procedure 1, 2.068a (24 mg, 54%) as a
white solid; m.p. 136-137 °C; Vmax (solid)/cm™: 1645 (C=0), 1589,
769, 692; 'H NMR (400 MHz, DMSO-ds) & ppm 7.65 (s, 1H), 7.28—
7.25 (m, 2H), 6.91-6.86 (m, 2H), 6.76 (dd, J =8.3, 2.0, 1H), 3.57 (s, 3H), 2.96 (s,
6H), 2.52 (d, J=1.0, 3H); *C NMR (101 MHz, DMSO-ds) & ppm 157.0, 150.5,
145.5, 138.8, 136.4, 131.3, 128.5, 129.2, 122.3, 115.7, 114.6, 111.5, 110.7, 35.9,
14.9; HRMS (M + H)" calculated for C;7H;oN,0sS 299.1213; found 299.1213; LCMS
(formic acid): R, = 1.13 min (100%), MH" = 299.2.

M62
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2,5-Dimethyl-7-(4-methyl-3,4-dihydro-2H-benzo[b][1,4]oxazin-6-yl)thieno[3,2-
c]pyridin-4(5H)-one (2.068b)

Following General Procedure 1 using 2.074 (30 mg, 0.15 mmol) and
4-methyl-2,3-dihydrobenzo-1,4-oxazine-6-boronic acid, pinacol ester
(50 mg, 0.18 mmol) gave, following purification using procedure 1,
2.068b (22 mg, 45%) as a white solid; *H NMR (400 MHz, CD;0D)
o ppm 7.40 (s, 1H), 7.30 (s, 1H), 6.91-6.86 (m, 1H), 6.83-6.78 (m,
1H), 6.76 (d, J = 8.1, 1H), 4.31 (t, J = 4.3, 2H), 3.68 (s, 3H), 3.32-3.29 (m, 2H), 2.93
(s, 3H), 2.56 (s, 3H); LCMS (formic acid): R, = 1.04 min (100%), MH" = 327.1.

7-(3,4-Dichlorophenyl)-2,5-dimethylthieno[3,2-c]pyridin-4(5H)-one (2.068c¢)
Following General Procedure 1 using 2.074 (39 mg, 0.15 mmol) and

~\ ol N (3,4-dichlorophenyl)boronic acid (34 mg, 0.18 mmol) gave, following
X8 purification using procedure 1, 2.068c (3 mg, 6%) as a white solid;
'H NMR (400 MHz, DMSO-dg) 5 ppm 7.89-7.88 (m, 1H), 7.83 (s. 1H),
cl 7.78 (d, J=8.3, 1H), 7.65 (dd, J = 8.3, 1.7, 1H), 7.32-7.30 (d, J = 1.7,

cl

1H), 3.57 (s, 3H), 2.54 (s, 3H); LCMS (formic acid): R, = 1.27 min
(100%), MH™ = 326.0.

4-(2,5-Dimethyl-4-0x0-4,5-dihydrothieno[3,2-c]pyridin-7-yl)-2-(trifluoromethyl)-
benzonitrile (2.068d)
o] Following General Procedure 1 using 2.074 (39 mg, 0.15 mmol) and
N R (4-cyano-3-(trifluoromethyl)phenyl)boronic acid (39 mg, 0.18 mmol)
gave, following purification using procedure 1, 2.068d (3 mg, 6%) as
a white solid; 'H NMR (400 MHz, CD;OD) & ppm 8.20 (br.s, 1H),
eN 8.14-8.12 (m, 2H), 7.81 (s, 1H), 7.39-7.37 (m, 1H), 3.73 (s, 3H), 2.60
(d, J = 1.22, 3H); LCMS (formic acid): R; = 1.13 min (100%), MH" = 349.3.

7-(3-(Dimethylamino)phenyl)-N,5-dimethyl-4-0x0-4,5-dihydrothieno[3,2-
c]pyridine-2-carboxamide (2.069a)
o Following General Procedure 1 wusing 2.017c (45 mg,
N R 0.15 mmol) and (3-(dimethylamino)phenyl)boronic acid (30 mg,
YOS NHwe 0.18 mmol) gave, following purification using procedure 1,
2.069a (14 mg, 27%) as a white solid; 'H NMR (400 MHz,
DMSO-dg) d ppm 8.75-8.70 (m, 1H), 8.25 (s, 1H), 7.82 (s, 1H),
7.31 (m, 1H), 6.93-6.88 (m, 2H), 6.79 (dd, J =8.3, 2.3, 1H), 3.60 (s, 3H), 2.97 (s,
6H), 2.78 (d, J = 4.6, 3H); LCMS (formic acid): R; = 0.72 min (100%), MH" = 342.2.
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N,5-Dimethyl-7-(4-methyl-3,4-dihydro-2H-benzo[b][1,4]oxazin-6-yl)-4-0x0-4,5-
dihydrothieno[3,2-c]pyridine-2-carboxamide (2.069b)

o) Following General Procedure 1 wusing 2.017c (45 mg,
0.15mmol) and 4-methyl-2,3-dihydrobenzo-1,4-oxazine-6-
boronic acid, pinacol ester (50 mg, 0.18 mmol) gave, following

purification using procedure 1, 2.069b (22 mg, 40%) as a white
o\)N solid; m.p. 200-203 °C; Vmax (SOlid)/cm™: 1643 (C=0), 1590
(C=0), 1511, 1313, 1230; ‘H NMR (400 MHz, DMSO-ds) & ppm 8.75-8.69 (m, 1H),
8.23 (s, 1H), 7.72 (s, 1H), 6.87 (d, J = 2.0, 1H), 6.84-6.75 (m, 2H), 4.30-4.24 (m,
2H), 3.58 (s, 3H), 3.30-3.27 (m, 2H), 2.89 (s, 3H), 2.78 (d, J = 4.6, 3H); *CNMR
(101 MHz, DMSO-dg) & ppm 161.2, 157.8, 149.0, 143.7, 138.2, 137.0, 133.6, 129.5,
128.5, 125.1, 116.3, 115.6, 111.2, 64.5, 48.2, 38.2, 36.2, 26.2 (2 signals overlap);
HRMS (M + H)" calculated for CigH»N3OsS 370.1220; found 370.1221; LCMS
(formic acid): R, = 0.86 min (100%), MH" = 370.15.

7-(3,4-dichlorophenyl)-N,5-dimethyl-4-0x0-4,5-dihydrothieno[3,2-c]pyridine-2-

carboxamide (2.069c¢)

Q A mixture of 2.017c¢ (100 mg, 0.33 mmol), (3,4-
N 2 dichlorophenyl)boronic acid (76 mg, 0.40 mmol), K,CO;
Y S NUMe 110 mg, 0.80 mmol) and PEPPSI-Pr (20 mg, 0.03 mmol) in IPA

(2.5mL) and H,O (0.5mL) was heated at 120°C in a
Cl “ microwave reactor for 0.5 h. The reaction mixture was allowed
to cool to rt and diluted with EtOAc (20 mL). The solution was filtered through

Celite® and concentrated in vacuo. The resulting residue was purified by MDAP

(formic acid). The appropriate fractions were combined and concentrated in vacuo to

give 2.069¢ (5 mg, 4%) as a white solid; *"H NMR (400 MHz, DMSO-dg) 8.78 (m,

1H), 8.27 (s, 1H), 8.00 (s, 1H), 7.91 (d, J = 2.1, 1H), 7.81 (d, J = 8.3, 1H), 7.69 (dd,

J=8.3, 2.1, 1H), 3.60 (s, 3H), 2.79 (d, J=4.7, 3H); LCMS (formic acid):

R; = 1.03 min (100%), MH" = 367.1.
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7-(4-Cyano-3-(trifluoromethyl)phenyl)-N,5-dimethyl-4-0x0-4,5-
dihydrothieno[3,2-c]pyridine-2-carboxamide (2.069d)
o] Following General Procedure 1 wusing 2.017c (45 mg,

N R 2 0.15 mmol) and (4-cyano-3-(trifluoromethyl)phenyl)boronic acid

NS
S NHMe (39 mg, 0.18 mmol) gave, following purification using procedure
1, 2.069d (2 mg, 3%) as a white solid; 'H NMR (400 MHz,
I, CDsOD) & ppm 8.22 (s, 1H), 8.17-8.16 (m, 3H), 7.96 (s, 1H),

3.74 (s, 3H), 2.94 (s, 3H); LCMS (formic acid): R, = 0.93 min (100%), MH™ = 390.4.

7-(3-(Dimethylamino)phenyl)-N-(1,1-dioxidotetrahydro-2H-thiopyran-4-yl)-5-
methyl-4-0x0-4,5-dihydrothieno[3,2-c]pyridine-2-carboxamide (2.070a)

o) Following General Procedure 1 using 2.075 (63 mg,
SN T P 0.15mmol) and (3-(dimethylamino)phenyl)boronic acid
Y s HN‘CSOZ (30 mg, 0.18 mmol) gave, following purification using
procedure 1, 2.070a (23 mg, 33%) as a white solid; m.p.
206—208 °C; Vmax (solid)/cm™: 1628 (C=0), 1586 (C=0),
1291, 1124 (S=0), 844; 'H NMR (400 MHz, DMSO-ds) 8 ppm 8.70 (d, J = 7.8, 1H),
8.40 (s, 1H), 7.82 (s, 1H), 7.34-7.26 (m, 1H), 6.92-6.86 (m, 2H), 6.79 (dd, J = 8.5,
2.1, 1H), 4.22-4.11 (m, 1H), 3.60 (s, 3H), 3.29-3.24 (m, 2H), 3.19-3.11 (m, 2H),
2.96 (s, 6H), 2.18-2.02 (m, 4H); *C NMR (101 MHz, DMSO-ds) 5 ppm 160.2, 159.5,
157.9, 150.8, 148.9, 137.8, 136.2, 134.3, 129.5, 125.8, 115.8, 114.8, 112.0, 111.0,
48.5, 44.6, 40.0, 36.3, 29.2; HRMS (M + H)" calculated for CyH2sN304S, 460.13509;

found 460.1370; LCMS (formic acid): R; = 0.75 min (100%), MH" = 460.2.

NM62

N-(1,1-Dioxidotetrahydro-2H-thiopyran-4-yl)-5-methyl-7-(4-methyl-3,4-dihydro-
2H-benzo[b][1,4]oxazin-6-yl)-4-0x0-4,5-dihydrothieno[3,2-c]pyridine-2-
carboxamide (2.070b)

o Following General Procedure 1 using 2.075 (63 mg,
0.15 mmol) and 4-methyl-2,3-dihydrobenzo-1,4-oxazine-6-
HN_CSOZ boronic acid, pinacol ester (50 mg, 0.18 mmol) gave,
following purification using procedure 1, 2.070b (24 mg,
o\)N 33%) as a white solid; 'H NMR (400 MHz, DMSO-ds)
o ppm 8.70 (d, J=7.8, 1H), 8.40 (s, 1H), 7.75 (s, 1H), 6.88 (d, J = 2.0, 1H), 6.83
(dd, J=8.1, 2.0, 1H), 6.79 (d, J = 8.1, 1H), 4.28 (t, J = 4.4, 2H), 4.22-4.12 (m, 1H),
3.59 (s, 3H), 3.32-3.24 (m, 4H), 3.20-3.12 (m, 2H), 2.90 (s, 3H), 2.19-2.03 (m, 4H);
LCMS (formic acid): R, = 0.84 min (100%), MH" = 488.3.
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7-(3,4-Dichlorophenyl)-N-(1,1-dioxidotetrahydro-2H-thiopyran-4-yl)-5-methyl-4-
oxo0-4,5-dihydrothieno[3,2-c]pyridine-2-carboxamide (2.070c)
Following General Procedure 1 using 2.075 (63 mg,

o}
N R 2 0.15 mmol) and (3,4-dichlorophenyl)boronic acid (34 mg,
NS
s HN‘CS% 0.18 mmol) gave, following purification using procedure 1,
2.070c (7 mg, 10%) as a white solid; *H NMR (400 MHz,
cl
cl

DMSO-ds) & ppm 8.75 (d, J = 8.1, 1H), 8.44 (s, 1H), 8.01
(s, 1H), 7.92 (d, J = 2.2, 1H), 7.81 (d, J = 8.3, 1H), 7.69 (dd, J = 8.3, 2.2, 1H), 4.23—
4.14 (m, 1H), 3.60 (s, 3H), 3.29-3.25 (m, 2H), 3.19-3.12 (m, 2H), 2.19-2.05 (m,
4H); LCMS (formic acid): R; = 1.00 min (100%), MH" = 486.3.

7-(4-Cyano-3-(trifluoromethyl)phenyl)-N-(1,1-dioxidotetrahydro-2H-thiopyran-4-
y)-5-methyl-4-o0x0-4,5-dihydrothieno[3,2-c]pyridine-2-carboxamide (2.070d)
A mixture of 2.075 (100 mg, 0.24 mmol), (4-cyano-3-

0
Y B 2 (trifluoromethyl)phenyl)boronic acid (62 mg, 0.29 mmol),
N .
s HN—CS% K,CO; (79 mg, 0.57 mmol) and PEPPSI-Pr (15 mg,
0.02 mmol) in IPA (1.5 mL) and H,O (0.5 mL) was heated
CF4
CN

at 120 °C in a microwave reactor for 0.5 h. The reaction
mixture was allowed to cool to rt and diluted with EtOAc (50 mL). The solution was
filtered through Celite® and concentrated in vacuo. The resulting residue was
purified by MDAP (formic acid). The appropriate fractions were combined and
concentrated in vacuo to give 2.070d (11 mg, 9%) as a white solid; *H NMR
(400 MHz, DMSO-dg) 6 ppm 8.78 (d, J = 8.0, 1H), 8.46 (s, 1H), 8.34 (d, J = 8.0, 1H),
8.27-8.20 (m, 3H), 4.25-4.15 (m, 1H), 3.63 (s, 3H), 3.30-3.25 (m, 2H), 3.19-3.11
(m, 2H), 2.21-2.04 (m, 4H); LCMS (formic acid): R; = 0.94 min (100%), MH™ = 508.5

7-(3-(Dimethylamino)phenyl)-N-(1,1-dioxidotetrahydro-2H-thiopyran-4-yl)-5-
methyl-4-0x0-4,5-dihydrothieno[3,2-c]pyridine-2-carboximidamide (2.071a)
o Following General Procedure 1 using 2.064 (63 mg,
SN R A 0.15 mmol) and (3-(dimethylamino)phenyl)boronic acid
Y S HN@SOZ (30 mg, 0.18 mmol) gave, following purification using
procedure 2, 2.071a (3 mg, 4%) as a white solid; *H NMR
(400 MHz, CD3OD) & ppm 7.98 (s, 1H), 7.62 (s, 1H), 7.33
(m, 1H), 7.01-6.98 (m, 1H), 6.94 (d, J = 8.2, 1H), 6.85 (dd, J=8.2, 2.6, 1H), 3.78—
3.74 (m, 1H), 3.72 (s, 3H), 3.31-3.25 (m, 2H), 3.16-3.08 (m, 2H), 3.02 (s, 6H),
2.28-2.13 (m, 4H); LCMS (formic acid): R, = 0.91 min (100%), MH" = 459.4.
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N-(1,1-Dioxidotetrahydro-2H-thiopyran-4-yl)-5-methyl-7-(4-methyl-3,4-dihydro-
2H-benzo[b][1,4]oxazin-6-yl)-4-0x0-4,5-dihydrothieno[3,2-c]pyridine-2-
carboximidamide (2.071b)

Following General Procedure 1 using 2.064 (63 mg,
0.15 mmol) and 4-methyl-2,3-dihydrobenzo-1,4-oxazine-6-
boronic acid, pinacol ester (50 mg, 0.18 mmol) gave,
following purification using procedure 2, 2.071b (5 mg,
7%) as a white solid; *H NMR (400 MHz, CD;0D) & ppm
7.97 (s, 1H), 7.55 (s, 1H), 6.93 (d, J = 2.0, 1H), 6.85 (dd, J = 8.2, 2.0, 1H), 6.80 (d,
J=8.2, 1H), 4.33 (t, J=4.4, 2H), 3.78-3.72 (m, 1H), 3.71 (s, 3H), 3.31-3.25 (m,
4H), 3.18-3.09 (m, 2H), 2.95 (s, 3H), 2.29-2.14 (m, 4H); LCMS (formic acid):
R; = 0.66 min (100%), MH" = 487.2,

7-(3,4-Dichlorophenyl)-N-(1,1-dioxidotetrahydro-2H-thiopyran-4-yl)-5-methyl-4-
oxo-4,5-dihydrothieno[3,2-c]pyridine-2-carboximidamide (2.071c)

0 A mixture of 2.064 (100mg, 0.24 mmol), (3,4-
dichlorophenyl)boronic acid (65 mg, 0.34 mmol),

z
/

NS HN‘CSOZ Pd(PPhs), (14 mg, 0.01 mmol) and K,CO; (79 mg,
0.57 mmol) in H,O (1 mL) and IPA (3 mL) was heated at
i c 120 °C in a microwave reactor for 0.5 h. The reaction

mixture was allowed to cool to rt and diluted with EtOAc (40 mL). The solution was
filtered through Celite® and concentrated in vacuo. The resulting residue was
purified by MDAP (formic acid). The appropriate fractions were combined and
concentrated in vacuo. The resulting residue was dissolved in MeOH (5 mL) and
passed through a preconditioned (MeOH, 20 mL) amino propyl column (10 g). The
appropriate fractions were combined and concentrated in vacuo. The resulting solid
was suspended in Et,O (10 mL), filtered under reduced pressure, rinsed with Et,O
(20 mL), collected and dried under vacuum at 40 °C to give 2.071c (16 mg, 14%) as
a white solid; *"H NMR (400 MHz, DMSO-dg) & ppm 8.14 (s, 1H), 7.89 (s, 1H), 7.88
(d, J=2.2, 1H), 7.80 (d, J=8.4, 1H), 7.68 (dd, J=8.2, 2.2, 1H), 6.76 (br.s, 2H),
3.62-3.57 (m, 4H), 3.21-3.12 (m, 2H), 3.10-3.01 (m, 2H), 2.06-1.96 (m, 2H), 1.95—
1.86 (m, 2H); LCMS (formic acid): R, = 0.80 min (100%), MH" = 484.0.
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7-(4-Cyano-3-(trifluoromethyl)phenyl)-N-(1,1-dioxidotetrahydro-2H-thiopyran-4-
y-5-methyl-4-0x0-4,5-dihydrothieno[3,2-c]pyridine-2-carboximidamide
(2.071d)
o] A mixture of 2.064 (500 mg, 0.72 mmol), (4-cyano-3-
N TN (trifluoromethyl)phenyl)boronic acid (185 mg, 0.86 mmol),
Y s HN—CSOZ PEPPSI-'Pr (44 mg, 0.07 mmol) and K,COs (238 mg,
1.72 mmol) in H,O (1 mL) and IPA (3 mL) was heated to

CFs 120 °C in a microwave reactor for 0.5 h. The reaction

CN
mixture was allowed to cool to rt, diluted with EtOAc (40 mL), filtered through Celite®

and concentrated in vacuo. The resulting residue was purified by MDAP (formic
acid). The appropriate fractions were combined and concentrated in vacuo. The
resulting residue was dissolved in MeOH (5mL) and passed through a
preconditioned (MeOH, 30 mL) amino propyl column (50 g). The appropriate
fractions were combined and concentrated in vacuo. The resulting solid was
suspended in Et,O (20 mL), filtered under reduced pressure, rinsed with Et,O
(20 mL), collected and dried under vacuum at 40 °C to give 2.071d (123 mg, 34%)
as a white solid; *"H NMR (400 MHz, DMSO-ds) & ppm 8.33 (d, J = 7.8, 1H), 8.25—
8.21 (m, 2H), 8.17 (s, 1H), 8.11 (s, 1H), 6.81 (br.s, 2H), 3.64-3.57 (m, 4H), 3.22—
3.12 (m, 2H), 3.10-3.01 (m, 2H), 2.07-1.98 (m, 2H), 1.96-1.86 (m, 2H); LCMS
(formic acid): R, = 0.93 min (100%), MH" = 509.3.

N.B. The synthesis of 2.071d was originally carried out as part of the square array.

7-(3-(Dimethylamino)phenyl)-2-(((2-hydroxyethyl)(methyl)amino)methyl)-5-
methylthieno[3,2-c]pyridin-4(5H)-one (2.072a)

o Following General Procedure 1 using 2.056b (50 mg,
0.15mmol) and (3-(dimethylamino)phenyl)boronic acid
_/oH : o :

N (30 mg, 0.18 mmol) gave, following purification using
procedure 2, 2.072a (5 mg, 9%) as a white solid; *H NMR
(400 MHz, CDs0OD) & ppm 7.53-7.48 (m, 2H), 7.31 (s, 1H),
6.99-6.96 (m, 1H), 6.91 (d, J=7.6, 1H), 6.85-6.80 (m, 1H), 3.88-3.85 (m, 2H),
3.71-3.66 (m, 5H), 3.00 (s, 6H), 2.62 (t, J=6.1, 2H), 2.34 (s, 3H); LCMS (formic
acid): R;=0.93 min (100%), MH" = 372.4.

NMe2
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2-(((2-Hydroxyethyl)(methyl)amino)methyl)-5-methyl-7-(4-methyl-3,4-dihydro-
2H-benzo[b][1,4]oxazin-6-y)thieno[3,2-c]pyridin-4(5H)-one (2.072b)

Following General Procedure 1 using 2.056b (50 mg,
0.15 mmol) and 4-methyl-2,3-dihydrobenzo-1,4-oxazine-6-
boronic acid, pinacol ester (50 mg, 0.18 mmol) gave,
following purification using procedure 2, 2.072b (35 mg,
58%) as a white solid; *H NMR (400 MHz, CD;0D) & ppm
7.48 (s, 1H), 7.44-7.41 (m, 1H), 6.91-6.88 (m, 1H), 6.84—
6.74 (m, 2H), 4.33-4.28 (m, 2H), 3.87-3.84 (m, 2H), 3.70-3.65 (m, 5H), 3.31-3.28
(m, 2H), 2.92 (s, 3H), 2.61 (t, J=6.0, 2H), 2.33 (s, 3H); LCMS (formic acid):
R; = 0.63 min (99%), MH" = 400.3.

7-(3,4-Dichlorophenyl)-2-(((2-hydroxyethyl)(methyl)amino)methyl)-5-
methylthieno[3,2-c]pyridin-4(5H)-one (2.072c)

Following General Procedure 1 using 2.056b (50 mg,
0.15 mmol) and (3,4-dichlorophenyl)boronic acid (34 mg,
0.18 mmol) gave, following purification using procedure 2,
2.072c (11 mg, 18%) as a white solid; *H NMR (400 MHz,
CD30OD) & ppm 7.83-7.80 (m, 1H), 7.67-7.63 (m, 2H), 7.61—
7.57 (m, 1H), 7.53-7.50 (m, 1H), 3.89-3.87 (m, 2H), 3.72-3.66 (m, 5H), 2.62 (t,
J = 6.0, 2H), 2.35 (s, 3H); LCMS (high pH): R, = 1.07 min (100%), MH" = 397.3.

4-(2-(((2-Hydroxyethyl)(methyl)amino)methyl)-5-methyl-4-o0x0-4,5-
dihydrothieno[3,2-c]pyridin-7-yl)-2-(trifluoromethyl)benzonitrile (2.072d)
A mixture of 2.056b (80 mg, 0.24 mmol), (4-cyano-3-
oy (trifluoromethyl)phenyl)boronic acid (62 mg, 0.29 mmol),
K,CO; (80mg, 0.58 mmol) and PEPPSI-Pr (15 mg,
0.022 mmol) in IPA (1.5 mL) and H,O (0.5 mL) was heated

at 120 °C in a microwave reactor for 0.5 h. The reaction

mixture was allowed to cool to rt and diluted with EtOAc (20 mL). The solution was
filtered through Celite®, passed through a hydrophobic frit and concentrated in
vacuo. The resulting residue was purifed by MDAP (formic acid). The resulting
residue was dissolved in MeOH (5 mL) and passed through a preconditioned
(MeOH, 20 mL) amino propyl column (10 g). The appropriate fractions were
combined and solvent evaporated in vacuo to give 2.072d (53 mg, 52%) as a pale
yellow solid; *H NMR (400 MHz, CD;0D) 8.21 (br.s, 1H), 8.17-8.12 (m, 2H), 7.85 (s,
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1H), 7.56-7.54 (m, 1H), 3.92-3.89 (m, 2H), 3.74 (s, 3H), 3.69 (t, J = 6.0, 2H), 2.63
(t, J = 6.0, 2H), 2.36 (s, 3H); LCMS (high pH): R, = 0.95 min (100%), MH* = 422.4.

5-Methyl-7-(4-methyl-3,4-dihydro-2H-benzo[b][1,4]oxazin-6-yl)-2-(2-methyl-4-
(methylsulfonyl)piperazine-1-carbonyl)thieno[3,2-c]pyridin-4(5H)-one (2.073b)
Following General Procedure 1 wusing 2.078 (67 mg,
0.15 mmol) and 4-methyl-2,3-dihydrobenzo-1,4-oxazine-6-
4§ boronic acid, pinacol ester (30 mg, 0.18 mmol) gave,
following purification using procedure 1, 2.073b (11 mg,
14%) as a white solid; *H NMR (400 MHz, CD;OD) & ppm
7.89 (s, 1H), 7.61 (s, 1H), 6.93 (d, J=1.8, 1H), 6.85 (dd, J = 8.2, 1.8, 1H), 6.80 (d,
J=8.2, 1H), 4.42-4.36 (m, 1H), 4.33 (t, J =4.4, 2H), 3.78-3.73 (m, 1H), 3.72 (s,
3H), 3.61-3.56 (m, 1H), 3.55-3.46 (m, 1H), 3.09-3.03 (m, 1H), 2.98-2.85 (m, 8H)
1.46 (d, J = 6.9, 3H) N.B. 2H signal hidden under solvent peak; LCMS (formic acid):
R, = 0.90 min (100%), MH" = 517.3.

'S0,Me

4-(5-Methyl-2-(2-methyl-4-(methylsulfonyl)piperazine-1-carbonyl)-4-oxo0-4,5-
dihydrothieno[3,2-c]pyridin-7-yl)-2-(trifluoromethyl)benzonitrile (2.073d)

0 Following General Procedure 1 using 2.078 (67 mg,

N m 2 0.15 mmol) and (4-cyano-3-(trifluoromethyl)phenyl)boronic
NS

s <N_ acid (39 mg, 0.18 mmol) gave, following purification using

- N\SO2Me procedure 1, 2.073d (16 mg, 20%) as a white solid; *H NMR

CN ’ (400 MHz, CD3;0D) & ppm 8.23-8.21 (m, 1H), 8.16-8.14 (m,

2H), 7.98 (s, 1H), 7.92 (s, 1H), 4.42—-4.35 (m, 1H), 3.79-3.72 (m, 4H), 3.61-3.56 (m,
1H), 3.54-3.47 (m, 1H), 3.10-3.04 (m, 1H), 2.97-2.92 (m, 1H), 2.98-2.90 (m, 1H),
2.89 (s, 3H), 1.46 (d, J=6.9, 3H); LCMS (formic acid): R;=1.00 min (100%),
MH"* = 539.1.

(S)-7-Bromo-N-(1,1-dioxidotetrahydrothiophen-3-yl)-5-methyl-4-0x0-4,5-
dihydrothieno[3,2-c]pyridine-2-carboximidamide (2.080a)
Q To a suspension of 2.062 (100 mg, 0.37 mmol) in MeOH
NH
N N (20 mL), NaOMe (25% solution in MeOH) (0.1 mL,
XS HNn---<:‘T’O2 . . .
B 0.37 mmol) was added. The reaction mixture was left to stir
at 75°C for 0.5h. (S)-3-aminotetrahydrothiophene-1,1-dioxide hydrochloride
(96 mg, 0.56 mmol) was added and the mixture was left to stir for 18 h at 75 °C. (S)-

3-aminotetrahydrothiophene-1,1-dioxide hydrochloride (96 mg, 0.56 mmol) was

added and the reaction mixture was stirred for a further 5 h at 75 °C. The volatile
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components were removed in vacuo and the resulting solid was suspended in
MeOH (50 mL), filtered under reduced pressure, washed with MeOH (50 mL),
collected and dried under vacuum at 40 °C to give 2.080a (98 mg, 65%) as a white
solid; *"H NMR (400 MHz, DMSO-dg) & ppm 8.19 (s, 1H), 7.99 (s, 1H), 6.90 (br.s,
2H), 4.30-4.23 (m, 1H), 3.51 (s, 3H), 3.48-3.40 (m, 1H), 3.30-3.25 (m, 1H), 3.10-
3.01 (m, 1H), 2.83-2.75 (m, 1H), 2.40-2.32 (m, 1H), 2.04-1.94 (m, 1H); LCMS
(formic acid): R; = 0.46 min (81%), MH" = 404.0, 406.0.

(R)-7-Bromo-N-(1,1-dioxidotetrahydrothiophen-3-yl)-5-methyl-4-o0x0-4,5-
dihydrothieno[3,2-c]pyridine-2-carboximidamide (2.080b)
o] To a suspension of 2.062 (100 mg, 0.37 mmol) in MeOH
1 Wk ., (20mL), NaOMe (25% solution in MeOH) (0.1 mL,
\Br ® HN—O i 0.37 mmol) was added. The reaction mixture was left to stir
at 75°C for 0.5h. (R)-3-aminotetrahydrothiophene-1,1-dioxide hydrochloride
(191 mg, 1.12 mmol) was added and the mixture was left to stir for a 18 h at 75 °C.

N

(R)-3-aminotetrahydrothiophene-1,1-dioxide hydrochloride (191 mg, 1.12 mmol) was
added and the reaction mixture was stirred for a further 48 h at 75 °C. The volatile
components were removed in vacuo and the resulting solid was suspended in
MeOH (50 mL), filtered under reduced pressure and washed with MeOH (50 mL).
The resulting filtrate was concentrated in vacuo. The resulting solid was suspended
in DCM (50 mL), filtered under reduced pressure, washed with DCM (50 mL),
collected and dried to give 2.080b (126 mg, 71%) as a pale yellow solid; *H NMR
(400 MHz, DMSO-d;) & ppm 8.19 (s, 1H), 7.99 (s, 1H), 6.90 (br.s, 2H), 4.30-4.23
(m, 1H), 3.51 (s, 3H), 3.48-3.40 (m, 1H), 3.30-3.25 (m, 1H), 3.10-3.01 (m, 1H),
2.83-2.75 (m, 1H), 2.40-2.32 (m, 1H), 2.04-1.94 (m, 1H); LCMS (formic acid):
R = 0.45 min (92%), MH" = 404.0, 406.0.

(S)-7-(4-Cyano-3-(trifluoromethyl)phenyl)-N-(1,1-dioxidotetrahydrothiophen-3-
yl)-5-methyl-4-o0x0-4,5-dihydrothieno[3,2-c]pyridine-2-carboximidamide
(2.079a)
o A mixture of 2.080a (98 mg, 0.24 mmol), (4-cyano-3-
R a o (trifluoromethyl)phenyl)boronic acid (63 mg, 0.29 mmol),
Y S HN""'O " PEPPSI-Pr (15mg, 0.02mmol) and K,COs (80mg,
0.58 mmol) in H,O (1 mL) and IPA (3 mL) was heated at
CN o 120°C in a microwave reactor for 0.5 h. The reaction

mixture was allowed to cool to rt and diluted with EtOAc (40 mL). The solution was
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filtered through Celite® and concentrated in vacuo. The resulting residue was
purified by MDAP (formic acid). The appropriate fractions were combined and
concentrated in vacuo. The resulting residue was dissolved in MeOH (5 mL) and
passed through a preconditioned (MeOH, 20 mL) amino propyl column (10 g). The
appropriate fractions were combined and concentrated in vacuo to give 2.079a
(17 mg, 14%) as a white solid; *"H NMR (400 MHz, DMSO-dg) 5 ppm 8.33 (d, J = 7.8,
1H), 8.24-8.21 (m, 2H), 8.20 (s, 1H), 8.11 (s, 1H), 6.91 (br.s, 2H), 4.29-4.20 (m,
1H), 3.61 (s, 3H), 3.49-3.42 (m, 1H), 3.29-3.22 (m, 1H), 3.08-2.99 (m, 1H), 2.80—
271 (m, 1H), 2.40-2.31 (m, 1H), 2.01-1.88 (m, 1H); LCMS (formic acid):
R; = 0.72 min (100%), MH" = 495.1.

(R)-7-(4-Cyano-3-(trifluoromethyl)phenyl)-N-(1,1-dioxidotetrahydrothiophen-3-
y)-5-methyl-4-o0x0-4,5-dihydrothieno[3,2-c]pyridine-2-carboximidamide
(2.079b)

o] A mixture of 2.080b (126 mg, 0.27 mmol), (4-cyano-3-
> R N . (trifluoromethyl)phenyl)boronic acid (68 mg, 0.32 mmol),

NS HN’O * PEPPSI'Pr (16 mg, 0.02mmol) and K,CO; (88mg,

0.64 mmol) in H,O (1 mL) and IPA (3 mL) was heated at

eN o 120°C in a microwave reactor for 0.5h. The reaction
mixture was allowed to cool to rt, diluted with EtOAc (40 mL), filtered through Celite®
and concentrated in vacuo. The resulting residue was purified by MDAP (formic
acid). The appropriate fractions were combined and concentrated in vacuo. The
resulting residue was dissolved in MeOH (5mL) and passed through a
preconditioned (MeOH, 20 mL) amino propyl column (10 g). The appropriate
fractions were combined and concentrated in vacuo to give 2.079b (10 mg, 8%) as a
white solid ; *H NMR (400 MHz, DMSO-ds) & ppm 8.33 (d, J = 7.8, 1H), 8.24-8.21
(m, 2H), 8.20 (s, 1H), 8.11 (s, 1H), 6.91 (br.s, 2H), 4.29-4.20 (m, 1H), 3.61 (s, 3H),
3.49-3.42 (m, 1H), 3.29-3.22 (m, 1H), 3.08-2.99 (m, 1H), 2.80-2.71 (m, 1H), 2.40—
2.31 (m, 1H), 2.01-1.88 (m, 1H); LCMS (formic acid): R;=0.71 min (100%),
MH" = 495.1.
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General Procedure 2: Synthesis of amidine array compounds

o R'-B(OR?),, K,CO3, PEPPSI-Pr o
~ H wave, 120 °C, 0.5 h ~ H
N | N\ H N | N\
s O O
Br R!

A mixture of 2.064 (63 mg, 0.15 mmol, 1.0 eq.), boronic acid/ester (0.18 mmol,
1.2 eq.), K,CO;3 (50 mg, 0.36 mmol, 2.4 eq.) and PEPPSI-Pr (9 mg, 0.01 mmol,
0.09 eq.) in H,O (0.3 mL) and IPA (0.9 mL) was heated at 120 °C in a microwave
reactor for 0.5 h. The reaction mixture was allowed to cool to rt and diluted with
EtOAc (3 mL). The solution was passed through a preconditioned (EtOAc, 5 mL) C-
18 column (1 g) and rinsed with EtOAc (3 mL) and MeOH (2 mL). The filtrate was
collected and blown down under nitrogen at 40 °C. The resulting residue was
purified by MDAP (formic acid). The solvent was evaporated under a stream of
nitrogen at 40 °C. The resulting residue was dissolved in MeOH (5 mL) and passed
through a preconditioned (MeOH, 20 mL) amino propyl column (10g). The
appropriate fractions were combined and solvent evaporated in vacuo to give the
required product.

7-(4-Cyano-3-fluorophenyl)-N-(1,1-dioxidotetrahydro-2H-thiopyran-4-yl)-5-
methyl-4-oxo0-4,5-dihydrothieno[3,2-c]pyridine-2-carboximidamide (2.081a)
0 Following General Procedure 2 using 4-cyano-3-

fluorophenylboronic acid (30 mg, 0.18 mmol), gave 2.081a

HNOOZ (10 mg, 14%) as an off white solid; *H NMR (400 MHz,

DMSO-ds) & ppm 8.17 (s, 1H), 8.12-8.07 (m, 1H), 8.04 (s,

oN 1H), 7.83 (d, J =9.6, 1H), 7.75 (dd, J =9.6, 1.6, 1H), 6.80

(br.s, 2H), 3.63-3.57 (m, 4H), 3.22-3.13 (m, 2H), 3.12-3.03 (m, 2H), 2.06-1.97 (m,
2H), 1.96-1.86 (m, 2H); LCMS (formic acid): R, = 0.63 min (100%), MH" = 459.1.

7-(4-Cyanophenyl)-N-(1,1-dioxidotetrahydro-2H-thiopyran-4-yl)-5-methyl-4-oxo-
4,5-dihydrothieno[3,2-c]pyridine-2-carboximidamide (2.081b)

o Following General Procedure 2 using 4-

N\ | S\ HN—<:\/SO cyanophenylboronic acid (26 mg, 0.18 mmol), gave 2.081b

2 (18 mg, 26%) as an off white solid; *H NMR (400 MHz,

DMSO-ds) & ppm 8.16 (s, 1H), 8.00 (d, J =8.5, 2H), 7.94

CN (s, 1H), 7.86 (d, J = 8.5, 2H), 6.77 (br.s, 2H), 3.63-3.58 (m,
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4H), 3.21-3.13 (m, 2H), 3.10-3.01 (m, 2H), 2.05-1.97 (m, 2H), 1.96-1.86 (m, 2H);
LCMS (formic acid): R, = 0.59 min (100%), MH" = 474.3.

N-(1,1-Dioxidotetrahydro-2H-thiopyran-4-yl)-7-(4-methoxy-3-
(trifluoromethyl)phenyl)-5-methyl-4-ox0-4,5-dihydrothieno[3,2-c]pyridine-2-
carboximidamide (2.081c)

Following General Procedure 2 using (4-methoxy-3-

0
NH
\N\I S\ HN—OO trifluoromethylphenyl)boronic acid (40 mg, 0.18 mmol)
? gave, 2.081c (32 mg, 40%) as a white solid; *H NMR
(400 MHz, DMSO-dg) & ppm 8.14 (s, 1H), 7.93 (dd,
OMe

J=8.6, 2.3, 1H), 7.80 (s, 1H), 7.79 (d, J = 2.3, 1H), 7.44
(d, J = 8.6, 1H), 6.75 (br.s, 2H), 3.97 (s, 3H), 3.64-3.57 (m, 4H), 3.21-3.12 (m, 2H),
3.10-3.01 (m, 2H), 2.06-1.97 (m, 2H), 1.96-1.87 (m, 2H); LCMS (formic acid):
R, = 0.77 min (100%), MH* = 514.2.

N-(1,1-Dioxidotetrahydro-2H-thiopyran-4-yl)-7-(3-methoxy-4-methylphenyl)-5-
methyl-4-0x0-4,5-dihydrothieno[3,2-c]pyridine-2-carboximidamide (2.081d)
Following General Procedure 2 using (3-methoxy-4-

O
N N A methylphenyl)boronic acid gave (30 mg, 0.18 mmol),
NS
s HNO°2 2.081d (35 mg, 48%) as a white solid; m.p. 185-186 °C;
Vmax (solid)/cm™: 1637 (C=0), 1592 (C=N), 1251, 1119
OMe

(S=0); *H NMR (400 MHz, DMSO-dg) & ppm 8.12 (s, 1H),
7.75 (s, 1H), 7.27 (d, J=7.8, 1H), 7.15-7.09 (m, 2H), 6.73 (br.s, 2H), 3.85 (s, 3H),
3.65-3.56 (m, 4H), 3.23-3.15 (m, 2H), 3.07-2.97 (m, 2H), 2.20 (s, 3H), 2.06-1.96
(m, 2H), 1.95-1.86 (m, 2H); **C NMR (101 MHz, DMSO-dg) & ppm 157.7, 157.6,
149.2, 148.0, 141.8, 134.7, 133.3, 130.7, 129.6, 125.3, 122.4, 118.9, 115.3, 109.6,
55.3, 49.0, 48.4, 36.2, 30.1, 15.7; HRMS (M + H)" calculated for CyHzsN30,S;
460.1359; found 460.1346; LCMS (formic acid): R;= 0.71 min (99%), MH" = 460.2.
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7-(2,3-Dihydrobenzo[b][1,4]dioxin-6-yl)-N-(1,1-dioxidotetrahydro-2H-thiopyran-
4-yl)-5-methyl-4-o0x0-4,5-dihydrothieno[3,2-c]pyridine-2-carboximidamide
(2.081e)

Following General Procedure 2 using 1,4-benzodioxane-6-
boronic acid (32 mg, 0.18 mmol) gave, 2.08le (32 mg,
43%) as a white solid; m.p. 237—240 °C; Vmax (solid)/cm™:
1636 (C=0), 1592 (C=N), 1254, 1124 (S=0), 1065, 854,
'H NMR (400 MHz, DMSO-dg) & ppm 8.12 (s, 1H), 7.67 (s,
1H), 7.11-7.06 (m, 2H), 7.00 (d, J=8.1, 1H), 6.72 (br.s, 2H), 4.31 (s, 4H), 3.64—
3.58 (m, 1H), 3.57 (s, 3H), 3.22-3.13 (m, 2H), 3.10-3.01 (m, 2H), 2.07-1.97 (m,
2H), 1.96-1.87 (m, 2H); **C NMR (101 MHz, DMSO-ds) & ppm 157.6, 149.3, 147.9,
143.6, 143.2, 141.6, 133.2, 129.5, 128.9, 122.5, 120.3, 117.5, 115.9, 114.7, 64.1,
49.5, 48.6, 40.4, 36.2, 30.1; HRMS (M + H)" calculated for CH23N30sS, 474.1152;
found 474.1160; LCMS (formic acid): R;= 0.61 min (95%), MH" = 474.20.

N-(1,1-Dioxidotetrahydro-2H-thiopyran-4-yl)-7-(3-methoxyphenyl)-5-methyl-4-
oxo0-4,5-dihydrothieno[3,2-c]pyridine-2-carboximidamide (2.081f)
o] Following General Procedure 2 using (3-
N R methoxyphenyl)boronic acid (27 mg, 0.18 mmol) gave,
NS “NOOZ 2.081f (5mg, 7%) as a white solid; *H NMR (400 MHz,
DMSO-dg) & ppm 8.13 (s, 1H), 7.79 (s, 1H), 7.47-7.42 (m,
1H), 7.24-7.20 (m, 1H), 7.17-7.15 (m, 1H), 7.00 (dd,
J=8.3, 2.3, 1H), 6.74 (br.s, 2H), 3.83 (s, 3H), 3.64-3.57 (m, 4H), 3.22-3.13 (m,
2H), 3.09-3.00 (m, 2H), 2.06-1.96 (m, 2H), 1.96-1.86 (m, 2H); LCMS (formic acid):
R; = 0.63 min (98%), MH" = 446.3.

OMe

N-(1,1-Dioxidotetrahydro-2H-thiopyran-4-yl)-5-methyl-4-oxo0-7-(3,4,5-
trimethoxyphenyl)-4,5-dihydrothieno[3,2-c]pyridine-2-carboximidamide
(2.08lg)

Following General Procedure 2 using (3,4,5-

trimethoxyphenyl)boronic acid (38 mg, 0.18 mmol)
_<:\/S gave, 2.081g (15 mg, 19%) as a white solid; *H NMR
(400 MHz, DMSO-dg) 6 ppm 8.12 (s, 1H), 7.78 (s, 1H),

6.92 (s, 2H), 6.75 (br.s, 2H), 3.84 (s, 6H), 3.73 (s, 3H),
3.67-3.61 (m 1H), 3.59 (s, 3H), 3.26-3.17 (m, 2H), 3.07-2.98 (m, 2H), 2.06-1.97
(m, 2H), 1.96-1.88 (m, 2H); LCMS (formic acid): R, = 0.61 min (95%), MH" = 506.3.
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N-(1,1-Dioxidotetrahydro-2H-thiopyran-4-yl)-7-(2-methoxypyridin-4-yl)-5-
methyl-4-0x0-4,5-dihydrothieno[3,2-c]pyridine-2-carboximidamide (2.081h)
0 Following General Procedure 2 using 2-methoxypyridine-
SN TN N 4-boronic acid (28 g, 0.18 mmol) gave, 2.081h (20 mg,
YOS “N—Ooz 28%) as a white solid; m.p. 186-188 °C: Vi (solid)/cm™
\/I 1641 (C=N), 1590, 1397, 1266, 1108 (S=0); 'H NMR
N oV (400 MHz, DMSO-ds) & ppm 8.29 (d, J = 5.5, 1H), 8.15 (s,
1H), 8.00 (s, 1H), 7.29 (dd, J=5.5, 1.3, 1H), 7.07 (d, J = 1.3, 1H), 6.77 (br.s, 2H),
3.92 (s, 3H), 3.64-3.57 (m, 4H), 3.21-3.13 (m, 2H), 3.11-3.02 (m, 2H), 2.08-1.98
(m, 2H), 1.97-1.90 (m, 2H); *C NMR (101 MHz, DMSO-ds) & ppm 164.3, 157.7,
149.2, 147.7, 146.4, 146.3, 141.8, 135.2, 129.9, 122.4, 115.4, 112.3, 107.9, 53.3,

49.5, 48.6, 36.4, 30.1; HRMS (M + H)" calculated for C,H,,N,0,4S, 447.1155; found
447.1153; LCMS (formic acid): R; = 0.56 min (100%), MH" 447.2.

7-(6-Cyanopyridin-3-yl)-N-(1,1-dioxidotetrahydro-2H-thiopyran-4-yl)-5-methyl-
4-0x0-4,5-dihydrothieno[3,2-c]pyridine-2-carboximidamide (2.081i)

o Following General Procedure 2 using 2-cyanopyridine-5-
N R A boronic acid (41 mg, 0.18 mmol) gave, 2.081li (10 mg,
Y S HN_<:\/E'02 14%) as an off white solid; *H NMR (400 MHz, DMSO-ds)
: |N o ppm 9.04 (d, J=2.0, 1H), 8.36 (dd, J=8.2, 2.0, 1H),

CN 8.19 (d, J=8.2, 1H), 8.17 (s, 1H), 8.07 (s, 1H), 6.79 (br.s,
2H), 3.63-3.58 (m, 4H), 3.22-3.13 (m, 2H), 3.10-3.01 (m, 2H), 2.06-1.97 (m, 2H),

1.97-1.86 (m, 2H); LCMS (formic acid): R; = 0.51 min (100%), MH" = 442.1.

N-(1,1-Dioxidotetrahydro-2H-thiopyran-4-yl)-5-methyl-4-oxo-7-(6-
(trifluoromethyl)pyridin-3-yl)-4,5-dihydrothieno[3,2-c]pyridine-2-
carboximidamide (2.081))

0 Following General Procedure 2 using 2-
\N\ | S\ H:H . (trifluoromethyl)pyridine-5-boronic acid (34 mg, 0.18 mmol)
_<:\/S > gave, 2.081j (15 mg, 19%) as an off white solid; *H NMR
: l (400 MHz, DMSO-dg) & ppm 9.03 (d, J=1.8, 1H), 8.39
CF, (dd, J=8.1, 1.8, 1H), 8.18 (s, 1H), 8.08 (d, J=8.1, 1H),
8.04 (s, 1H), 6.80 (br.s, 2H), 3.63-3.55 (m, 4H), 3.22-3.13 (m, 2H), 3.09-3.01 (m,
2H), 2.05-1.96 (m, 2H), 1.95-1.84 (m, 2H); LCMS (formic acid): R;=0.61 min

(100%), MH* = 485.2.
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N-(1,1-Dioxidotetrahydro-2H-thiopyran-4-yl)-5-methyl-7-(1-methyl-1H-pyrazol-
4-yl)-4-o0x0-4,5-dihydrothieno[3,2-c]pyridine-2-carboximidamide (2.081k)

o Following General Procedure 2 using 1-methylpyrazole-4-
SN T NH boronic acid pinacol ester (37 mg, 0.18 mmol) gave,
XS HNOOZ 2.081k (11 mg, 17%) as a white solid; *H NMR (400 MHz,
& DMSO-dg) 6 ppm 8.13 (s, 1H), 8.09 (s, 1H), 7.82 (s, 1H),
N—N

\ 7.78 (s, 1H), 6.75 (br.s, 2H), 3.93 (s, 3H), 3.65-3.57 (m,
1H), 3.56 (s, 3H), 3.24-3.15 (m, 2H), 3.12-3.03 (m, 2H), 2.07-1.98 (m, 2H), 1.98—

1.88 (m, 2H); LCMS (formic acid): R, = 0.44 min (100%), MH* = 420.3.

N-(1,1-Dioxidotetrahydro-2H-thiopyran-4-yl)-7-(2-methoxypyrimidin-5-yl)-5-
methyl-4-ox0-4,5-dihydrothieno[3,2-c]pyridine-2-carboximidamide (2.081l)
0 A mixture of 2.064 (100mg, 0.24 mmol), (2-

~N

N methoxypyrimidin-5-yl)boronic acid (45 mg, 0.29 mmol),

| A NH
NS .
° HN_<:\/5°2 K.COs (79mg, 0.57mmol) and PEPPSI-Pr (15mg,
g 0.09 mmol) in H,0 (0.5 mL) and IPA (1.5 mL) was heated
e

OMe to 120 °C in a microwave reactor for 0.5 h. The reaction

N

mixture was allowed to cool to rt, diluted with EtOAc (20 mL), filtered through Celite®
and concentrated in vacuo. The resulting residue was purified by MDAP (formic
acid). The appropriate fractions were combined and solvent evaporated in vacuo.
The resulting residue was dissolved in MeOH (5 mL) and passed through a
preconditioned (MeOH, 20 mL) amino propyl column (10 g). The appropriate
fractions were combined and solvent evaporated in vacuo to give 2.081l (36 mg,
34%) as a white solid; m.p. 297—-299 °C (decomp.); Vmax (solid)/cm™: 1644 (C=N),
1602, 1473, 1409, 1114 (S=0); 'H NMR (400 MHz, DMSO-ds) & ppm 8.86 (s, 2H),
8.15 (s, 1H), 7.86 (s, 1H), 6.77 (br.s, 2H) 4.00 (s, 3H), 3.64-3.58 (m, 4H), 3.23-3.14
(m, 2H), 3.08-2.99 (m, 2H), 2.06-1.97 (m, 2H), 1.95-1.87 (m, 2H); *C NMR
(101 MHz, DMSO-dg) 6 ppm 164.6, 158.1, 157.7, 149.1, 147.8, 142.0, 134.3, 129.6,
123.8, 122.5, 108.5, 54.8, 49.3, 48.5, 36.3, 30.1; HRMS (M + H)" calculated for
C1gH2oNs0,4S, 448.1108; found 448.1105; LCMS (formic acid): R;=0.49 min
(100%), MH" = 448.2.
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7-(2-(Dimethylamino)pyrimidin-5-yl)-N-(1,1-dioxidotetrahydro-2H-thiopyran-4-
y-5-methyl-4-0x0-4,5-dihydrothieno[3,2-c]pyridine-2-carboximidamide
(2.081m)
0 A mixture of 2.064 (100mg, 0.24 mmoal), (2-
\N\ | S\ NH (dimethylamino)pyrimidin-5-yl)boronic acid (48 mg,
HNOOZ 0.29 mmol), K,COs (79 mg, 0.57 mmol) and PEPPSI-Pr
:(IN (15 mg, 0.09 mmol) in H,O (0.5 mL) and IPA (1.5 mL) was

NMe, heated to 120 °C in a microwave reactor for 0.5 h. The

N

reaction mixture was allowed to cool to rt, diluted with EtOAc (20 mL), filtered
through Celite® and concentrated in vacuo. The resulting residue was purified by
MDAP (formic acid). The appropriate fractions were combined and solvent
evaporated in vacuo. The resulting residue was dissolved in MeOH (5 mL) and
passed through a preconditioned (MeOH, 20 mL) amino propyl column (10 g). The
appropriate fractions were combined and solvent evaporated in vacuo to give
2.081m (26 mg, 0.06 mmol, 24%) as a white solid; ‘H NMR (400 MHz, DMSO-ds)
0 ppm 8.57 (s, 2H), 8.13 (s, 1H), 7.72 (s, 1H), 6.75 (br.s, 2H), 3.64-3.58 (m, 1H),
3.56 (s, 3H), 3.23-3.14 (m, 8H), 3.08-3.00 (m, 2H), 2.05-1.97 (m, 2H), 1.95-1.87
(m, 2H); LCMS (formic acid): R; = 0.56 min (100%), MH" = 461.2.

7-(6-(Dimethylamino)pyridin-3-yl)-N-(1,1-dioxidotetrahydro-2H-thiopyran-4-yl)-
5-methyl-4-o0x0-4,5-dihydrothieno[3,2-c]pyridine-2-carboximidamide (2.081n)

o] A  mixture of 2.064 (100mg, 0.24 mmoal), (6-
~N

N R A (dimethylamino)pyridin-3-yl)boronic acid (48 mg,
NS HN—<:>502 i
0.29 mmol), PEPPSI-'Pr (15 mg, 0.02 mmol) and K,COs

i |N (79 mg, 0.57 mmol) in H,O (1 mL) and IPA (3 mL) was
NMe, heated to 120 °C in a microwave reactor for 0.5 h. The

reaction mixture was allowed to cool to rt, diluted with EtOAc (40 mL), filtered
through Celite® and concentrated in vacuo. The resulting residue was purified by
MDAP (formic acid). The appropriate fractions were combined and concentrated in
vacuo. The resulting residue was dissolved in MeOH (5 mL) and passed through a
preconditioned (MeOH, 20 mL) amino propyl column (10 g). The appropriate
fractions were combined and concentrated in vacuo to give 2.081n (50 mg, 46%) as
a white solid; *"H NMR (400 MHz, DMSO-ds) & ppm 8.30 (d, J = 2.4, 1H), 8.12 (s,
1H), 7.74 (dd, J = 8.8, 2.4, 1H), 7.66 (s, 1H), 6.77 (d, J = 8.8, 1H), 6.74 (br.s, 2H),
3.64-3.58 (m, 1H), 3.57 (s, 3H), 3.22-3.13 (m, 2H), 3.08 (s, 6H), 3.06—2.99 (m, 2H),
2.05-1.96 (m, 2H), 1.95-1.84 (m, 2H); LCMS (formic acid): R = 0.40 min (100%),
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MH" = 460.2.

N-(1,1-Dioxidotetrahydro-2H-thiopyran-4-yl)-7-(4-methoxy-3,5-dimethylphenyl)-
5-methyl-4-o0x0-4,5-dihydrothieno[3,2-c]pyridine-2-carboximidamide (2.0810)
A mixture of 2.064 (100 mg, 0.24 mmol), (4-methoxy-3,5-
dimethylphenyl)boronic acid (52 mg, 0.29 mmol), PEPPSI-
'Pr (15 mg, 0.02 mmol) and K,COj; (79 mg, 0.57 mmol) in
H,O (0.5 mL) and IPA (1.5 mL) was heated at 120 °C in a
OMe microwave reactor for 0.5 h. The reaction mixture was
allowed to cool to rt, diluted with EtOAc (20 mL), filtered through Celite® and

concentrated in vacuo. The resulting residue was purified by MDAP (formic acid).
The appropriate fractions were combined and solvent evaporated in vacuo. The
resulting residue was dissolved in MeOH (5mL) and passed through a
preconditioned (MeOH, 20 mL) amino propyl column (10 g). The appropriate
fractions were combined and solvent evaporated in vacuo to give 2.0810 (52 mg,
46%) as a white solid; m.p. 267—269 °C; vnax (Solid)/cm™: 1641 (C=N), 1286, 1118
(S=0), 850; *H NMR (400 MHz, DMSO-dg) & ppm 8.12 (s, 1H), 7.67 (s, 1H), 7.27 (s,
2H), 6.72 (br.s, 2H), 3.71 (s, 3H), 3.62—3.55 (m, 4H), 3.20-3.13 (m, 2H), 3.11-3.01
(m, 2H), 2.30 (s, 6H), 2.06-1.96 (m, 2H), 1.96-1.85 (m, 2H); **C NMR (101 MHz,
DMSO-dg) 6 ppm 157.7, 156.4, 149.3, 147.9, 141.6, 133.3, 131.2, 130.9, 129.5,
127.8,122.5, 115.0, 59.3, 49.7, 48.7, 36.2, 30.2, 15.9; HRMS (M + H)" calculated for
Co3HogF3N304S, 474.1516; found 474.1516; LCMS (formic acid): R;=0.74 min
(100%), MH" = 474.2;

7-(5-Cyanopyridin-3-yl)-N-(1,1-dioxidotetrahydro-2H-thiopyran-4-yl)-5-methyl-
4-0x0-4,5-dihydrothieno[3,2-c]pyridine-2-carboximidamide (2.081p)

o] A mixture of 2.064 (100 mg, 0.24 mmol), (5-cyanopyridin-
N TN NH 3-yl)boronic acid (43 mg, 0.29 mmol), PEPPSI-'Pr (15 mg,

Y s HNO% 0.02 mmol) and K,CO; (79 mg, 0.57 mmol) in H,O
| (0.5mL) and IPA (1.5 mL) was heated at 120°C in a
N microwave reactor for 0.5 h. The reaction mixture was
allowed to cool to rt, diluted with EtOAc (20 mL), filtered through Celite® and
concentrated in vacuo. The resulting residue was purified by MDAP (formic acid).
The appropriate fractions were combined and solvent evaporated in vacuo. The
resulting residue was dissolved in MeOH (5mL) and passed through a

preconditioned (MeOH, 20 mL) amino propyl column (10 g). The appropriate
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fractions were combined and solvent evaporated in vacuo to give 2.081p (6 mg,
0.014 mmol, 6%) as a white solid; *H NMR (400 MHz, DMSO-ds) & ppm 9.15 (d,
J=2.0, 1H), 9.07 (d, J = 2.0, 1H), 8.62-8.59 (m, 1H), 8.17 (s, 1H), 7.99 (s, 1H), 6.79
(br.s, 2H), 3.63-3.58 (m, 4H), 3.21-3.13 (m, 2H), 3.10-3.01 (m, 2H), 2.06-1.97 (m,
2H) 1.97-1.87 (m, 2H); LCMS (formic acid): R; = 0.50 min (97%), MH" = 442.1.

N-(1,1-Dioxidotetrahydro-2H-thiopyran-4-yl)-5-methyl-4-oxo-7-(3-
(trifluoromethyl)phenyl)-4,5-dihydrothieno[3,2-c]pyridine-2-carboximidamide
(2.081q)
0 A mixture of 2.064 (100mg, 0.24 mmol), (3-
N N N (trifluoromethyl)phenyl)boronic acid (54 mg, 0.29 mmol),
NS HN‘OOZ PEPPSI-Pr (15mg, 0.02mmol) and K,COs; (79 mg,
0.57 mmol) in H,O (0.5 mL) and IPA (1.5 mL) was heated
CFs at 120 °C in a microwave reactor for 0.5 h. The reaction
mixture was allowed to cool to rt, diluted with EtOAc (40 mL), filtered through Celite®
and concentrated in vacuo. The resulting residue was purified by MDAP (formic
acid). The appropriate fractions were combined and concentrated in vacuo. The
resulting residue was dissolved in MeOH (5mL) and passed through a
preconditioned (MeOH, 20 mL) amino propyl column (10 g). The appropriate
fractions were combined and concentrated in vacuo to give 2.081qg (60 mg, 52%) as
a white solid; m.p. 266—268 °C: Vmax (solid)/cm™: 1634 (C=N), 1612, 1296 (C-F),
1115 (S=0); 'H NMR (400 MHz, DMSO-d¢) & ppm 8.16 (s, 1H), 8.02—7.98 (m, 1H),
7.94 (bs, 1H), 7.91 (s, 1H), 7.81-7.77 (m, 2H), 6.77 (br.s, 2H), 3.65-3.56 (m, 4H),
3.21-3.12 (m, 2H) 3.08-3.00 (m, 2H), 2.07-1.96 (m, 2H), 1.95-1.85 (m, 2H); **C
NMR (101 MHz, DMSO-d¢) & ppm 158.2, 149.7, 147.8, 142.2, 137.5, 135.2, 131.8,
130.7, 130.2, 130.3 (g, Jcr = 31.4), 125.0 (q, Jcr = 3.7), 124.54 (q, Jcr =3.7),
124.53 (q, Jo.r = 272.5), 123.0, 114.0, 50.0, 49.0, 36.8, 30.6; °F NMR (DMSO-ds)
d ppm -61.1; HRMS (M + H)" calculated for C,H»1F3sN3;O3S, 484.0971; found
484.0961. LCMS (formic acid) R, = 0.77 min (100%), MH" = 484.1.
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7-(3,4-Difluorophenyl)-N-(1,1-dioxidotetrahydro-2H-thiopyran-4-yl)-5-methyl-4-

oxo-4,5-dihydrothieno[3,2-c]pyridine-2-carboximidamide (2.081r)

A mixture of 2.064 (100mg, 0.24 mmol), (3,4-
difluorophenyl)boronic acid (45 mg, 0.29 mmol), PEPPSI-
'Pr (15 mg, 0.02 mmol) and K,CO3 (79 mg, 0.57 mmol) in
H,O (0.5 mL) and IPA (1.5 mL) was heated at 120 °C in a
microwave reactor for 0.5 h. The reaction mixture was
allowed to cool to rt, diluted with EtOAc (20 mL), filtered through Celite® and

concentrated in vacuo. The resulting residue was purified by MDAP (formic acid).
The appropriate fractions were combined and solvent evaporated in vacuo. The
resulting residue was dissolved in MeOH (5mL) and passed through a
preconditioned (MeOH, 20 mL) amino propyl column (10 g). The appropriate
fractions were combined and solvent evaporated in vacuo to give 2.081r (46 mg,
43%) as a white solid; *H NMR (400 MHz, DMSO-dg) & ppm 8.15 (s, 1H) 7.82 (s,
1H), 7.71 (ddd, J=11.7, 7.8, 2.2, 1H,), 7.65-7.57 (m, 1H), 7.55-7.50 (m, 1H), 6.77
(br.s, 2H), 3.64-3.55 (m, 4H), 3.22-3.13 (m, 2H), 3.11-3.01 (m, 2H) 2.06-1.96 (m,
2H), 1.96-1.85 (m, 2H); LCMS (formic acid): R; = 0.68 min (100%), MH" = 452.1.

7-(4-Cyano-3-methoxyphenyl)-N-(1,1-dioxidotetrahydro-2H-thiopyran-4-yl)-5-
methyl-4-ox0-4,5-dihydrothieno[3,2-c]pyridine-2-carboximidamide (2.081s)
A mixture of 2.064 (100 mg, 0.24 mmol), (4-cyano-3-

o}
N m A methoxyphenyl)boronic acid (51 mg, 0.29 mmol), PEPPSI-
NS .
s HN_OOZ 'Pr (15 mg, 0.02 mmol) and K,CO; (79 mg, 0.57 mmol) in
H,O (0.5 mL) and IPA (1.5 mL) was heated at 120 °C in a
OMe
CN

microwave reactor for 0.5 h. The reaction mixture was
allowed to cool to rt, diluted with EtOAc (20 mL), filtered through Celite® and
concentrated in vacuo. The resulting residue was purified by MDAP (formic acid).
The appropriate fractions were combined and solvent evaporated in vacuo. The
resulting residue was dissolved in MeOH (5mL) and passed through a
preconditioned (MeOH, 20 mL) amino propyl column (10 g). The appropriate
fractions were combined and solvent evaporated in vacuo to give 2.081s (24 mg,
21%) as a white solid; *"H NMR (400 MHz, DMSO-dg) & ppm 8.15 (s, 1H), 7.97 (s,
1H), 7.88 (d, J = 8.0, 1H), 7.45 (d, J=1.4, 1H), 7.42 (dd, J = 8.0, 1.4, 1H), 6.77
(br.s, 2H), 4.01 (s, 3H), 3.64-3.59 (m, 4H), 3.24-3.14 (m, 2H), 3.10-3.00 (M, 2H),
2.06-1.97 (m, 2H), 1.96-1.86 (m, 2H); LCMS (formic acid): R, = 0.65 min (100%),
MH" = 471.2.
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7-(4-Chloro-3-(trifluoromethyl)phenyl)-N-(1,1-dioxidotetrahydro-2H-thiopyran-
4-yl)-5-methyl-4-o0x0-4,5-dihydrothieno[3,2-c]pyridine-2-carboximidamide
(2.081t)
o] A mixture of 2.064 (100 mg, 0.24 mmol), (4-chloro-3-
N R (trifluoromethyl)phenyl)boronic acid (65 mg, 0.29 mmol),
YOS HNO% Pd(PPhs), (14 mg, 0.01mmol) and K,COs; (79 mg,
0.57 mmol) in H,O (1 mL) and IPA (3 mL) was heated at
Cl o 120 °'C in a microwave reactor for 0.5 h. The reaction
mixture was allowed to cool to rt, diluted with EtOAc (40 mL), filtered through Celite®
and concentrated in vacuo. The resulting residue was purified by MDAP (formic
acid). The appropriate fractions were combined and evaporated in vacuo. The
resulting residue was dissolved in MeOH (5mL) and passed through a
preconditioned (MeOH, 20 mL) amino propyl column (10 g). The appropriate
fractions were combined and concentrated in vacuo to give 2.081t (44 mg, 36%) as
a white solid; *H NMR (400 MHz, DMSO-ds) & ppm 8.16 (s, 1H), 8.05-8.04 (m, 1H),
8.03—-7.99 (m, 1H), 7.95 (s, 1H), 7.90 (d, J = 8.3, 1H), 6.77 (br.s, 2H), 3.64-3.57 (m,
4H), 3.21-3.12 (m, 2H), 3.09-3.01 (m, 2H), 2.06-1.96 (m, 2H), 1.96-1.85 (m, 2H);
LCMS (formic acid): R; = 0.82 min (100%), MH" = 518.1.

3-(2-(N-(1,1-Dioxidotetrahydro-2H-thiopyran-4-yl)carbamimidoyl)-5-methyl-4-
0x0-4,5-dihydrothieno[3,2-c]pyridin-7-yl)-N,N-dimethylbenzamide (2.081u)

o] A  mixture of 2.064 (100mg, 0.24 mmol), (3-
N R al (dimethylcarbamoyl)phenyl)boronic acid (55 mg,
NS HN‘G% 0.29 mmol), PEPPSI-Pr (15 mg, 0.02 mmol) and K,COs

NMe, (79 mg, 0.57 mmol) in H,O (0.5 mL) and IPA (1.5 mL) was

o heated at 120 °C in a microwave reactor for 0.5 h. The
reaction mixture was allowed to cool to rt, diluted with EtOAc (20 mL), filtered
through Celite® and concentrated in vacuo. The resulting residue was purified by
MDAP (formic acid). The appropriate fractions were combined and solvent
evaporated in vacuo. The resulting residue was dissolved in MeOH (5 mL) and
passed through a preconditioned (MeOH, 20 mL) amino propyl column (10 g). The
appropriate fractions were combined and solvent evaporated in vacuo to give
2.081u (40 mg, 0.10 mmol, 41%) as a white solid; *H NMR (400 MHz, DMSO-de)
d ppm 8.14 (s, 1H), 7.83 (s, 1H), 7.73-7.69 (m, 1H), 7.64-7.57 (m, 2H), 7.46-7.42
(m, 1H), 6.76 (br.s, 2H), 3.65-3.58 (m, 4H), 3.22-3.13 (m, 2H), 3.08-3.02 (m, 2H),
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2.05-1.96 (m, 2H), 1.95-1.85 (m, 2H); LCMS (formic acid): R; = 0.55 min (100%),
MH" = 487.2.

N-(1,1-Dioxidotetrahydro-2H-thiopyran-4-yl)-7-(isoxazol-4-yl)-5-methyl-4-oxo-
4,5-dihydrothieno[3,2-c]pyridine-2-carboximidamide (2.081v)
o] Following General Procedure 2 using 4-(4,4,5,5-tetramethy
N R N I-1,3,2-dioxaborolan-2-yl)isoxazole (35 mg, 0.18 mmol)
YOS HN@SOZ gave a complex mixture of products as judged by LCMS
o/—rQ analysis. Protodehalogenation of compound 2.064 was

observed as the major product; LCMS (formic acid): R;=0.39 min (32%),
MH" = 340.2.

N-(1,1-Dioxidotetrahydro-2H-thiopyran-4-yl)-5-methyl-7-(5-methylthiophen-2-
y-4-o0x0-4,5-dihydrothieno[3,2-c]pyridine-2-carboximidamide (2.081w)
Following General Procedure 2 using (5-methylthiophen-2-

o)

N TN N yl)boronic acid (26 mg, 0.18 mmol) gave a complex
A

S HNCSOZ mixture of products as judged by LCMS analysis.

/_S Protodehalogenation of compound 2.064 was observed as

the major product; LCMS (formic acid): R;=0.37 min
(39%), MH" = 340.2.

2-Bromo-5-ethylthieno[3,2-c]pyridin-4(5H)-one (2.084a)
o A single portion of ethyl iodide (1.40 mL, 17.39 mmol) was added
/\wm to a solution of 2.012 (2.00 g, 8.69 mmol) and Cs,CO; (8.50 g,
NS 26.10 mmol) in THF (35 mL) at rt. The reaction mixture was
heated at 60 °C for 18 h, then allowed to cool to rt and diluted with EtOAc (50 mL)
and H,O (50 mL). The separated aqueous phase was extracted with EtOAc (3 x 50
mL) and the combined organic layers were passed through a hydrophobic frit and
concentrated in vacuo to give 2.084a (2.30 g, quant.) as a light brown solid. 50 mg
of 2.084a was taken forward for purification by MDAP (formic acid), providing
suitably pure material (44 mg, 0.17 mmol) for full characterisation; m.p. 124-125 °C;
Vmax (SOlid)/cm™: 1632 (C=0), 1577, 1082, 846, 761; 'H NMR (500 MHz, DMSO-ds)
0 ppm 7.62 (s, 1H), 7.56 (d, J = 7.2, 1H), 6.89 (d, J=7.2, 1H), 3.99 (q, J = 7.2, 2H),
1.24 (t, J=7.2, 3H); *C NMR (125 MHz, DMSO-ds) & ppm 156.4, 148.3, 133.8,
130.2, 127.0, 111.7, 100.8, 43.3, 14.6; HRMS (M + H)" calculated for CoHyBrNOS
257.9583; found 257.9585. LCMS (formic acid), R, = 0.89 min (100%), MH" = 258.0,
260.0.
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5-Ethyl-4-0x0-4,5-dihydrothieno[3,2-c]pyridine-2-carbonitrile (2.085a)
o A mixture of 2.084a (1.10 g, 4.26 mmol), zinc cyanide (1.00 g,
8.52 mmol), and Pd(PPh3), (0.44 g, 0.3 mmol) in DMF (10 mL)

was heated to 115 °C in a microwave reactor for 3.5 h. This

7N | D—cN
XS

process was repeated to provide a second identical batch. The two batches were
allowed to cool to room temperature, diluted with EtOAc (50 mL each) and
combined. The solution was filtered through Celite® and concentrated in vacuo. The
resulting residue was purified by silica gel chromatography (0-3% MeOH in DCM).
The appropriate fractions were combined and concentrated in vacuo to give 2.085a
(2.70 g, 67%) as a light brown solid. 50 mg of 2.085a was taken forward for
purification by MDAP (formic acid), providing suitably pure material (33 mg,
0.16 mmol) for full characterisation; m.p. 157—158 °C; Vmax (solid)/cm™: 2211 (C=N),
1637 (C=0), 1595, 1247, 1078, 879, 780, 769; *H NMR (400 MHz, DMSO-dg) & ppm
8.32 (s, 1H), 7.82 (d, 3 =7.2, 1H), 7.03 (d, J = 7.2, 1H), 4.00 (q, J = 7.2, 2H), 1.25 (t,
J=17.2, 3H); *C NMR (101 MHz, DMSO-ds) & ppm 157.1, 151.1, 137.1, 136.7,
128.9, 114.2, 106.4, 100.9, 43.4, 14.5; HRMS (M + H)" calculated for C;oHgN,OS
205.0430; found 205.0429. LCMS (formic acid), R, = 0.76 min (98%), MH" = 205.0.

7-Bromo-5-ethyl-4-ox0-4,5-dihydrothieno[3,2-c]pyridine-2-carbonitrile (2.086a)
0 To a solution of 2.085a (1.17 g, 5.73 mmol) in THF (20 mL), NBS
N | S—cn  (1.53 g, 8.59 mmol) was added portion-wise. The reaction mixture
\Br S was left to stir at rt for 48 h. The volatile components were
removed in vacuo. The resulting solid was suspended in Et,O (50 mL), filtered under
reduced pressure, washed with Et,O (50 mL), collected and dried under vacuum at
40 °C to give 2.086a (1.69 g, quant.) as an off white solid; m.p. 197-198 °C; Vpax
(solid)/cm™: 3041, 2220 (C=N), 1654 (C=0), 1584, 1250, 1090, 766; ‘H NMR
(500 MHz, DMSO-dg) & ppm 8.50 (s, 1H), 8.26 (s, 1H), 4.02 (g, J = 7.2, 2H), 1.26 (t,
J=17.2, 3H); *C NMR (125 MHz, DMSO-ds) & ppm 156.1, 152.3, 138.2, 137.6,
128.3, 113.7, 107.0, 90.4, 43.9, 14.4; HRMS (M + H)" calculated for C,oHgBrN,OS
282.9535; found 282.9534. LCMS (formic acid), R; = 0.93 min (99%), MH" = 283.0,

285.0.
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7-Bromo-N-(1,1-dioxidotetrahydro-2H-thiopyran-4-yl)-5-ethyl-4-ox0-4,5-
dihydrothieno[3,2-c]pyridine-2-carboximidamide (2.087a)

o To a suspension of 2.086a (1.00 g, 3.53 mmol) in MeOH
/\@S—(NH (30 mL) at rt, sodium methoxide (25% weight in MeOH,

XS HN—CSOZ 0.81 mL, 3.53 mmol) was added in a single portion. The

Br reaction mixture was heated at 75°C for 5h. 4-
Aminotetrahydro-2H-thiopyran-1,1-dioxide hydrochloride (1.98 g, 10.60 mmol) was
added and the solution was heated for a further 18 h. The volatile components were
removed in vacuo and the resulting solid was suspended in Et,O (50 mL), filtered
under reduced pressure, washed with Et,O (50 mL) collected and dried under
vacuum at 40 °C to give 2.087a (1.55 g, quant.) as a white solid. 50 mg of 2.087a
was taken forward for purification by MDAP (high pH), providing suitably pure
material (25 mg, 0.06 mmol) for full characterisation; m.p. 284-285 °C; Vmax
(solid)/cm™: 1646 (C=N), 1578, 1284, 1124 (S=0), 853, 769; '‘H NMR (500 MHz,
DMSO-d¢) & ppm 8.18 (s, 1H), 8.01 (s, 1H), 6.80 (br.s, 2H), 4.01 (q, J =7.2, 2H),
3.68-3.61 (m, 1H), 3.27-3.20 (m, 2H), 3.10-3.03 (m, 2H), 2.09-2.00 (m, 2H), 1.99—
1.90 (m, 2H), 1.26 (t, J=7.2, 3H); **C NMR (125 MHz, DMSO-ds) & ppm 156.9,
149.5, 134.6, 129.7, 123.2, 109.7, 92.0, 48.6, 43.7, 30.2, 14.8; HRMS (M + H)"
calculated for C;5H;9BrN3;O3S, 432.0046; found 432.0046. LCMS (formic acid)
R = 0.53 min (100%), MH" = 432.1, 434.1.

N-(1,1-Dioxidotetrahydro-2H-thiopyran-4-yl)-5-ethyl-4-ox0-7-(3-
(trifluoromethyl)phenyl)-4,5-dihydrothieno[3,2-c]pyridine-2-carboximidamide
(2.082)
o] A mixture of 2.087a (150mg, 0.35mmoal), (3-
NN (trifluoromethyl)phenyl)boronic acid (79 mg, 0.42 mmol),
N i 50 peppsypr (21 mg, 0.03 mmol) and K,CO; (115 mg,
0.83 mmol) in H,O (1 mL) and IPA (3 mL) was heated at
cFs 120 °C in a microwave reactor for 0.5 h. The reaction
mixture was allowed to cool to rt, diluted with EtOAc (40 mL), filtered through Celite®
and concentrated in vacuo. The resulting residue was purified by MDAP (formic
acid). The appropriate fractions were combined and concentrated in vacuo. The
resulting residue was dissolved in MeOH (5mL) and passed through a
preconditioned (MeOH, 20mL) amino propyl column (10 g). The appropriate
fractions were combined and concentrated in vacuo to give 2.082 (50 mg, 29%) as a
white solid; m.p. 228—229 °C; Vpnax (solid)/cm™: 1640 (C=N), 1587, 1340, 1303 (C-F),
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1117 (S=0); *H NMR (500 MHz, DMSO-ds) & ppm 8.15 (s, 1H), 8.03-7.98 (m, 1H),
7.98-7.94 (m, 1H), 7.91 (s, 1H), 7.82-7.76 (m, 2H), 6.77 (br.s, 2H), 4.10 (g, J = 7.0,
2H), 3.64-3.57 (m, 1H), 3.21-3.12 (m, 2H), 3.10-3.00 (m, 2H), 2.06-1.96 (m, 2H),
1.96-1.85 (m, 2H), 1.32 (t, J=7.0, 3H); *C NMR (125 MHz, DMSO-ds) & ppm
157.6, 149.7, 147.7, 142.2, 137.5, 134.1, 131.9, 130.7, 130.5, 130.3 (q, Jor = 31.7),
125.0 (q, Jer = 3.7), 124.60 (q, Jor=3.7), 124.59 (q, Jer= 272.6), 123.1, 114.4,
49.9, 49.0, 44.0, 30.6, 15.2; °F NMR (376 MHz, DMSO-ds) & ppm -61.0; HRMS
(M + H)* calculated for CpHaFsN305S, 498.1128; found 498.1110. LCMS (formic
acid) R, = 0.81 min (100%), MH* = 498.1.

2-Bromo-5-isopropylthieno[3,2-c]pyridin-4(5H)-one (2.084b)
)\ o 2-lodopropane (1.3 mL, 13.04 mmol) was added in a single portion
’iﬁ[},m to a stirred suspension of 2.012 (1.50 g, 6.52 mmol) and K,COs
(2.26 g, 9.23 mmol) in 1,4-dioxane (10 mL) at rt. The vial was
sealed and heated at 150 °C in a microwave reactor for 5 h. The reaction mixture
was allowed to cool to rt, diluted with EtOAc (30 mL) and H,O (30 mL). The
separated aqueous phase was extracted with EtOAc (3 x 30 mL) and the combined
organic layers were passed through a hydrophobic frit and concentrated in vacuo.
The resulting residue was purified by silica gel chromatography (gradient: 0—-20%
EtOAc in cyclohexane). The appropriate fractions were combined and solvent
evaporated in vacuo to give 2.084b (1.37 g, 77%) as a pale yellow solid; *H NMR
(400 MHz, CDCIl3) & ppm 7.62 (s, 1H), 7.20 (d, J=7.5, 1H), 6.61 (d, J=7.5, 1H),
5.25-5.48 (m, 1H), 1.40 (d, J = 6.9, 6H); LCMS (formic acid) R; = 0.99 min (100%),
MH"* = 271.9, 273.9.

5-Isopropyl-4-oxo0-4,5-dihydrothieno[3,2-c]pyridine-2-carbonitrile (2.085b)
)\ o] A mixture of 2.084b (1.37 g, 5.02 mmol), zinc cyanide (1.18 g,
mCN 10.05 mmol) and Pd(PPhs), (0.52 g, 0.45 mmol) in DMF (12 mL)
was heated at 115 °C in a microwave reactor for 5 h. The reaction
mixture was allowed to cool to rt, diluted with EtOAc (30 mL), filtered through Celite®
and concentrated in vacuo. The resulting residue was purified by silica gel
chromatography (0—-40% EtOAc in cyclohexane). The appropriate fractions were
combined and solvent evaporated in vacuo to give 2.085b (998 mg, 77%) as an off
white solid; *H NMR (400 MHz, CDCl;) & ppm 8.17 (s, 1H), 7.39 (d, J = 7.5, 1H),
6.71 (d, J = 7.5, 1H), 5.40-5.32 (m, 1H), 1.42 (d, J = 6.9, 6H); LCMS (formic acid)
R; = 0.82 min (85%), MH" = 219.0.
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7-Bromo-5-isopropyl-4-oxo0-4,5-dihydrothieno[3,2-c]pyridine-2-carbonitrile

(2.086b)

)\ o To a stirred solution of 2.085b (998 mg, 4.57 mmol) in THF
N\ I D—cn (15 mL), NBS (1.22 g, 6.86 mmol) was added in a single portion.

S
The reaction mixture was left to stir at rt for 3 h. The volatile

compc?;lents were removed in vacuo and the resulting solid was suspended in Et,O
(50 mL), filtered under reduced pressure, rinsed with Et,O (50 mL), collected and
dried under vacuum at 40 °C to give 2.086b (1.15 g, 85%) as a white solid; *H NMR
(400 MHz, CDCls) & ppm 8.25 (s, 1H), 7.48 (s, 1H), 5.38-5.28 (m, 1H), 1.43 (d,

J=6.9, 6H); LCMS (formic acid) R; = 1.03 min (97%), MH" = 296.9, 298.9.

7-Bromo-N-(1,1-dioxidotetrahydro-2H-thiopyran-4-yl)-5-isopropyl-4-ox0-4,5-
dihydrothieno[3,2-c]pyridine-2-carboximidamide (2.087b)

o] To a suspension of 2.086b (1.00 g, 3.37 mmol) in MeOH
)\@\/\5_(”” (30 mL), NaOMe (25% weight in MeOH, 0.8 mL,

\Br s HN_CSOZ 3.37 mmol) was added in a single portion. The reaction

mixture was heated at 75°C for 0.5h. 4-

Aminotetrahydro-2H-thiopyran-1,1-dioxide hydrochloride (1.87 g, 10.10 mmol) was
added and the solution was heated at 75°C for a further 18 h. The volatile
components were removed in vacuo. The resulting solid was suspended in MeOH
(50 mL), filtered under reduced pressure, rinsed with MeOH (50 mL) collected and
dried under vacuum at 40 °C to give 2.087b (1.55 g, 93%) as a white solid; *H NMR
(400 MHz, DMSO-dg) & ppm 8.21 (s, 1H), 7.95 (s, 1H), 5.19-5.10 (m, 1H), 3.75—
3.66 (m, 1H), 3.41-3.05 (m, 4H), 2.31-2.21 (m, 2H), 2.10-1.95 (m, 2H), 1.35 (d,
J = 6.9, 6H); LCMS (formic acid) R, = 0.59 min (100%), MH" = 446.0, 448.0.

N-(1,1-Dioxidotetrahydro-2H-thiopyran-4-yl)-5-isopropyl-4-oxo-7-(3-
(trifluoromethyl)phenyl)-4,5-dihydrothieno[3,2-c]pyridine-2-carboximidamide
(2.083)
)\ o A  mixture of 2.087b (100mg, 0.22 mmoal), 3-
N B a (trifluoromethyl)phenyl)boronic acid (51 mg, 0.27 mmol),
Y S HNCSOZ PEPPSI-Pr (15mg, 0.02mmol) and K,COs; (74 mg,
0.54 mmol) in H,O (1 mL) and IPA (3 mL) was heated at
e 120 °C in a microwave reactor for 0.5 h. The reaction

mixture was allowed to cool to rt, diluted with EtOAc (40 mL), filtered through Celite®

and concentrated in vacuo. The resulting residue was purified by mass directed
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autopreparation (formic acid). The appropriate fractions were combined and
concentrated in vacuo. The resulting residue was dissolved in MeOH (20 mL) and
passed through a preconditioned (MeOH, 20 mL) amino propyl column (10 g). The
appropriate fractions were combined and concentrated in vacuo to give 2.083
(35 mg, 31%) as a white solid; m.p. 159-160 °C; Vpmax (solid)/cm™: 1637 (C=N),
1342, 1120 (S=0), 703; '"H NMR (400 MHz, DMSO-ds) & ppm 8.15 (s, 1H), 8.02—
7.93 (m, 2H), 7.82-7.74 (m, 3H), 6.76 (br.s, 2H), 5.27-5.18 (m, 1H), 3.65-3.56 (M,
1H), 3.21-3.10 (m, 2H), 3.10-2.98 (m, 2H), 2.06-1.95 (m, 2H), 1.95-1.86 (m, 2H),
1.42 (d, J=6.8, 6H); HRMS (M + H)" calculated for C,HzsF3N30sS, 512.1284;
found 512.1286; LCMS (formic acid) R; = 0.86 min (100%), (M + H)" = 512.1.

tert-Butyl (2-chloropyridin-3-yl)carbamate (3.006)
N A solution of 3.005 (50 g, 389.00 mmol) in THF (100 mL) was added
~ o drop-wise to a 1.0M solution of NaHMDS in THF (570 mL,
NHCO,Bu  856.00 mmol) over 0.5 h at -10 °C. The reaction mixture turned from a
brown solution to a dense suspension so THF (100 mL) was added and the mixture
was stirred for 0.5 h. Boc-anhydride (99 mL, 428.00 mmol) in THF (210 mL) was
added drop-wise over 0.5 h at -10 °C. The reaction mixture was left to stir at this
temperature for 3 h. 2 M HCI (450 mL) was added and the mixture was diluted with
EtOAc (500 mL). The organic layer was separated and the aqueous extracted into
EtOAc (8 x 300 mL). The combined organic layers were washed with water
(1000 mL) and brine (1000 mL). The organic layer was separated, passed through a
hydrophobic frit and concentrated in vacuo. The resulting residue was purified by
silica gel chromatography (0-50% EtOAc in cyclohexane). The appropriate fractions
were combined and solvent evaporated in vacuo to give 3.006 (81.08 g,
355.00 mmol, 91%) as a white solid; *H NMR (400 MHz, CDCIl;) & ppm 8.52 (dd,
J=8.3, 1.5, 1H), 8.04 (dd, J=4.7, 1.5, 1H), 7.23 (dd, J = 8.3, 4.7, 1H), 7.02 (br.s,
1H), 1.56 (s, 9H); LCMS (formic acid): R, =1.06 min (100%), MH" = 229.0. These

data are in good agreement with literature values.****°

tert-Butyl (2-chloro-4-formylpyridin-3-yl)carbamate (3.007)
N A solution of 3.006 (20g, 87.00 mmol) and TMEDA (29 mL,
O AN cl 192.00 mmol) in THF (400 mL) was cooled to -78 °C under
H  NHCO;Bu pjtrogen. "BuLi (1.6 M solution in hexanes) (120 mL, 192.00 mmol)
was added drop-wise over 0.5 h. The reaction mixture was stirred at -78 °C for 1.5 h

and then warmed to -20 °C and was left to stir for 20 minutes. The mixture was
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cooled to -78 °C and DMF (13.54 mL, 175.00 mmol) was added drop-wise over 15
minutes. The reaction mixture was stirred at -78 °C for 2 h and then warmed to
-20 °C. The solution was quenched with sat. ag. NH,Cl (300 mL) and diluted with
EtOAc (300 mL). The organic layer was separated and washed with brine (300 mL).
The organic layer was passed through a hydrophobic frit and concentrated in vacuo.
The resulting residue was purified by silica gel chromatography (0—-40% EtOAc in
cyclohexane). The appropriate fractions were combined and solvent evaporated in
vacuo to give 3.007 (14.62 g, 57.00 mmol, 65%) as a yellow solid; *H NMR
(400 MHz, CDCl3) 8 ppm 9.99 (s, 1H), 8.37 (d, J = 4.9, 1H), 7.68 (d, J = 4.9, 1H),
6.93 (br.s, 1H), 1.54 (s, 9H); LCMS (formic acid): R; = 0.96 min (61%), MH" = 257.0.

These data are in good agreement with literature values.®®

Ethyl 3-(3-((tert-butoxycarbonyl)amino)-2-chloropyridin-4-yl)-2-methylacrylate
(3.009)
NN NaH [60% weight in mineral oil (5.26 g, 131.00 mmol)] was
NN NN ¢ added portion-wise to a solution of 3.008 (28 mL,
© NHCO;Bu 131 .00 mmol) in DMF (45 mL) at 0 °C. The reaction mixture
was left to stir at this temperature for 0.5 h. A solution of 3.007 (22.5 g, 88.00 mmol)
in DMF (45 mL) was added drop-wise over 0.5 h at 0 °C. The reaction mixture was
left to stir at this temperature for 2 h and then quenched with sat. aq. NH,CI
(200 mL) and EtOAc (200 mL). The organic layer was separated and the aqueous
extracted with EtOAc (2 x 200 mL). The combined organic layers were passed
through a hydrophobic frit and concentrated in vacuo. The resulting residue was
purified by silica gel chromatography (0-60% EtOAc in cyclohexane). The
appropriate fractions were combined and solvent evaporated in vacuo to give 3.009
(21.09 g, 61.90 mmol, 71%) as a yellow oil; *"H NMR (400 MHz, CDCl;) & ppm 8.25
(d, J=4.9, 1H), 7.54 (s, 1H), 7.18 (d, J = 4.9, 1H), 6.42 (br.s, 1H), 4.26 (q, J = 7.2,
2H), 1.97 (d, J = 1.5, 3H), 1.46 (s, 9H), 1.33 (t, J = 7.2, 3H); LCMS (formic acid):
R, = 1.11 min (81%), MH" = 341.0. These data are in good agreement with literature

values.'®

Ethyl 3-(3-amino-2-chloropyridin-4-yl)-2-methylacrylate (3.010)

V"%
(0]

Dioxane (50 mL) was added. The reaction mixture was allowed to warm to rt and

N HCI (4 M in 1,4-dioxane) (111 mL, 444.00 mmol) was added
f@m drop-wise to a solution of 3.009 (21.1 g, 61.90 mmol) in 1,4-

NH2  dioxane (50 mL) at 0°C. A precipitate appeared so 1,4-
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was stirred for 20 h. The reaction mixture was concentrated in vacuo and the
resulting residue was diluted with DCM (200 mL) and washed with sat. aq. NaHCO;
(200 mL) and brine (200 mL). The organic phase was passed through a hydrophobic
frit and concentrated in vacuo. The resulting residue was purified by silica gel
chromatography (0-50% EtOAc in cyclohexane). The appropriate fractions were
combined and solvent evaporated in vacuo to give 3.010 (14.52 g, 60.30 mmol,
97%) as a pale yellow solid; *H NMR (400 MHz, CDCl;) & ppm 7.82 (d, J = 4.6, 1H),
7.45 (s, 1H), 6.95 (d, J=4.6, 1H), 4.31 (q, J=7.2, 2H), 4.19 (br.s, 2H), 1.99 (d,
J=15, 3H), 1.38 (t, J=7.2, 3H); LCMS (formic acid): R;=0.96 min (95%),

MH* = 241.0. These data are in good agreement with literature values. *°°

8-Chloro-3-methyl-1,7-naphthyridin-2(1H)-one (3.011)

NN A mixture of 3.010 (14.52 g, 60.30 mmol) and DBU (36.4 mL,

N ¢l 241.00 mmol) in Toluene (65 mL) was heated at 115 °C for 24 h. The
reaction mixture was allowed to cool to rt and diluted with H,O

o}
(120 mL). The aqueous layer was separated and washed with Et,O

(120 mL). The resulting organic layer was washed with H,O (100 mL). NH4ClI (39 g)
in H,O (150 mL) was added to the combined aqueous layers causing precipitation of
a solid. This was left to stand for 0.5 h, filtered under reduced pressure, washed with
H,O (100 mL) and Et,O (100 mL) and dried under vacuum at 40 °C for 18 h to give
3.011 (10.55g, 54.20 mmol, 90%) as an off white solid; m.p. 225-227 °C; Vmax
(solid)/cm™: 2979, 1727, 1178 (C=0), 1109, 877; ‘H NMR (400 MHz, DMSO-dg)
o ppm 11.41 (br.s, 1H), 8.13 (d, J=5.1, 1H), 7.86 (d, J=1.2, 1H), 7.66 (d, J = 5.1,
1H), 2.16 (d, J=1.2, 3H); *C NMR (125 MHz, DMSO-dg) 162.2, 140.6, 137.1,
136.1, 130.6, 134.4, 126.5, 120.3, 16.8; HRMS (M + H)" calculated for CyHgCIN,O
195.0320; found 195.0320. LCMS (formic acid): R; = 0.61 min (100%), MH" = 195.0.

These data are in good agreement with literature values.'®

2-(Benzyloxy)-8-chloro-3-methyl-1,7-naphthyridine (3.012)
SN A mixture of 3.011 (4.38g, 2251 mmol) and K,CO; (3.73 g,
X l c 27.00 mmol) in DMF (40 mL) was left to stir at rt for 10 minutes. Benzyl
bromide (2.94 mL, 24.76 mmol) was added in a single portion and the
o8n reaction mixture was stirred for a further 48 h at rt, then quenched with
H,O (50 mL) and EtOAc (50 mL). The resulting suspension was filtered under
reduced pressure to give 3.012 (4.46 g, 15.66 mmol, 70%) as a white solid. The

filtrate was diluted with EtOAc (20 mL), separated and the aqueous extracted with
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EtOAc (8 x 50mL). The combined organic layers were passed through a
hydrophobic frit and concentrated in vacuo. The resulting residue was purified by
silica gel chromatography (0—40% EtOAc in cyclohexane). The appropriate fractions
were combined and solvent evaporated in vacuo to give 3.012 (821 mg, 2.88 mmol,
13%) as a white solid; m.p. 161-162 °C; Vmax (solid)/cm‘l: 1453, 1414, 1236, 1142,
953, 755, 682; 'H NMR (400 MHz, DMSO-dg) & ppm 8.25 (d, J = 5.4, 1H), 8.22 (d,
J=1.0, 1H), 7.78 (d, J=5.4, 1H), 7.61 (d, J=7.1, 2H), 7.44-7.38 (m, 2H), 7.37-
7.31 (m, 1H), 5.62 (s, 2H), 2.38 (d, J=1.0, 3H); *C NMR (101 MHz, DMSO-ds)
161.5, 148.5, 140.6, 136.6, 136.6, 136.5, 130.7, 128.7, 128.3, 128.3, 128.0, 120.1,
67.8, 16.2; HRMS (M + H)" calculated for CysH14CIN,O 285.0789; found 285.0786.
LCMS (formic acid): R;=1.39 min (100%), MH" = 285.0. These data are in good

agreement with literature values. *%®

1-Benzyl-8-chloro-3-methyl-1,7-naphthyridin-2(1H)-one (3.013)
N A mixture of 3.011 (4.38 g, 22.51 mmol) and K,CO; (3.73 g, 27.0 mmol
|

| N ~¢ In DMF (40 mL) was left to stir at rt for 10 minutes. Benzyl bromide

(o]

NBn (2.94 mL, 24.76 mmol) was added in a single portion and the reaction
mixture was stirred for a further 48 h, then quenched with water
(50 mL) and EtOAc (50 mL). The resulting suspension was filtered under reduced
and the filtrate was diluted with EtOAc (20 mL). The phases were separated and the
agueous extracted with EtOAc (3 x 50 mL). The combined organic layers were
passed through a hydrophobic frit and concentrated in vacuo. The resulting residue
was purified by silica gel chromatography (0-40% EtOAc in cyclohexane). The
appropriate fractions were combined and solvent evaporated in vacuo to give 3.013
(386 mg, 1.36 mmol, 6%) as a white solid; *"H NMR (400 MHz, DMSO-dg) & ppm
8.20 (d, J = 4.8, 1H), 7.97 (br.s, 1H), 7.68 (d, J = 4.8, 1H), 7.32—7.26 (m, 2H), 7.24—
7.18 (m, 1H), 7.06 (d, J = 7.1, 2H), 5.85 (s, 2H), 2.21 (s, 3H); **C NMR (100 MHz,
DMSO-de) 162.9, 141.3, 138.3, 135.5, 135.2, 134.6, 132.6, 129.7, 128.2, 126.4,
125.6, 121.5, 48.9, 17.4; LCMS (formic acid): R, = 1.09 min (97%), MH" = 285.0.

tert-Butyl 4-((2-(benzyloxy)-3-methyl-1,7-naphthyridin-8-yl)amino)piperidine-1-
carboxylate (3.014)
N OCOJBu tert-Butyl 4-aminopiperidine-1-carboxylate (3.354¢,
| ~ N 16.71 mmol) was added to a mixture of 3.012 (3.17 g,
H
N 11.14 mmol), Pdy(dba); (0.82 g, 0.89 mmol), Brettphos

o8Bn (0.60 g, 1.11 mmol) and NaO'Bu (4.28 g, 44.6 mmol) THF

257



GSK CONFIDENTIAL INFORMATION — DO NOT COPY

(50 mL). The reaction mixture was heated at 60 °C for 4 h. The reaction mixture was
concentrated in vacuo and the resulting residue was diluted with DCM (100 mL) and
washed with H,O (100 mL). The separated organic layer was passed through a
hydrophobic frit and concentrated in vacuo. The resulting residue was purified by
silica gel chromatography (0—60% EtOAc in cyclohexane). The appropriate fractions
were combined and solvent evaporated in vacuo to give 3.014 (7.99 g, 17.81 mmol,
96%) as an orange solid; "H NMR (400 MHz, DMSO-dg) & ppm 7.89 (d, J = 1.0, 1H),
7.79 (d, J=5.6, 1H), 7.54 (d, J=7.3, 2H), 7.42-7.35 (m, 2H), 7.34-7.28 (m, 1H),
6.78 (d, J=5.6, 1H), 6.63 (d, J =8.3, 1H), 5.59 (s, 2H), 4.27-4.14 (m, 1H), 4.04—
3.91 (m, 2H), 3.04-2.84 (m, 2H), 2.32 (d, J = 1.0, 3H), 1.99-1.88 (m, 2H), 1.59-1.46
(m, 2H), 1.43 (s, 9H); LCMS (formic acid): R; = 0.99 min (100%), MH" = 449.2,

tert-Butyl 4-((2-(benzyloxy)-5-bromo-3-methyl-1,7-naphthyridin-8-
yhDamino)piperidine-1-carboxylate (3.015)
B~ NGO, B To a solution of 3.014 (7.99g, 17.81 mmol) in CHCl;
~ NJQ (200 mL), NBS (3.49g, 19.59 mmol) was added. The
| N reaction mixture was left to stir for 18 h at rt and then
©OBn diluted with H,O (100 mL). The organic phase was
separated, passed through a hydrophobic frit and concentrated in vacuo. The
resulting solid was purified by silica gel chromatography (0-50% EtOAc in
cyclohexane). The appropriate fractions were combined and solvent evaporated in
vacuo to give 3.015 (8.17 g, 15.49 mmol, 87%) as an orange solid; *H NMR
(400 MHz, CDCIl3) & ppm 8.01 (s, 1H), 7.96 (d, J=1.0, 1H), 7.51-7.47 (m, 2H),
7.44-7.38 (m, 2H), 7.37-7.31 (m, 1H), 6.19 (d, J = 8.1, 1H), 5.51 (s, 2H), 4.24-4.14
(m, 1H), 4.14-4.00 (m, 2H), 3.10-3.00 (m, 2H), 2.45 (d, J = 1.0, 3H), 2.17-2.09 (m,
2H), 1.53-1.50 (m, 11H); LCMS (formic acid): R, = 1.67 min (95%), MH" = 527.2,
529.2.

5-Bromo-3-methyl-8-(piperidin-4-ylamino)-1,7-naphthyridin-2(1H)-one (3.016)
B~y " 3.015 (29, 3.79 mmol) was dissolved in TFA (15 mL,
S NQ 195.00 mmol) and left to stir at 80 °C for 3 h. The volatile
| ne components were removed in vacuo. Toluene (5mL) was
0 added and the solvent evaporated in vacuo (x 3). The resulting
residue was dissolved in MeOH (20 mL) and passed through a preconditioned
(MeOH, 100 mL) amino propyl column (70 g). The column was washed with MeOH

(30 mL). The appropriate fractions were combined and solvent evaporated in vacuo
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to give 3.016 (1.14 g, 3.38 mmol, 89%) as a yellow solid; '"H NMR (400 MHz,
DMSO-dg) & ppm 7.90 (s, 1H), 7.80 (d, J=1.2, 1H), 6.87 (d, J = 6.8, 1H), 5.16 (br.s,
1H), 4.10-3.98 (m, 1H), 3.13-3.07 (m, 2H), 2.78-2.69 (m, 2H), 2.18 (d, J = 1.2, 3H),
2.05-1.94 (m, 2H), 1.59-1.39 (m, 2H); LCMS (formic acid): R; = 0.57 min (94%),
MH" = 337.0, 339.0.

tert-Butyl (3-oxopropyl)carbamate (3.017)

0 Dess Martin periodinane (944 mg, 2.23 mmol) was added to a

HJ\/\ NHCO,'Bu

1.71 mmol) in DCM (9 mL) at 0 °C. The reaction mixture was allowed to warm to rt

solution of tert-butyl (3-hydroxypropyl)carbamate (0.29 mL,

and stirred for 18 h. The reaction mixture was quenched with 20% ag. Na,S,0;
(20 mL) and sat. ag. NaHCO; (20 mL) and diluted with Et,O (30 mL). The organic
layer was separated and washed with 20% ag. Na,S,03; (20 mL), sat. ag. NaHCO3
(20 mL) and brine (20 mL). The organic layer was passed through a hydrophobic frit
and concentrated in vacuo to give 3.017 (316 mg, 1.82 mmol, quant.) as a
colourless oil; *H NMR (400 MHz, CDCl;) & ppm 9.82 (s, 1H), 4.92 (1H, br. s), 3.47—
3.40 (m, 2H) 2.12 (t, J=5.7, 2H), 1.44 (s, 9H). These data are in good agreement

with literature values.??®

tert-Butyl (3-(4-((5-bromo-3-methyl-2-ox0-1,2-dihydro-1,7-naphthyridin-8-
yhamino)piperidin-1-yl)propyl)carbamate (3.018)
Br N NHCO, B A mixture of 3.016 (474 mg, 2.74 mmol) and
~ NQ 3.017 (1.11 g, 3.28 mmol) in MeOH (6 mL) and
(_nw H AcOH (0.6 mL) was heated at 50 °C for 3h.
© Picoline borane complex (254 mg, 2.74 mmol)
was added and the reaction mixture was heated at 50 °C for a further 18 h. The
reaction mixture was concentrated in vacuo and the resulting residue diluted with
sat. aq. NaHCO;3; (20 mL) and DCM (20 mL). The organic layer was separated and
the aqueous extracted with DCM (3 x 20 mL). The combined organic layers were
passed through a hydrophobic frit and concentrated in vacuo. The resulting residue
was purified by silica gel chromatography (0-100% EtOH in EtOAc). The
appropriate fractions were combined and solvent evaporated in vacuo to give 3.018
(850 mg, 1.72 mmol, 63%) as a yellow solid; *"H NMR (400 MHz, DMSO-ds) & ppm
11.60 (br.s, 1H), 7.91 (s, 1H), 7.80 (d, J = 1.0, 1H), 6.85-6.75 (m, 2H), 3.93-3.82
(m, 1H), 2.95 (q, J=6.7, 2H), 2.89-2.80 (m, 2H), 2.32-2.24 (m, 2H), 2.18 (d,
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J=1.0, 3H), 2.05-1.92 (m, 4H), 1.58-1.48 (m, 4H), 1.38 (s, 9H); LCMS (formic
acid): R, = 0.75 min (100%), MH" = 494.1, 496.1.

tert-Buty! (3-(4-((5-(5-(hydroxymethyl)pyridin-3-yl)-3-methyl-2-oxo-1,2-dihydro-
1,7-naphthyridin-8-yl)amino)piperidin-1-yl)propyl)carbamate (3.019b)

_N A mixture of 3.018 (500 mg, 1.01 mmol),

Ho I A N N""NHco By -(hydroxymethyl)pyridin-3-yl)boronic acid

| \NHl ”Q (309 mg, 2.02 mmol), Pd(OAc), (34 mg,

0.15 mmol), Catacxium A (54 mg,

0.15mmol) and K,CO; (335 mg,

2.43 mmol) in 1,4-dioxane (3 mL) and H,O (1.5 mL) was heated at 100 °C in a

microwave reactor for 1 h. The reaction mixture was allowed to cool to rt, diluted

o

with EtOAc (20 mL), filtered through Celite® and concentrated in vacuo. The
resulting residue was purified by silica gel chromatography (0-100% EtOH in
EtOAc). The appropriate fractions were combined and solvent evaporated in vacuo
to give 3.019b (576 mg, 1.10 mmol, quant.) as a yellow solid; *"H NMR (400 MHz,
DMSO-dg) 5 ppm 11.54 (br.s, 1H), 8.56 (d, J = 2.1, 1H), 8.45 (d, J = 2.1, 1H), 7.75-
7.69 (m, 2H), 7.51 (d, J = 1.2, 1H), 6.91 (d, J = 6.6, 1H), 6.83-6.76 (m, 1H), 4.62 (s,
2H), 4.05-3.92 (m, 1H), 2.95 (g, J = 6.9, 2H), 2.89-2.80 (m, 2H), 2.28 (t, J = 6.9,
2H), 2.08 (d, J=1.0, 3H), 2.06-1.96 (m, 4H), 1.58-1.47 (m, 4H), 1.38 (s, 9H);
LCMS (formic acid): R; = 0.46 min (100%), MH" = 523.3.

8-((1-(3-Aminopropyl)piperidin-4-yl)amino)-5-(5-(hydroxymethyl)pyridin-3-yl)-3-
methyl-1,7-naphthyridin-2(1H)-one (3.002b)
A mixture of 3.019b (170 mg, 0.33 mmol) in

N
HO -~ | N /QN/\/\NHz 4 M HCl in 1,4-dioxane (3 mL) was stirred for
| . .
| NN 18h at rt. The reaction mixture was
H
NH concentrated in vacuo and the resulting solid
o

suspended in Et,O (10 mL), filtered under
reduced pressure, washed with Et,O (10 mL) and collected. The resulting solid was
purified by MDAP (high pH). The appropriate fractions were combined and solvent
evaporated in vacuo to give 3.002b (65 mg, 0.15 mmol, 47%) as a yellow solid;
'H NMR (400 MHz, DMSO-ds) d ppm 8.57 (d, J = 1.0, 1H), 8.49 (d, J=1.7, 1H),
7.83 (s, 1H), 7.63 (s, 1H), 7.58 (s, 1H), 4.77 (s, 2H), 4.10-4.01 (m, 1H), 3.08 —2.99
(m, 2H), 2.79 (t, J=7.2, 2H), 2.50 (t, J = 7.2, 2H), 2.30-2.13 (m, 7H), 1.82—-1.63 (m,
4H); LCMS (high pH): R, = 0.60 min (92%), MH" = 423.4.
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tert-Butyl (3-(4-((3-methyl-5-(5-methylpyridin-3-yl)-2-oxo-1,2-dihydro-1,7-
naphthyridin-8-yl)amino)piperidin-1-yl)propyl)carbamate (3.019c)
A mixture of 3.018 (120 mg, 0.24 mmol), (5-

N
g A OMNHcogsu methylpyridin-3-yl)boronic ~ acid (67 mg,
N Ly 0.49 mmol), Pd(OAc), (8 mg, 0.04 mmol),
H
NH Catacxium A (13 mg, 0.04 mmol) and K,COs
(6]

(81 mg, 0.58 mmol) in 1,4-Dioxane (2 mL)
and H,O (1 mL) was heated at 100 °C in a microwave reactor for 1 h. The reaction
mixture was allowed to cool to rt, diluted with EtOAc (20 mL), filtered through Celite®
and concentrated in vacuo. The resulting residue was purified by silica gel
chromatography (0-100% EtOH in EtOAc). The appropriate fractions were
combined and solvent evaporated in vacuo to give 3.019c (70 mg, 0.14 mmol, 57%)
as a yellow solid; *H NMR (400 MHz, CD;OD) & ppm 8.45 (s, 1H), 8.37 (d, J = 1.7,
1H), 7.73 (s, 2H), 7.62 (s, 1H), 4.14-4.04 (m, 1H), 3.11 (t, J = 6.7, 2H), 3.08-3.01
(m, 2H), 2.51-2.45 (m, 5H), 2.29-2.14 (m, 7H), 1.79-1.65 (m, 4H), 1.46 (s, 9H);
LCMS (formic acid): R; = 0.51 min (100%), MH* = 507.3.

8-((1-(3-Aminopropyl)piperidin-4-yl)amino)-3-methyl-5-(5-methylpyridin-3-yl)-
1,7-naphthyridin-2(1H)-one (3.002c)
N 3.019c (70 mg, 0.14 mmol) was stirred in 4 M HCI
X | N N">"NH, N 1,4-dioxane (5 mL, 20.00 mmol) for 18 h. The
| N H/O reaction mixture was concentrated in vacuo and
NH the resulting solid suspended in Et,O (10 mL),
© filtered under reduced pressure, washed with Et,O
(10 mL) and collected. The resulting solid purified by MDAP (high pH). The
appropriate fractions were combined and evaporated in vacuo to give 3.002c
(43 mg, 0.11 mmol, 77%) as a yellow solid; *"H NMR (400 MHz, DMSO-ds) & ppm
8.44 (d, J=1.7, 1H), 8.37 (d, J = 2.0, 1H), 7.67 (s, 1H), 7.62 (s, 1H), 7.49 (s, 1H),
6.85 (d, J = 6.6, 1H), 4.02-3.94 (m, 1H), 2.90-2.84 (m, 2H), 2.61-2.54 (m, 2H), 2.38
(s, 3H), 2.35-2.30 (m, 2H), 2.07 (d, J = 1.0, 3H), 2.05-1.97 (m, 4H), 1.56-1.47 (m,
4H); LCMS (high pH): R, = 0.79 min (98%), MH" = 407.5.
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tert-Butyl (3-(4-((5-(3-(hydroxymethyl)phenyl)-3-methyl-2-oxo-1,2-dihydro-1,7-
naphthyridin-8-yl)amino)piperidin-1-yl)propyl)carbamate (3.0199)
A mixture of 3.018 (300 mg, 0.61 mmol),
(3-(hydroxymethyl)phenyl)boronic  acid

HO Z N N~ >""NHCO,'Bu
P " (184 mg, 1.21 mmol), Pd(OAc), (20 mg,
| NH T 0.09 mmol), Catacxium A (32 mg,
0o 0.09mmol) and K,CO; (201 mg,

1.46 mmol) in 1,4-Dioxane (3 mL) and H,O (1.5 mL) was heated at 100 °C in a
microwave reactor for 1 h. The reaction mixture was allowed to cool to rt, diluted
with EtOAc (20 mL), filtered through Celite® and concentrated in vacuo. The
resulting residue was purified by silica gel chromatography (0-100% EtOH in
EtOAc). The appropriate fractions were combined and solvent evaporated in vacuo
to give 3.019g (305 mg, 0.59 mmol, 96%) as a yellow solid; *H NMR (400 MHz,
CDsOD) & ppm 7.73 (s, 1H), 7.71 (s, 1H), 7.50-7.26 (m, 4H), 4.70 (s, 2H), 4.15—
4.03 (m, 1H), 3.15-3.07 (m, 4H), 2.59-2.50 (m, 2H), 2.42-2.31 (m, 2H), 2.23-2.14
(m, 5H), 1.81-1.68 (m, 4H), 1.46 (s, 9H); LCMS (formic acid): R; = 0.61 min (96%),
MH* = 522.1.

8-((1-(3-Aminopropyl)piperidin-4-yl)amino)-5-(3-(hydroxymethyl)phenyl)-3-
methyl-1,7-naphthyridin-2(1H)-one (3.0029)
3.019g (50 mg, 0.10 mmol) was stirred in 4 M

HO N /Ol/\/\NHz HCI in 1,4-dioxane (2 mL, 8.00 mmol) for 18 h

| < N at rt. The reaction mixture was concentrated in
H
NH

vacuo and the resulting solid suspended in
© Et,O (10 mL). The solvent was removed using
a pipette and the remaining solid concentrated in vacuo. The resulting solid was
purified by MDAP (formic acid). The appropriate fractions were combined and
solvent evaporated in vacuo. The resulting residue was dissolved in MeOH (10 mL)
and passed through a preconditioned (MeOH, 10 mL) amino propyl column (5 g),
which was then washed with MeOH (20 mL). The filtrate was concentrated in vacuo
to give 3.002g (9 mg, 0.02 mmol, 22%) as a yellow solid; *H NMR (400 MHz,
CDs;OD) &6 ppm 7.68 (s, 1H), 7.65 (s, 1H), 7.50-7.45 (m, 2H), 7.43—-7.38 (m, 2H),
7.30 (d, J = 7.6, 1H), 4.70 (s, 2H), 4.09-3.98 (m, 1H), 3.09-3.00 (m, 2H), 2.76 (t,
J=7.1, 2H), 2.53-2.47 (m, 2H), 2.30-2.13 (m, 7H), 1.80-1.63 (m, 4H); LCMS
(formic acid): R, = 0.37 min (100%), MH" = 422.2.
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tert-Butyl (3-(4-((3-methyl-2-0x0-5-(m-tolyl)-1,2-dihydro-1,7-naphthyridin-8-
yDamino)piperidin-1-yl)propyl)carbamate (3.019h)

A mixture of 3.018 (300 mg, 0.61 mmol), (3-
NN N "NHCO,/Bu (hydroxymethyl)phenyl)boronic acid (184 mg,
g NQ 1.21 mmol), Pd(OAc), (20 mg, 0.09 mmol),
ST Catacxium A (33 mg, 0.09 mmol) and K,COs
(201 mg, 1.46 mmol) in 1,4-dioxane (3 mL)
and H,O (1.5 mL) was heated at 100 °C in a microwave reactor for 1 h. The reaction

o)

mixture was allowed to cool to rt, diluted with EtOAc (20 mL), filtered through Celite®
and concentrated in vacuo. The resulting residue was purified by silica gel
chromatography (0-100% EtOH in EtOAc). The appropriate fractions were
combined and solvent evaporated in vacuo to give 3.019h (69 mg, 0.14 mmol, 68%)
as a yellow solid; *H NMR (400 MHz, CD;0D) & ppm 7.71-7.68 (m, 2H), 7.40-7.34
(m, 1H), 7.25 (d, J = 7.6, 1H), 7.19 (s, 1H), 7.15 (d, J = 7.6, 1H), 4.10-4.01 (m, 1H),
3.15-3.02 (m, 4H), 2.51-2.45 (m, 2H), 2.43 (s, 3H), 2.34-2.21 (m, 2H), 2.20-2.13
(m, 5H), 1.79-1.60 (m, 4H), 1.46 (s, 9H); LCMS (formic acid): R; = 0.82 min (100%),
MH" = 506.3.

8-((1-(3-Aminopropyl)piperidin-4-yl)amino)-3-methyl-5-(m-tolyl)-1,7-
naphthyridin-2(1H)-one (3.002h)

3.019h (69 mg, 0.14 mmol) was stirred in 4 M HCI
Z N O/\/\NHZ in 1,4-dioxane (3 mL, 12.00 mmol) for 18 h at rt.
| N ” The reaction mixture was concentrated in vacuo
NH
o)

and the resulting solid suspended in Et,O (10 mL),

and concentrated in vacuo. The resulting solid was
purified by MDAP (formic acid). The appropriate fractions were combined and
solvent evaporated in vacuo. The resulting solid was dissolved in MeOH (10 mL)
and passed through a preconditioned (MeOH, 10 mL) amino propyl column (10 g),
which was then washed with MeOH (20 mL). The filtrate was concentrated in vacuo
to give 3.002h (30 mg, 0.07 mmol, 54%) as a yellow solid; m.p. 125-126 °C; Vimax
(solid)/cm™: 2922 (N-H), 1662 (C=0), 1594, 1444, 791; *H NMR (400 MHz, DMSO-
de) & ppm 7.66 (s, 1H), 7.53 (d, J = 1.2, 1H), 7.38-7.33 (m, 1H), 7.20 (d, J=7.6,
1H), 7.17-7.11 (m, 2H), 6.80 (d, J = 6.6, 1H), 4.02—-3.92 (m, 2H), 2.73-2.60 (m, 2H),
2.37 (s, 3H), 2.32 (t, J=7.1, 2H), 2.06 (d, J = 1.2, 3H), 2.05-2.03 (m, 1H), 2.02—
1.95 (m, 4H), 1.59-1.43 (m, 4H); **C NMR (101 MHz, DMSO-ds) & ppm 162.1,
1455, 138.4, 137.7, 136.6, 133.6, 133.1, 130.3, 128.4, 127.7, 126.9, 121.5, 120.9,
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120.7, 55.7, 52.3, 47.9, 31.8, 21.0, 16.8; N. B. 2C signals hidden under solvent
peak; HRMS (M + H)" calculated for C,4H3,NsO 406.2601; found 406.2605; LCMS
(formic acid): R; = 0.54 min (98%), MH" = 406.1.

tert-Butyl (3-(4-((5-(5-((carbamoyloxy)methyl)pyridin-3-yl)-3-methyl-2-0x0-1,2-
dihydro-1,7-naphthyridin-8-yl)amino)piperidin-1-yl)propyl)carbamate (3.019¢)
To a mixture of 3.019b (548 mg,

N
H2N\n/o \| . N NHCO, B 1.05 mmol) and pyridine (0.2 mL,
ol ~ NJQ 2.10 mmol) in DCM (8 mL), phenyl
P chloroformate (0.17 mL, 1.36 mmol)

o)

was added at 0 °C. The reaction
mixture was left to stir at this temperature for 2 h. Phenyl chloroformate (0.17 mL,
1.36 mmol) was added and the reaction mixture was stirred for a further 1 h at 0 °C.
The reaction mixture was diluted with sat. agq. NH,CI (20 mL) and DCM (10 mL). The
organic layer was separated, passed through a hydrophobic frit and concentrated in
vacuo. The resulting solution was diluted with DCM (5 mL), DMF (5 mL) and NH,OH
(0.12 mL, 1.05 mmol). The reaction mixture was left to stir at rt for 18 h. NH,OH
(0.12 mL, 1.05 mmol) was added and the solution was stirred for a further 24 h. The
reaction mixture was diluted with DCM (10 mL) and H,O (10 mL), and the organic
layer separated. The aqueous layer was extracted into DCM (2 x 30 mL). The
combined organic layers were passed through a hydrophobic frit and concentrated
in vacuo. The resulting residue was purified by silica gel chromatography (10-100%
EtOH in EtOAc). The appropriate fractions were combined and solvent evaporated
in vacuo to give 3.019e (364 mg, 0.64 mmol, 61%) as a yellow oil; *H NMR
(400 MHz, CDs0OD) & ppm 8.64-8.62 (m, 1H), 8.55-8.52 (m, 1H), 7.93-7.89 (m,
1H), 7.77 (s, 1H), 7.65-7.62 (m, 1H), 5.23 (s, 2H), 3.66—3.58 (m, 1H), 3.14-3.03 (m,
4H), 2.52-2.46 (m, 2H), 2.32-2.23 (m, 2H), 2.22-2.15 (m, 5H), 1.79-1.67 (m, 4H),
1.46 (s, 9H); LCMS (high pH): R, = 0.85 min (76%), MH" = 566.6.

(5-(8-((1-(3-Aminopropyl)piperidin-4-yl)amino)-3-methyl-2-oxo0-1,2-dihydro-1,7-
naphthyridin-5-yl)pyridin-3-yl)methyl carbamate (3.002a)
3.019e (364 mg, 0.64 mmol) was stirred in

N
HZN\H/O X | NN O/\/\NHz 4M HClI in 14-dioxane (5 mL,
| .
o | NN 20.00 mmol) for 18 h at rt. The reaction
H
NH mixture was concentrated in vacuo and
0

the resulting solid suspended in Et,O
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(10 mL), filtered under reduced pressure, washed with Et,O (10 mL) and collected.
The resulting solid was purified by MDAP (high pH). The appropriate fractions were
combined and solvent evaporated in vacuo to give 3.002a (170 mg, 0.37 mmol,
57%) as a pale yellow solid; m.p. 289-292 °C (decomp.); Vmax (Solid)/cm™: 3397 (N-
H), 1737 (C=0), 1655 (C=0), 1594, 1336, 1088, 871, 669; ‘H NMR (400 MHz,
DMSO-dg) 6 ppm 8.59 (d, J = 2.0, 1H), 8.53 (d, J = 2.0, 1H), 7.78-7.75 (m, 1H), 7.71
(s, 1H), 7.50 (d, J=1.2, 1H), 6.88 (d, J=6.8, 1H), 6.68 (br.s, 2H), 5.11 (s, 2H),
4.04-3.93 (m, 1H), 2.91-2.84 (m, 2H), 2.58 (t, J =6.5, 2H), 2.33 (t, J=7.2, 2H),
2.08 (d, J=1.2, 3H), 2.06-1.98 (m, 4H), 1.56-1.47 (m, 4H); **C NMR (125 MHz,
DMSO-d¢) 162.4, 156.4, 149.2, 147.4, 146.3, 138.8, 136.5, 134.2, 132.8, 132.5,
132.5, 132.2, 120.7, 117.5, 62.5, 55.8, 52.3, 48.0, 31.8, 16.9; N.B. 2C signals
hidden under solvent peak; HRMS (M + H)" calculated for C,,H3,N;O3 466.2555;
found 466.2561. LCMS (high pH): R; = 0.63 min (96%), MH" = 466.5.

tert-Butyl (3-(4-((5-(3-((carbamoyloxy)methyl)phenyl)-3-methyl-2-ox0-1,2-
dihydro-1,7-naphthyridin-8-yl)amino)piperidin-1-yl)propyl)carbamate (3.019i)
CDI (168 mg, 1.04 mmol) was
g 7N O/\/\NHCOZ'Bu added to a solution of 3.019g
| (360 mg, 0.52 mmol) in THF (3 mL)

NH
and the reaction mixture was stirred

at rt for 3 h. NH:)OH (0.12 mL, 1.04 mmol) was added and the mixture stirred for a
further 18 h. The reaction mixture was diluted with H,O (20 mL) and EtOAc (20 mL).
The organic phase was separated and the aqueous was extracted with EtOAc (2 x
20 mL). The combined organic layers were passed through a hydrophobic frit and
concentrated in vacuo. The resulting residue was purified by silica gel
chromatography (0-100% EtOH in EtOAc). The appropriate fractions were
combined and solvent evaporated in vacuo to give 3.019i (241 mg, 0.43 mmol, 82%)
as a yellow oil; *H NMR (400 MHz, CD;0D) & ppm 7.69-7.66 (m, 2H), 7.65—7.63 (m,
1H), 7.47-7.34 (m, 3H), 5.10 (s, 2H), 4.09-3.96 (m, 1H), 3.07-3.02 (m, 2H), 2.50—
2.42 (m, 2H), 2.31-2.21 (m, 2H), 2.17-2.10 (m, 6H), 1.73-1.59 (m, 5H), 1.46-1.38
(m, 9H); LCMS (formic acid): R, = 0.63 min (98%), MH" = 565.3.
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3-(8-((1-(3-Aminopropyl)piperidin-4-yl)amino)-3-methyl-2-oxo-1,2-dihydro-1,7-
naphthyridin-5-yl)benzyl carbamate (3.002f)

3.019i (241 mg, 0.43 mmol) was stirred in

"N © AN /Ol/\/\NHZ 4M HCl in 14-dioxane (3 mL,
© | \NH N 12.00 mmol) for 18 h at rt. The reaction

I mixture was concentrated in vacuo and

the resulting solid suspended in Et,O
(10 mL), and concentrated in vacuo. The resulting solid was purified by MDAP
(formic acid). The appropriate fractions were combined and concentrated in vacuo.
The resulting solid was dissolved in MeOH (10 mL) and passed through a
preconditioned (MeOH, 10 mL) amino propyl column (10 g) and washed with MeOH
(20mL). The filtrate was concentrated in vacuo to give 3.002f (60 mg, 0.13 mmol,
30%) as a yellow solid; *H NMR (400 MHz, CD;OD) & ppm 7.68-7.65 (m, 2H), 7.51—
7.46 (m, 1H), 7.44-7.39 (m, 2H), 7.35-7.32 (m, 1H), 5.16 (s, 2H), 4.08-4.00 (m,
1H), 3.08-3.00 (m, 2H), 2.77 (t, J = 7.1, 2H), 2.53-2.45 (m, 2H), 2.29-2.21 (m, 2H),
2.20-2.14 (m, 5H), 1.81-1.63 (m, 4H); LCMS (formic acid): R; = 0.44 min (100%),
MH" = 465.2.

8-((1-(3-Aminopropyl)piperidin-4-yl)amino)-3-methyl-5-(1-methyl-2-ox0-1,2-
dihydropyridin-4-yl)-1,7-naphthyridin-2(1H)-one (3.002d)
A mixture of 3.018 (150 mg,
0.30 mmol), 1-methyl-4-(4,4,5,5-tetramethyl-1,3,2-
O/\/\NHZ dioxaborolan-2-yl)pyridin-2(1H)-one (143 mg,
N 0.61mmol), Pd(OAc), (7mg, 0.03 mmol),
Catacxium A (11 mg, 0.03mmol) and K,COs
(84 mg, 0.61 mmol) in 1,4-dioxane (3 mL) and H,O (1.5 mL) was heated at 100 °C
in a microwave reactor for 1 h. The reaction mixture was allowed to cool to rt, diluted
with EtOAc (50 mL) and DCM (50 mL), filtered through Celite® and concentrated in
vacuo. The resulting residue was purified by silica gel chromatography (0—100%

EtOH in EtOAc). The appropriate fractions were combined and solvent evaporated
in vacuo to give 3.019d (140 mg, 0.21 mmol, 71%) as a yellow oil; LCMS (formic
acid): R, = 0.53 min (62%), MH" = 523.2.

3.019d (140 mg, 0.21 mmol) was immediately added to 4 M HCI in 1,4-dioxane
(4 mL, 16.00 mmol) and the reaction mixture was left to stir at rt for 1 h. The volatile
components were removed in vacuo. The resulting solid was purified by MDAP (high

pH). The appropriate fractions were combined and concentrated in vacuo to give
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3.002d (34 mg, 0.08 mmol, 30%) as yellow solid; m.p. 210—-212 °C; Vyax (solid)/cm™:
3395 (N-H), 2936, 1647 (C=0), 1570, 1491, 1418, 1043, 864; 'H NMR (400 MHz,
DMSO-dg) 6 ppm 7.74 (d, J =6.8, 1H), 7.71 (s, 1H), 7.64 (d, J = 1.2, 1H), 6.93 (d,
J=6.8, 1H), 6.33 (d, J = 2.0, 1H), 6.24 (dd, J = 6.8, 2.0, 1H), 5.10 (br.s, 2H), 4.02—
3.91 (m, 1H), 3.47 (s, 3H), 2.91-2.78 (m, 2H), 2.59 (t, J=6.7, 2H), 2.32 (t, J = 7.1,
2H), 2.10 (s, 3H), 2.05-1.92 (m, 4H), 1.57-1.41 (m, 4H); LCMS (high pH):
R; = 0.57 min (100%), MH" = 423.2; **C NMR (101 MHz, DMSO-d¢) & ppm 162.6,
161.7, 148.6, 146.8, 139.2, 137.8, 133.8, 132.5, 121.6, 120.0, 118.5, 117.9, 107.2,
55.7, 52.2, 47.9, 36.4, 31.7, 16.9; N.B. 2C signals hidden under solvent peak;
HRMS (M + H)" calculated for Cy3H31NgO, 423.2503; found 423.2501; LCMS (high
pH): R, = 0.57 min (100%), MH" = 423.4.

2-(Benzyloxy)-3-methyl-N-(1-methylpiperidin-4-yl)-1,7-naphthyridin-8-amine
(3.021a)
o i 1-methylpiperidin-4-amine (0.40 mL, 3.16 mmol) was added to
U N/Q a mixture of 3.012 (600 mg, 2.11 mmol), Pd,(dba); (154 mg,

| N M 0.17 mmol), Brettphos (113 mg, 0.21 mmol), and NaO'Bu

OBn (810 mg, 8.43 mmol) in THF (10 mL). The reaction mixture was
heated at 60 °C for 4 h. The reaction mixture was concentrated in vacuo and the
resulting residue was diluted with DCM (100 mL) and washed with H,O (100 mL).
The separated organic layer was passed through a hydrophobic frit and
concentrated in vacuo. The resulting residue was purified by silica gel
chromatography (0—-60% EtOAc in cyclohexane). The appropriate fractions were
combined and solvent evaporated in vacuo to give 3.021a (688 mg, 1.90 mmol,
90%) as a orange oil; Vma (thin film)/em™: 1500, 1310, 1250, 742; ‘H NMR
(400 MHz, CD;0D) & ppm 7.77-7.74 (m, 1H), 7.69 (d, J = 5.9, 1H), 7.52-7.47 (m,
2H), 7.41-7.35 (m, 2H), 7.33-7.27 (m, 1H), 6.77 (d, J = 5.9, 1H), 5.53 (s, 2H), 4.02—
3.92 (m, 1H), 2.98-2.86 (m, 2H), 2.38-2.24 (m, 8H), 2.15-2.03 (m, 2H), 1.74-1.62
(m, 2H); **C NMR (101 MHz, CD;0OD) & ppm 161.4, 155.3, 140.2, 139.1, 137.6,
131.0, 129.7, 129.6, 128.9, 128.7, 128.6, 109.4, 69.4, 55.6, 48.0, 46.3, 32.9, 16.7;
HRMS (M + H)" calculated for Cx,H»;N,O 363.2179; found 363.2190; LCMS (formic
acid): R, = 0.56 min (100%), MH" = 363.2.
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2-(Benzyloxy)-5-bromo-3-methyl-N-(1-methylpiperidin-4-yl)-1,7-naphthyridin-8-
amine (3.022a)
Bra_~y _ NBS (194 mg, 1.10 mmol) was added to a solution of 3.021a
g N/Q (395 mg, 1.10 mmol) in THF (5 mL) and the mixture was stirred
| N at rt for 4 h. The reaction mixture was concentrated in vacuo.
OBn The resulting residue was dissolved in DCM (30 mL) and
washed with H,O (50 mL). The organic phase was separated and the agueous
washed with DCM (3 x 50 mL). The combined organic layers were passed through a
hydrophobic frit and concentrated in vacuo. The resulting residue was purified by
silica gel chromatography (0-100% EtOH and EtOAc). The appropriate fractions
were combined and solvent evaporated in vacuo to give 3.022a (234 mg, 0.53
mmol, 49%) as an orange oil. *H NMR (400 MHz, CDCl;) & ppm 7.99 (s, 1H), 7.95
(d, J=1.0, 1H), 7.52-7.48 (m, 2H), 7.46—7.39 (m, 2H), 7.37-7.31 (m, 1H), 6.20 (d,
J =8.1, 1H), 5.52 (s, 2H), 4.19-4.07 (m, 1H), 3.20-3.09 (m, 2H), 2.54—2.47 (m, 5H),
2.44 (d, J=1.0, 3H), 2.24-2.17 (m, 2H), 1.93-1.83 (m, 2H); LCMS (formic acid):
R; = 0.90 min (98%), MH" = 441.1, 443.1.

2-(Benzyloxy)-3-methyl-N-(1-methylpiperidin-4-yl)-5-(5-methylpyridin-3-yl)-1,7-
naphthyridin-8-amine (3.023a)
N A mixture of 3.022a (234 mg, 0.53 mmol), (5-methylpyridin-

0.05 mmoaol), Catacxium A (19 mg, 0.05 mmol) and K,CO;
(147 mg, 1.06 mmol) in 1,4-dioxane (3 mL) and H,O

(1.5 mL) was heated at 100 °C in a microwave reactor for

N | N N 3-yl)boronic acid (145 mg, 1.06 mmol), Pd(OAc), (12 mg,
SWE
[ N H

OBn

1 h. The reaction mixture was allowed to cool to rt, diluted with EtOAc (20 mL),
filtered through Celite® and concentrated in vacuo. The resulting residue was
purified by silica gel chromatography (0—100% EtOH and EtOAc). The appropriate
fractions were combined and solvent evaporated in vacuo to give 3.023a (116 mg,
0.26 mmol, 48%) as a yellow solid; *"H NMR (400 MHz, CD;0D) & ppm 8.41 (s, 1H),
8.37 (s, 1H), 7.73-7.69 (m, 2H), 7.68-7.65 (m, 1H), 7.53-7.48 (m, 2H), 7.42-7.34
(m, 2H), 7.33-7.27 (m, 1H), 5.57 (s, 2H), 4.07-3.95 (m, 1H), 2.96-2.88 (m, 2H),
2.44 (s, 3H), 2.36-2.23 (m, 8H), 2.16-2.08 (m, 2H), 1.79-1.66 (m, 2H); LCMS
(formic acid): R, = 0.62 min (96%), MH" = 454.2.
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3-Methyl-8-((1-methylpiperidin-4-yl)amino)-5-(5-methylpyridin-3-yl)-1,7-
naphthyridin-2(1H)-one (3.020a)

_N | 3.023a (116 mg, 0.26 mmol) was dissolved in TFA (3 mL,
X 2N O/ 38.90 mmol) and left to stir at 80 °C for 3 h. The volatile
|
| N N components were removed in vacuo. Toluene (5 mL) was
NH
o}

added and the solvent evaporated in vacuo (x 3). The

resulting residue was dissolved in MeOH (10 mL) and
passed through a preconditioned (MeOH, 10 mL) amino propyl column (5 g). The
appropriate fractions were combined and solvent evaporated in vacuo. The resulting
residue was purified by MDAP (high pH). The appropriate fractions were combined
and solvent evaporated in vacuo to give 3.020a (65 mg, 0.18 mmol, 70%) as a
yellow solid; m.p. 262—265 °C (decomp.); Vmax (s0lid)/cm™: 3392, 2926, 1660 (C=0),
1695, 1445, 860, 723; *H NMR (400 MHz, DMSO-ds) & ppm 11.47 (br.s, 1H), 8.44
(d,J=1.7, 1H), 8.36 (d, J = 1.7, 1H), 7.71 (s, 1H), 7.62 (s, 1H), 7.51 (d, J = 1.2, 1H),
6.84 (d, J = 6.6, 1H), 4.00-3.91 (m, 1H), 2.80-2.74 (m, 2H), 2.37 (s, 3H), 2.18 (s,
3H), 2.07 (s, 3H), 2.05-1.94 (m, 4H), 1.59-1.44 (m, 2H); *C NMR (101 MHz,
DMSO-dg) 161.1, 148.7, 147.3, 139.3, 137.7, 133.0, 132.9, 132.0, 121.1, 120.6,
118.1, 54.5, 47.6, 46.2, 31.8, 18.0, 16.9; N.B. 2C signals not visible in spectrum;
HRMS (M + H)" calculated for C,1H2NsO 364.2138; found 364.2132; LCMS (formic
acid): R, = 0.35 min (100%), MH* = 364.1.

2-(Benzyloxy)-N,3-dimethyl-1,7-naphthyridin-8-amine (3.021b)

A 2 M soluton of methanamine in THF, (1.58 mL, 3.16 mmol) was

Z N

N ! y~ @added to a mixture of 3.012 (600 mg, 2.107 mmol), Pd(dba)s
| N (154 mg, 0.17 mmol), Brettphos (113 mg, 0.21 mmol), and NaO'Bu
OBn

(810 mg, 8.43 mmol) in THF (10 mL). The reaction mixture was
heated at 60 °C for 4 h. The reaction mixture was concentrated in vacuo and the
resulting residue was diluted with DCM (100 mL) and washed with H,O (100 mL).
The separated organic layer was passed through a hydrophobic frit and
concentrated in vacuo. The resulting residue was purified by silica gel
chromatography (0—60% EtOAc in cyclohexane). The appropriate fractions were
combined and solvent evaporated in vacuo to give 3.021b (273 mg, 0.98 mmol,
46%) as an orange oil; *"H NMR (400 MHz, CD;0OD) & ppm 7.63 (d, J=5.9, 1H),
7.55 (s, 1H), 7.46-7.40 (m, 2H), 7.35-7.27 (m, 2H), 7.26-7.21 (m, 1H), 6.61 (d,
J=5.9, 1H), 541 (s, 2H), 3.02 (s, 3H), 2.22 (s, 3H); LCMS (formic acid):
R; = 0.73 min (99%), MH* = 280.1

269



GSK CONFIDENTIAL INFORMATION — DO NOT COPY

2-(Benzyloxy)-5-bromo-N, 3-dimethyl-1,7-naphthyridin-8-amine (3.022b)
Br AN NBS (174 mg, 0.98 mmol) was added to a solution of 3.021b

|
S N/ (273 mg, 0.98 mmol) in THF (5 mL). The reaction mixture was stirred
_N

| at rt for 3 h. The reaction mixture was concentrated in vacuo. The

o8n resulting residue was dissolved in DCM (30 mL) and washed with
H,O (50 mL). The organic phase was separated and the aqueous washed with DCM
(3 x 50 mL). The combined organic layers were passed through a hydrophobic frit
and concentrated in vacuo to give 3.022b (350 mg, 0.98 mmol, quant.) as a brown
solid; *H NMR (400 MHz, DMSO-ds) & ppm 8.00-7.97 (m, 2H), 7.56-7.52 (m, 2H),
7.44-7.39 (m, 2H), 7.37-7.32 (m, 1H), 5.64 (s, 2H), 3.00 (d, J = 4.6, 3H), 2.38 (s,

3H); LCMS (formic acid): R; = 1.03 min (99%), MH" = 357.9, 359.9.

2-(Benzyloxy)-N,3-dimethyl-5-(5-methylpyridin-3-yl)-1,7-naphthyridin-8-amine
(3.023b)

A mixture of 3.022b ( 350 mg, 0.98 mmol), (5-methylpyridin-3-
2 N yhboronic acid (268 mg, 1.95mmol), Pd(OAc). (22 mg,
E l H/ 0.10 mmol), Catacxium A (35mg, 0.10 mmol) and K,COs;

N (270 mg, 1.9 mmol) in 1,4-dioxane (3 mL) and H,O (1.5 mL) was
OBn

N
z
X

heated at 100 °C in a microwave reactor for 1 h. The reaction
mixture was allowed to cool to rt, diluted with EtOAc (20 mL), filtered through Celite®
and concentrated in vacuo. The resulting residue was purified by silica gel
chromatography (0—-100% EtOAc in cyclohexane). The appropriate fractions were
combined and sovent evaporated in vacuo to give 3.023b (195 mg, 0.53 mmol,
54%) as a yellow solid; *H NMR (400 MHz, CD;OD) & ppm 8.41-8.39 (m, 1H), 8.37—
8.35 (m, 1H), 7.70-7.68 (m, 2H), 7.67 (s, 1H), 7.52-7.48 (m, 2H), 7.40-7.35 (m,
2H), 7.33-7.28 (m, 1H), 5.54 (s, 2H), 3.13 (s, 3H), 2.43 (s, 3H), 2.28 (s, 3H); LCMS
(formic acid): R, = 0.73 min (97%), MH" = 371.1.

3-Methyl-8-(methylamino)-5-(5-methylpyridin-3-yl)-1,7-naphthyridin-2(1H)-one
(3.020b)
3.023b (195 mg, 0.53 mmol) was dissolved in TFA (3 mL,

N
’d
S | o~y 38.90 mmol) and left to stir at 80 °C for 3h. The volatile
) N~ Ccomponents were removed in vacuo. Toluene (5 mL) was added
H . . .
| NH and the solvent evaporated in vacuo (x 3). The resulting residue
o}

was dissolved in MeOH (10mL) and passed through a

preconditioned (MeOH, 10 mL) amino propyl column (5 g). The appropriate fractions
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were combined and solvent evaporated in vacuo. The resulting residue was purified
by MDAP (high pH). The appropriate fractions were combined and solvent
evaporated in vacuo to give 3.020b (31 mg, 0.11 mmol, 21%) as a yellow solid; m.p.
>300 °C; Vmax (solid)/cm™: 3393 (N-H), 1697 (C=0), 1457, 836, 730; 'H NMR
(400 MHz, DMSO-dg) & ppm 11.35 (br. s, 1H), 8.45 (d, J = 1.6, 1H), 8.38 (d, J = 1.6,
1H), 7.74 (s, 1H), 7.66—7.61 (m, 1H), 7.56—7.50 (m, 1H), 7.09-7.00 (m, 1H), 3.33 (s,
3H), 2.97 (d, J = 4.4, 3H), 2.38 (s, 3H); **C NMR (101 MHz, DMSO-dg) & ppm 161.8,
1485, 147.1, 145.8, 139.1, 137.4, 134.1, 132.8, 132.7, 131.9, 120.7, 120.5, 117.9,
28.1, 17.8, 16.7; HRMS (M + H)" calculated for CicHi;N,O 281.1397; found
281.1405; LCMS (formic acid): R, = 0.36 min (100%), MH" = 281.0.

2-(Benzyloxy)-N-cyclopentyl-3-methyl-1,7-naphthyridin-8-amine (3.021c)
of 3.012 (350 mg, 1.23 mmol), Pd,(dba); (90 mg, 0.10 mmol),

Brettphos (66 mg, 0.12 mmol), and NaO'Bu (473 mg, 4.92 mmol)
in THF (10 mL). The reaction mixture was heated at 60 °C for

2NN Cyclopentanamine (0.18 mL, 1.84 mmol) was added to a mixture
o We
H

N

OBn

18 h. The reaction mixture was concentrated in vacuo and the resulting residue was
diluted with DCM (100 mL) and washed with H,O (100 mL). The separated organic
layer was passed through a hydrophobic frit and concentrated in vacuo. The
resulting residue was purified by silica gel chromatography (0—-100% EtOAc in
cyclohexane). The appropriate fractions were combined and solvent evaporated in
vacuo to give 3.021c (403 mg, 1.20 mmol, 98%) as an orange solid; *H NMR
(400 MHz, CDClIz) & ppm 7.89 (d, J=5.6, 1H), 7.62 (d, J = 1.0, 1H), 7.52—-7.47 (m,
2H), 7.42-7.36 (m, 2H), 7.35-7.30 (m, 1H), 6.68 (d, J=5.6, 1H), 6.25 (d, J=7.6,
1H), 5.49 (s, 2H), 4.54-4.44 (m, 1H), 2.36 (d, J = 1.0, 3H), 2.21-2.10 (m, 2H), 1.84—
1.67 (m, 4H), 1.61-1.52 (m, 2H); LCMS (formic acid): R;=0.88 min (93%),
MH" = 334.0.

2-(Benzyloxy)-5-bromo-N-cyclopentyl-3-methyl-1,7-naphthyridin-8-amine

(3.022c)
Br~ |N NBS (215 mg, 1.21 mmol) was added to a solution of 3.021c
| X N/C (403 mg, 1.21 mmol) in THF (3 mL) and the mixture was stirred at
H
N rt for 4 h. The reaction mixture was concentrated in vacuo. The
OBn

resulting residue was dissolved in DCM (50 mL) and washed with
H,O (50 mL). The organic phase was separated and the agqueous washed with DCM

(3 x 50 mL). The combined organic layers were passed through a hydrophobic frit
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and concentrated in vacuo. The resulting residue was purified by silica gel
chromatography (0-50% EtOAc in cyclohexane). The appropriate fractions were
combined and solvent evaporated in vacuo to give 3.022c¢ (448 mg, 1.09 mmol,
90%) as an off white solid; *"H NMR (400 MHz, CDCl;) & ppm 8.02 (s, 1H), 7.95 (d,
J=1.0, 1H), 7.52-7.47 (m, 2H), 7.43-7.37 (m, 2H), 7.36—-7.31 (m, 1H), 6.26 (d,
J=17.3, 1H), 5.50 (s, 2H), 4.48-4.38 (m, 1H), 2.43 (d, J=1.0, 3H), 2.20-2.11 (m,
2H), 1.84-1.67 (m, 4H), 1.66-1.51 (m, 2H); LCMS (formic acid): R;=1.41 min
(100%), MH" = 412.0, 414.0.

2-(Benzyloxy)-N-cyclopentyl-3-methyl-5-(5-methylpyridin-3-yl)-1,7-
naphthyridin-8-amine (3.023c)
_N A mixture of 3.022¢ (440 mg, 1.07 mmol), (5-methylpyridin-3-
A | 2NN yhboronic acid (219 mg, 1.60 mmol), Pd(OAc), (24 mg,
| N HD 0.11 mmol), Catacxium A (38 mg, 0.11 mol) and K,CO;
(295 mg, 2.13 mmol) in 1,4-dioxane (3 mL) and H,O (1.5 mL)
was heated at 100 °C in a microwave reactor for 2 h. The

N
OBn

reaction mixture was allowed to cool to rt, diluted with EtOAc (20 mL), filtered
through Celite® and concentrated in vacuo. The resulting residue was purified by
silica gel chromatography (0-100% EtOAc in Cyclohexane). The appropriate
fractions were combined and solvent evaporated in vacuo to give 3.023c (259 mg,
0.61 mmol, 57%) as a yellow solid; *"H NMR (400 MHz, CDCl;) & ppm 8.49 (d,
J=1.7,1H), 8.46 (d, J=1.7, 1H), 7.85 (s, 1H), 7.71 (d, J = 1.0, 1H), 7.55-7.48 (m,
3H), 7.43-7.37 (m, 2H), 7.36—7.31 (m, 1H), 6.39 (d, J = 7.6, 1H), 5.53 (s, 2H), 4.59—
4.47 (m, 1H), 2.42 (s, 3H), 2.34 (d, J =1.0, 3H), 2.24-2.15 (m, 2H), 1.86-1.69 (m,
4H), 1.66-1.56 (m, 2H); LCMS (formic acid): R; = 0.91 min (75%), MH" = 425.1.

8-(Cyclopentylamino)-3-methyl-5-(5-methylpyridin-3-yl)-1,7-naphthyridin-2(1H)-
one (3.020c)
N 3.023¢c (259 mg, 0.61 mmol) was dissolved in TFA (3 mL,

NS | N 38.90 mmol) and left to stir at 80 °C for 4 h. The volatile
Th O
| ww "

’d

components were removed in vacuo. Toluene (5 mL) was

added and the solvent evaporated in vacuo (x 3). The

© resulting residue was dissolved in MeOH (20 mL) and passed
through a preconditioned (MeOH, 20 mL) amino propyl column (10 g). The column
was rinsed with MeOH (50 mL) and the filtrate concentrated in vacuo. The resulting

residue was suspended in MeOH (10 mL), filtered under reduced pressure,
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collected and dried at 40 °C under vacuum for 3 h to give 3.020c (135 mg,
0.40 mmol, 66%) as a pale yellow solid; *"H NMR (400 MHz, DMSO-dg) 8 ppm 11.49
(s, 1H), 8.45 (d, J=1.6, 1H), 8.38 (d, J = 1.6, 1H), 7.72 (s, 1H), 7.64-7.62 (m, 1H),
7.51 (s, 1H), 6.94 (d, J=5.9, 1H), 4.44-4.37 (m, 1H), 2.38 (s, 3H), 2.08 (s, 3H),
2.04-1.95 (m, 2H), 1.78-1.70 (m, 2H), 1.65-1.51 (m, 4H); LCMS (formic acid):
R, = 0.53 min (100%), MH" = 335.0.

2-(Benzyloxy)-N-cyclohexyl-3-methyl-1,7-naphthyridin-8-amine (3.021d)
of 3.012 (500 mg, 1.76 mmol), Pd,(dba); (129 mg, 0.14 mmol),

Brettphos (94 mg, 0.18 mmol), and NaO'Bu (675 mg, 7.02 mmol)
in THF (10 mL). The reaction mixture was heated at 60 °C for

NN Cyclohexanamine (0.30 mL, 2.63 mmol) was added to a mixture
O
N H

OBn

4 h. The reaction mixture was concentrated in vacuo and the resulting residue was
diluted with DCM (100 mL) and washed with H,O (100 mL). The separated organic
layer was passed through a hydrophobic frit and concentrated in vacuo. The
resulting residue was purified by silica gel chromatography (0-60% EtOAc in
cyclohexane). The appropriate fractions were combined and solvent evaporated in
vacuo to give 3.021d (555 mg, 1.60 mmol, 91%) as a yellow oil; *H NMR (400 MHz,
CDCl;) 5 ppm 7.87 (d, J = 5.7, 1H), 7.61 (d, J = 1.0, 1H), 7.50 (d, J = 7.3, 2H), 7.42—
7.35 (m, 2H), 7.35-7.29 (m, 1H), 6.66 (d, J = 5.7, 1H), 6.24 (d, J = 8.3, 1H), 5.53 (s,
2H), 4.14-4.03 (m, 1H), 2.37 (s, 3H), 2.18-2.07 (m, 2H), 1.83 (m, 2H), 1.73-1.66
(m, 2H), 1.56-1.48 (m, 2H), 1.39-1.31 (m, 2H); LCMS (formic acid): R; = 0.93 min
(95%), MH" = 348.1.

2-(Benzyloxy)-5-bromo-N-cyclohexyl-3-methyl-1,7-naphthyridin-8-amine
(3.022d)
Bra NBS (313 mg, 1.76 mmol) was added to a solution of 3.021d
~ N/O (555 mg, 1.60 mmol) in THF (5 mL). The reaction mixture was
| N stirred at rt for 1 h, then concentrated in vacuo. The resulting
OBn residue was dissolved in DCM (30 mL) and washed with H,O
(50 mL). The organic phase was separated and the agueous washed with DCM (3 x
50 mL). The combined organic layers were passed through a hydrophobic frit and
concentrated in vacuo. The resulting residue was purified by silica gel
chromatography (0-50% EtOAc in cyclohexane). The appropriate fractions were
combined and solvent evaporated in vacuo to give 3.022d (457 mg, 1.07 mmol,

67%) as a yellow solid; *"H NMR (400 MHz, CDCl3) & ppm 8.01 (s, 1H), 7.94 (d,
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J=1.0, 1H), 7.52-7.48 (m, 2H), 7.43-7.38 (m, 2H), 7.37-7.31 (m, 1H), 6.24 (d,
J=8.1, 1H), 5.51 (s, 2H), 4.08-3.96 (m, 1H), 2.43 (d, J = 1.0, 3H), 2.16-2.07 (m,
2H), 1.83-1.74 (m, 2H), 1.74-1.66 (m, 1H), 1.53-1.46 (m, 2H), 1.40-1.27 (m, 3H);
LCMS (formic acid): R, = 1.54 min (100%), MH* = 426.0, 428.0.

2-(Benzyloxy)-N-cyclohexyl-3-methyl-5-(5-methylpyridin-3-yl)-1,7-naphthyridin-
8-amine (3.023d)
N A mixture of 3.022d (555 mg, 1.30 mmol), (5-methylpyridin-3-
/\ | N yhboronic acid (357 mg, 2.60 mmol), Pd(OAc), (29 mg,
~ N/O 0.13 mmol), Catacxium A (47 mg, 0.13 mmol) and K,CO;
| _n " (360 mg, 2.60 mmol) in 1,4-dioxane (3 mL) and H,O (1.5 mL)
OBn was heated at 100 °C in a microwave reactor for 1 h. The
reaction mixture was allowed to cool to rt, diluted with EtOAc (20 mL), filtered
through Celite® and concentrated in vacuo. The resulting residue was purified by
silica gel chromatography (0-100% EtOAc in cyclohexane). The appropriate
fractions were combined and solvent evaporated in vacuo to give 3.023d (349 mg,
0.80 mmol, 61%) as a yellow solid; *H NMR (400 MHz, CD;OD) & ppm 8.43 (s, 1H),
8.39 (s, 1H), 7.77-7.73 (m, 2H), 7.67 (s, 1H), 7.56—7.49 (m, 2H), 7.42—7.36 (m, 2H),
7.34-7.29 (m, 1H), 5.59 (s, 2H), 4.04-3.97 (m, 1H), 2.47 (s, 3H), 2.37 (s, 3H), 2.15—
2.06 (m, 2H), 1.87-1.80 (m, 2H), 1.75-1.68 (m, 1H), 1.60-1.35 (m, 5H); LCMS (high
pH): R, = 1.67 min (100%), MH" = 439.5.

8-(Cyclohexylamino)-3-methyl-5-(5-methylpyridin-3-yl)-1,7-naphthyridin-2(1H)-
one (3.020d)

_N 3.023d (349 mg, 0.80 mmol) was dissolved in TFA (3 mL,
X | AN 38.90 mmol) and left to stir at 80 °C for 3 h. The volatile
| \NHl ”Q components were removed in vacuo. Toluene (5 mL) was
1 added and the solvent evaporated in vacuo (x3). The

resulting residue was dissolved in MeOH (10 mL) and
passed through a preconditioned (MeOH, 10 mL) amino propyl column (5 g). The
appropriate fractions were combined and solvent evaporated in vacuo. The resulting
residue was purified by MDAP (high pH). The appropriate fractions were combined
and solvent evaporated in vacuo to give 3.020d (19 mg, 0.06 mmol, 7%) as a pale
yellow solid; m.p. 269-271 °C; Vmax (SOlid)/cm™: 2954, 1622 (C=0), 1593, 1452, 756;
'H NMR (400 MHz, DMSO-ds) & ppm 11.49 (br.s, 1H), 8.44 (d, J = 1.8, 1H), 8.37 (d,
J=1.8, 1H), 7.68 (s, 1H), 7.61 (s, 1H), 7.53-7.44 (m, 1H), 6.83 (d, J = 6.8, 1H),
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4.06-3.96 (m, 1H), 2.38 (s, 3H), 2.07 (s, 3H), 2.05-1.97 (m, 2H), 1.81-1.73 (m, 2H),
1.66—-1.58 (m, 1H), 1.43-1.20 (m, 5H); **C NMR (101 MHz, DMSO-dg) & ppm 161.9,
148.4, 147.1, 139.1, 137.4, 132.8, 132.7, 131.9, 120.8, 117.7, 49.2, 32.5, 25.5, 24.7,
17.8, 16.7; N.B. 3C signals not visible in spectrum; HRMS (M + H)" calculated for
CaHasN4O 349.2023; found 349.2026; LCMS (high pH): R;=0.61 min (100%),
MH" = 349.1.

4-((2-(Benzyloxy)-3-methyl-1,7-naphthyridin-8-yl)amino)tetrahydro-2H-
thiopyran 1,1-dioxide (3.021e)
4-Aminotetrahydro-2H-thiopyran  1,1-dioxide  hydrochloride
i |N /OSOZ (342 mg, 1.84 mmol) was added to a mixture of 3.012
| _N H (350 mg, 1.23 mmol), Pd,(dba)s (90 mg, 0.10 mmol), Brettphos
OBn (66 mg, 0.12 mmol), and NaO'Bu (473 mg, 4.92 mmol) in THF
(20 mL). The reaction mixture was heated at 60 °C for 18 h and then at 70 °C for
4 h. The reaction mixture was concentrated in vacuo and the resulting residue was
diluted with DCM (100 mL) and washed with H,O (100 mL). The separated organic
layer was passed through a hydrophobic frit and concentrated in vacuo. The
resulting residue was purified by silica gel chromatography (0—-50% EtOH in EtOAc).
The appropriate fractions were combined and solvent evaporated in vacuo to give
3.021e (151 mg, 0.38 mmol, 31%) as a brown solid; '"H NMR (400 MHz, CDCl;)
o ppm 7.86 (d, J=5.9, 1H), 7.68-7.65 (m, 1H), 7.51-7.46 (m, 2H), 7.44-7.38 (m,
2H), 7.37-7.31 (m, 1H), 6.78 (d, J=5.9, 1H), 6.17 (d, J=7.8, 1H), 5.50 (s, 2H),
4.43-4.32 (m, 1H), 3.27-3.11 (m, 4H), 2.55-2.47 (m, 2H), 2.42-2.38 (m, 3H), 2.36—
2.23 (m, 2H); LCMS (formic acid): R; = 0.77 min (98%), MH" = 398.0.

((2-(Benzyloxy)-5-bromo-3-methyl-1,7-naphthyridin-8-yl)amino)tetrahydro-2H-
thiopyran 1,1-dioxide (3.022e)

Br oA N S0, NBS (68 mg, 0.38 mmol) was added to a solution of 3.021e
N N/O (151 mg, 0.38 mmol) in THF (3 mL) and the mixture was stirred
| N at rt for 48 h. The reaction mixture was concentrated in vacuo.
©8n The resulting residue was dissolved in DCM (50 mL) and
washed with H,O (50 mL). The organic phase was separated and the agueous
washed with DCM (3 x 50 mL). The combined organic layers were passed through a
hydrophobic frit and concentrated in vacuo. The resulting residue was purified by
silica gel chromatography (0—-50% EtOAc in cyclohexane). The appropriate fractions

were combined and solvent evaportaed in vacuo to give 3.022e (132 mg,
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0.28 mmol, 73%) as an off white solid; *H NMR (400 MHz, DMSO-ds) 5 ppm 8.01—
7.97 (m, 2H), 7.59-7.52 (m, 2H), 7.43-7.38 (m, 2H), 7.35-7.30 (m, 1H), 7.10 (d,
J=8.6, 1H), 5.66 (s, 2H), 4.47-4.35 (m, 1H), 3.45-3.35 (m, 2H), 3.14-3.07 (m, 2H),
2.40-2.37 (m, 3H), 2.31-2.20 (m, 4H); LCMS (formic acid): R;=1.36 min (100%),
MH" = 476.0, 478.0.

4-((2-(Benzyloxy)-3-methyl-5-(5-methylpyridin-3-yl)-1,7-naphthyridin-8-
yhamino)tetrahydro-2H-thiopyran 1,1-dioxide (3.023e)
N A  mixture of 3.022e (125mg, 0.26 mmol), (5-
/\ | A~ so, methylpyridin-3-yl)boronic  acid (72 mg, 0.53 mmol),
) N/Q Pd(OAc), (6 mg, 0.03mmol), Catacxium A (9 mg,
L~ H 0.03 mmol) and K,COs (73 mg, 0.53 mmol) in 1,4-dioxane
OBn (3mL) and H,O (1.5mL) was heated at 100 °C in a
microwave reactor for 2 h. (5-Methylpyridin-3-yl)boronic acid (72 mg, 0.53 mmaol)
was added and the reaction mixture was heated at 100 °C in a microwave reactor
for a further 1 h. The reaction mixture was allowed to cool to rt, diluted with EtOAc
(20 mL), filtered through Celite® and concentrated in vacuo. The resulting residue
was purified by silica gel chromatography (0-50% EtOH in EtOAc). The appropriate
fractions were combined and sovent evaporated in vacuo to give 3.023e (91 mg,
0.19 mmol, 71%) as an off white solid; *"H NMR (400 MHz, CDCI;) & ppm 8.50-8.45
(m, 2H), 7.81 (s, 1H), 7.73-7.70 (m, 1H), 7.54-7.46 (m, 3H), 7.45-7.39 (m, 2H),
7.37-7.32 (m, 1H), 6.28 (d, J =7.8, 1H), 5.53 (s, 2H), 4.48-4.37 (m, 1H), 3.28-3.12
(m, 4H), 3.58-2.50 (m, 2H), 2.42 (s, 3H), 2.36 (s, 3H), 2.35-2.27 (m, 2H); LCMS
(formic acid): R; = 0.85 min (77%), MH" = 489.2.

8-((1,1-Dioxidotetrahydro-2H-thiopyran-4-yl)amino)-3-methyl-5-(5-
methylpyridin-3-yl)-1,7-naphthyridin-2(1H)-one (3.020e)

_N 3.023e (91 mg, 0.19 mmol) was dissolved in TFA (3 mL,
X | = N OOZ 38.90 mmol) and left to stir at 80 °C for 4 h. The volatile
| N N components were removed in vacuo. Toluene (5 mL) was
NH added and the solvent evaporated in vacuo (x 3). The
© resulting residue was dissolved in MeOH (20 mL) and
passed through a preconditioned (MeOH, 20 mL) amino propyl column (10 g). The
column was rinsed with MeOH (30 mL) and the filtrate concentrated in vacuo. The
resulting residue was suspended in MeOH (10 mL), filtered under reduced pressure,

collected and dried at 40 °C under vacuum for 3h to give 3.020e (11 mg,
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0.03 mmol, 15%) as a pale yellow solid. *H NMR (400 MHz, DMSO-ds) & ppm 11.44
(s, 1H), 8.46 (d, J =1.6, 1H), 8.38 (d, J = 1.6, 1H), 7.74 (s, 1H), 7.66—7.60 (m, 1H),
7.55-7.50 (m, 1H), 6.88 (d, J = 6.4, 1H), 4.48-4.37 (m, 1H), 3.30-3.19 (m, 4H), 2.38
(s, 3H), 2.34-2.38 (m, 2H), 2.16-2.05 (m, 5H); LCMS (formic acid): R, = 0.49 min
(100%), MH" = 399.0.

2-(Benzyloxy)-3-methyl-N-(tetrahydro-2H-pyran-4-yl)-1,7-naphthyridin-8-amine
(3.021f)

2N o Tetrahydro-2H-pyran-4-amine hydrochloride (254 mg,

~ N/Q 1.84 mmol) was added to a mixture of 3.012 (350 mg,

| NN 1.23 mmol), Pdy(dba); (90 mg, 0.10 mmol), Brettphos (66 mg,

0.12 mmol), and NaO'Bu (473 mg, 4.92 mmol) in THF (10 mL).

The reaction mixture was heated at 60 °C for 18 h. The reaction mixture was

OBn

concentrated in vacuo and the resulting residue was diluted with DCM (100 mL) and
washed with H,O (100 mL). The separated organic layer was passed through a
hydrophobic frit and concentrated in vacuo. The resulting residue was purified by
silica gel chromatography (0-50% EtOH in EtOAc). The appropriate fractions were
combined and solvent evaporated in vacuo to give 3.021f (245 mg, 0.70 mmol,
57%) as a brown oil; *H NMR (400 MHz, CDCl;) & ppm 7.87 (d, J = 5.7, 1H), 7.63 (s,
1H), 7.52—7.47 (m, 2H), 7.42-7.36 (m, 2H), 7.36—7.30 (m, 1H), 6.71 (d, J = 5.7, 1H),
6.20 (d, J = 8.1, 1H), 5.50 (s, 2H), 4.36—4.25 (m, 1H), 4.06-3.99 (m, 2H), 3.67—-3.59
(m, 2H), 2.37 (s, 3H), 2.17-2.09 (m, 2H), 1.70-1.57 (m, 2H); LCMS (formic acid):
R; = 0.80 min (95%), MH" = 350.0.

2-(Benzyloxy)-5-bromo-3-methyl-N-(tetrahydro-2H-pyran-4-yl)-1,7-
naphthyridin-8-amine (3.022f)
B N o NBS (125 mg, 0.70 mmol) was added to a solution of 3.021f
N N/O (245 mg, 0.70 mmol) in THF (5 mL) and the mixture was stirred
| N at rt for 1 h. The reaction mixture was concentrated in vacuo.
OBn The resulting residue was dissolved in DCM (50 mL) and
washed with H,O (50 mL). The organic phase was separated and the agueous
washed with DCM (3 x 50 mL). The combined organic layers were passed through a
hydrophobic frit and concentrated in vacuo. The resulting residue was purified by
silica gel chromatography (0—-50% EtOAc in cyclohexane). The appropriate fractions
were combined and solvent evaportaed in vacuo to give 3.022f (266 mg, 0.62 mmol,

89%) as a yellow solid; *H NMR (400 MHz, CDCl;) & ppm 7.99 (s, 1H), 7.95-7.92
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(m, 1H), 7.56-7.45 (m, 2H), 7.43-7.37 (m, 2H), 7.35-7.30 (m, 1H), 6.18 (d, J = 8.1,
1H), 5.50 (s, 2H), 4.30-4.19 (m, 1H), 4.06-3.99 (m, 2H), 3.65-3.60 (m, 2H), 2.43—
2.40 (m, 3H), 2.16-2.07 (m, 2H), 1.68-1.56 (m, 2H); LCMS (formic acid):
R, = 1.42 min (97%), MH* = 428.3, 430.3.

2-(Benzyloxy)-3-methyl-5-(5-methylpyridin-3-yl)-N-(tetrahydro-2H-pyran-4-yl)-
1,7-naphthyridin-8-amine (3.023f)

A mixture of 3.022f (266 mg, 0.62 mmol), (5-methylpyridin-3-
| yl)boronic acid (170 mg, 1.24 mmol), Pd(OAc), (14 mg,

N
-z

NNAN 0
) \ 0.06 mmol), Catacxium A (22 mg, 0.06 mmol) and K,COs
ln H (172mg, 1.24mmol) in 1,4-dioxane (3mL) and H,O
OBn (1.5 mL) was heated at 100 °C in a microwave reactor for

1 h. The reaction mixture was allowed to cool to rt, diluted with EtOAc (20 mL),
filtered through Celite® and concentrated in vacuo. The resulting residue was
purified by silica gel chromatography (0-50% EtOH in EtOAc). The appropriate
fractions were combined and sovent evaporated in vacuo to give 3.023f (137 mg,
0.31 mmol, 50%) as a yellow solid; *"H NMR (400 MHz, CDCl;) & ppm 8.49-8.45 (m,
2H), 7.82 (s, 1H), 7.72—7.70 (m, 1H), 7.54-7.48 (m, 3H), 7.43-7.38 (m, 2H), 7.36—
7.31 (m, 1H), 6.33 (d, J = 8.3, 1H), 5.54 (s, 2H), 4.40-4.29 (m, 1H), 4.10-4.02 (m,
2H), 3.69-3.62 (m, 2H), 2.43 (s, 3H), 2.35 (s, 3H), 2.20-2.12 (m, 2H), 1.72-1.59 (m,
2H); LCMS (formic acid): R; = 0.81 min (93%), MH" = 441.1.

3-Methyl-5-(5-methylpyridin-3-yl)-8-((tetrahydro-2H-pyran-4-yl)amino)-1,7-
naphthyridin-2(1H)-one (3.020f)

N 3.023f (137 mg, 0.31 mmol) was dissolved in TFA (3 mL,
NS | NN o 38.90 mmol) and left to stir at 80 °C for 4 h. The volatile
| N H/Q components were removed in vacuo. Toluene (5 mL) was
NH added and the solvent evaporated in vacuo (x 3). The
© resulting residue was dissolved in MeOH (20 mL) and
passed through a preconditioned (MeOH, 30 mL) amino propyl column (10 g). The
column was rinsed with MeOH (50 mL) and the filtrate concentrated in vacuo. The
resulting residue was suspended in DMSO (3 mL) and MeOH (3 mL), filtered under
reduced pressure, collected and dried at 40 °C under vacuum for 3 h to give 3.020f
(48 mg, 0.14 mmol, 44%) as a pale yellow solid; 'H NMR (400 MHz, DMSO-dg)
5 ppm 11.48 (br.s, 1H), 8.45 (d, J = 1.6, 1H), 8.37 (d, J= 1.6, 1H), 7.72 (s, 1H),
7.64-7.60 (m, 1H), 7.52 (s, 1H), 6.92 (d, J = 6.1, 1H), 4.29-4.17 (m, 1H), 3.96-3.87
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(m, 2H), 3.49-3.42 (m, 2H), 2.38 (s, 3H), 2.08 (s, 3H), 2.03-1.94 (m, 2H), 1.58-1.45
(m, 2H); LCMS (formic acid): R; = 0.48 min (100%), MH* = 351.0.

(R)-2-(Benzyloxy)-3-methyl-N-(tetrahydro-2H-pyran-3-yl)-1,7-naphthyridin-8-
amine (3.021g)
(R)-tetrahydro-2H-pyran-3-amine hydrochloride (217 mgq,
J/\J 1.58 mmol) was added to a mixture of 3.012 (300 mg,
| _N I 1.05 mmol), Pd,(dba); (77 mg, 0.08 mmol), Brettphos (57 mg,
OBn 0.11 mmol), and NaO'Bu (405 mg, 4.21 mmol) in THF (10 mL).
The reaction mixture was heated at 60 °C for 18 h and then at 70 °C for 3 h. The
reaction mixture was concentrated in vacuo and the resulting residue was diluted
with DCM (100 mL) and washed with H,O (100 mL). The separated organic layer
was passed through a hydrophobic frit and concentrated in vacuo. The resulting
residue was purified by silica gel chromatography (0—100% EtOAc in cyclohexane).
The appropriate fractions were combined and solvent evaporated in vacuo to give
3.021g (147 mg, 0.42 mmol, 40%) as a yellow solid; *H NMR (400 MHz, CDCl,)
5 ppm 7.86 (d, J = 5.7, 1H), 7.65-7.61 (m, 1H), 7.54-7.49 (m, 2H), 7.42-7.36 (m,
2H), 7.34-7.28 (m, 1H), 6.70 (d, J =5.7, 1H), 6.53 (d, J = 8.3, 1H), 5.57-5.46 (m,
2H), 4.35-4.26 (m, 1H), 4.01 (dd, J = 11.0, 2.9, 1H), 3.77-3.72 (m, 2H), 3.63-3.56
(m, 1H), 2.37 (s, 3H), 2.09-1.99 (m, 1H), 1.89-1.76 (m, 2H), 1.71-1.61 (m, 1H);
LCMS (formic acid): R; = 0.79 min (91%), MH" = 350.0.

(R)-2-(Benzyloxy)-5-bromo-3-methyl-N-(tetrahydro-2H-pyran-3-yl)-1,7-
naphthyridin-8-amine (3.022g)

B~y o. NBS (75mg, 0.42 mmol) was added to a solution of 3.021g
) N (147 mg, 0.42 mmol) in THF (3 mL) and the mixture was stirred

| N M at rt for 4 h. The reaction mixture was concentrated in vacuo. The
OBn resulting residue was dissolved in DCM (50 mL) and washed with

H,O (50 mL). The organic phase was separated and the aqueous washed with DCM
(3 x 50 mL). The combined organic layers were passed through a hydrophobic frit
and concentrated in vacuo. The resulting residue was purified by silica gel
chromatography (0-50% EtOAc in cyclohexane). The appropriate fractions were
combined and solvent evaporated in vacuo to give 3.022g (115 mg, 0.27 mmol,
64%) as a yellow solid; *"H NMR (400 MHz, CDCl3) & ppm 7.99 (s, 1H), 7.94 (d,
J=1.0, 1H), 7.55-7.47 (m, 2H), 7.42-7.37 (m, 2H), 7.35-7.30 (m, 1H), 6.55 (d,
J=8.3, 1H), 5.60-5.46 (m, 2H), 4.30-4.20 (m, 1H), 3.98 (dd, J=11.1, 3.1, 1H),
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3.78-3.71 (m, 2H), 3.63-3.56 (m, 1H), 2.43 (d, J = 1.0, 3H), 2.05-1.97 (m, 1H),
1.88-1.77 (m, 2H), 1.70-1.62 (m, 1H); LCMS (formic acid): R, = 1.43 min (100%),
MH* = 428.0, 430.0.

(R)-2-(Benzyloxy)-3-methyl-5-(5-methylpyridin-3-yl)-N-(tetrahydro-2H-pyran-3-
yl)-1,7-naphthyridin-8-amine (3.0239)
N A mixture of 3.022g (115 mg, 0.27 mmol), (5-methylpyridin-3-
. | PN o. YDhboronic acid (74 mg, 0.54 mmol), Pd(OAc), (6 mg,
~ NQ 0.03 mmol), Catacxium A (10 mg, 0.03 mmol) and K,CO;
| NP (74 mg, 0.54 mmol) in 1,4-dioxane (3 mL) and H,O (1.5 mL)
OBn was heated at 100 °C in a microwave reactor for 2 h. The
reaction mixture was allowed to cool to rt, diluted with EtOAc (20 mL), filtered
through Celite® and concentrated in vacuo. The resulting residue was purified by
silica gel chromatography (0-100% EtOAc in cyclohexane). The appropriate
fractions were combined and sovent evaporated in vacuo to give 3.023g (44 mg,
0.10 mmol, 37%) as a yellow oil; *"H NMR (400 MHz, CDCl;) & ppm 8.48 (d, J = 1.8,
1H), 8.46 (d, J=1.8, 1H), 7.82 (s, 1H), 7.70 (d, J= 1.1, 1H), 7.55-7.51 (m, 3H),
7.42—-7.37 (m, 2H), 7.35-7.30 (m, 1H), 6.68 (d, J=8.3, 1H), 5.61-5.49 (m, 2H),
4.39-4.30 (m, 1H), 4.02 (dd, J=11.1, 3.1, 1H), 3.79-3.74 (m, 2H), 3.67-3.60 (m,
1H), 2.42 (s, 3H), 2.34 (d, J = 1.1, 3H), 2.09-2.04 (m, 1H), 1.89-1.82 (m, 2H), 1.73—
1.64 (m, 1H), LCMS (formic acid): R; = 0.84 min (100%), MH" = 441.1.

(R)-3-Methyl-5-(5-methylpyridin-3-yl)-8-((tetrahydro-2H-pyran-3-yl)amino)-1,7-
naphthyridin-2(1H)-one (3.0209)
_N 3.023g (44 mg, 0.10 mmol) was dissolved in TFA (3 mL, 38.9

| _ :
X 2 N J/\OJ mmol) and left to stir at 80°C for 4h. The volatile
|
| N N components were removed in vacuo. Toluene (5 mL) was
NH

added and the solvent evaporated in vacuo (x 3). The

© resulting residue was dissolved in MeOH (20 mL) and
passed through a preconditioned (MeOH, 20 mL) amino propyl column (10 g). The
column was rinsed with MeOH (50 mL) and the filtrate concentrated in vacuo. The
resulting residue was purified by MDAP (high pH). The appropriate fractions were
combined and solvent evaporated in vacuo to give 3.020g (10 mg, 0.03 mmol, 29%)
as a pale yellow solid; *H NMR (400 MHz, DMSO-dg) & ppm 11.53 (br.s, 1H), 8.45
(d, J=1.7, 1H), 8.37 (d, J = 1.7, 1H), 7.71 (s, 1H), 7.65-7.66 (m, 1H), 7.51 (s, 1H),
6.88 (d, J = 6.8, 1H), 4.20-4.11 (m, 1H), 3.97 (dd, J = 10.8, 2.9, 1H), 3.79-3.71 (m,
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1H), 3.49-3.38 (m, 1H), 3.25-3.18 (m, 1H), 2.38 (s, 3H), 2.11-2.02 (m, 4H), 1.83—
1.75 (m, 1H), 1.67-1.57 (m, 2H); LCMS (formic acid): R;=0.51 min (100%),
MH" = 351.0.

(S)-tert-Butyl 3-((2-(benzyloxy)-3-methyl-1,7-naphthyridin-8-
yl)amino)piperidine-1-carboxylate (3.021h)
N (S)-tert-butyl 3-aminopiperidine-1-carboxylate (0.41 mL,
- NrO“C()z'BU 2.11 mmol) was added to a mixture of 3.012 (400 mg,
l/N " 1.41 mmol), Pd,(dba); (103 mg, 0.11 mmol), Brettphos
(75 mg, 0.14 mmol), and NaO'Bu (540 mg, 5.62 mmol) in
THF (10 mL). The reaction mixture was heated at 60 °C for 4 h. The reaction

OBn

mixture was concentrated in vacuo and the resulting residue was diluted with DCM
(100 mL) and washed with H,O (100 mL). The separated organic layer was passed
through a hydrophobic frit and concentrated in vacuo. The resulting residue was
purified by silica gel chromatography (0-100% EtOAc in cyclohexane). The
appropriate fractions were combined and solvent evaporated in vacuo to give
3.021h (538 mg, 1.20 mmol, 85%) as an orange oil; *"H NMR (400 MHz, CDCls)
5 ppm 7.88 (d, J=5.6, 1H), 7.64 (s, 1H), 7.52—7.46 (m, 2H), 7.42-7.36 (m, 2H),
7.35-7.29 (m, 1H), 6.72 (d, J=5.6, 1H), 6.36 (d, J = 7.3, 1H), 5.54-5.42 (m, 2H),
4.30-4.20 (m, 1H), 3.89-3.75 (m, 1H), 3.54-3.37 (m, 2H), 2.37 (s, 3H), 2.08-2.00
(m, 1H), 1.81-1.71 (m, 2H), 1.68-1.60 (m, 1H), 1.42—1.21 (m, 10H); LCMS (formic
acid): R, = 0.99 min (98%), MH* = 449.2.

(S)-tert-Butyl 3-((2-(benzyloxy)-5-bromo-3-methyl-1,7-naphthyridin-8-
yl)amino)piperidine-1-carboxylate (3.022h)

B~y NBS (213 mg, 1.20 mmol) was added to a solution of
) NrO\ICoz’Bu 3.021h (538 mg, 1.20 mmol) in THF (5 mL) and the mixture
l N H was stirred at rt for 48 h. The reaction mixture was
OBn concentrated in vacuo. The resulting residue was dissolved
in DCM (50 mL) and washed with H,O (50 mL). The organic phase was separated
and the aqueous washed with DCM (3 x 50 mL). The combined organic layers were
passed through a hydrophobic frit and concentrated in vacuo. The resulting residue
was purified by silica gel chromatography (0-50% EtOAc in cyclohexane). The
appropriate fractions were combined and solvent evaportaed in vacuo to give
3.022h (503 mg, 0.95 mmol, 80%) as an orange solid; *H NMR (400 MHz, CDCls)
5 ppm 8.01 (s, 1H), 7.95 (s, 1H), 7.51-7.45 (m, 2H), 7.42—-7.37 (m, 2H), 7.36-7.30
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(m, 1H), 6.43-6.30 (m, 1H), 5.56-5.43 (m, 2H), 4.22-4.13 (m, 1H), 3.84-3.77 (m,
1H), 3.54-3.47 (m, 1H), 3.45-3.36 (m, 2H), 2.42 (s, 3H), 2.06-1.96 (m, 1H), 1.79—
1.70 (m, 2H), 1.66-1.61 (m, 1H), 1.34 (br.s, 9H); LCMS (formic acid): Ry = 1.69 min
(96%), MH" = 527.2, 529.2.

(S)-tert-Butyl 3-((2-(benzyloxy)-3-methyl-5-(5-methylpyridin-3-yl)-1,7-
naphthyridin-8-yl)amino)piperidine-1-carboxylate (3.023h)

N A mixture of 3.022h (500 mg, 0.95 mmol), (5-

z

~ | o methylpyridin-3-yl)boronic acid (260 mg, 1.90 mmaol),
~ N,O\Jcozfsu Pd(OAc), (21 mg, 0.1 mmol), Catacxium A (34 mg,
| N M 0.1 mmol) and K,CO; (262 mg, 1.90 mmol) in 1,4-
OBn dioxane (3mL) and H,O (1.5mL) was heated at
100 °C in a microwave reactor for 1 h. The reaction mixture was allowed to cool to
rt, diluted with EtOAc (20 mL), filtered through Celite® and concentrated in vacuo.
The resulting residue was purified by silica gel chromatography (0-50% EtOAc in
cyclohexane). The appropriate fractions were combined and sovent evaporated in
vacuo to give 3.023h (275 mg, 0.51 mmol, 54%) as a yellow oil; *"H NMR (400 MHz,
CDCl;) & ppm 8.48 (d, J = 1.8, 1H), 8.46 (d, J = 1.8, 1H), 7.84 (s, 1H), 7.71 (s, 1H),
7.54-7.48 (m, 3H), 7.42-7.37 (m, 2H), 7.35-7.29 (m, 1H), 6.50 (d, J = 7.3, 1H),
5.58-5.45 (m, 2H), 4.32-4.25 (m, 1H), 3.90-3.78 (m, 1H), 3.55-3.42 (m, 3H), 2.41
(s, 3H), 2.34 (s, 3H), 2.10-2.01 (m, 1H), 1.84-1.73 (m, 2H), 1.72-1.61 (m, 1H), 1.35
(br.s, 9H); LCMS (formic acid): R; = 1.09 min (100%), MH" = 540.3.

(S)-3-Methyl-5-(5-methylpyridin-3-yl)-8-(piperidin-3-ylamino)-1,7-naphthyridin-
2(1H)-one (3.020h)

N 3.023h (116 mg, 0.22 mmol) was dissolved in TFA (3 mL,
S | ZaN 38.90 mmol) and left to stir at 80 °C for 3 h. The volatile
| \NF: M’O\'H components were removed in vacuo. Toluene (5 mL) was
added and the solvent evaporated in vacuo (x 3). The
© resulting residue was dissolved in MeOH (10 mL) and
passed through a preconditioned (MeOH, 10 mL) amino propyl column (10 g). The
appropriate fractions were combined and solvent evaporated in vacuo. The resulting
residue was purified by MDAP (high pH). The appropriate fractions were combined
and solvent evaporated in vacuo to give 3.020h (65 mg, 0.19 mmol, 87%) as a
yellow solid; *H NMR (400 MHz, DMSO-ds) & ppm 8.45 (d, J=1.8, 1H), 8.37 (d,
J=1.8, 1H), 7.70 (s, 1H), 7.63 (s, 1H), 7.52 (d, J = 1.1, 1H), 6.83 (d, J = 6.8, 1H),
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4.11-4.00 (m, 1H), 3.21-3.13 (m, 1H), 2.86-2.79 (m, 1H), 2.45-2.40 (m, 1H), 2.38
(s, 3H), 2.08 (d, J=1.1, 3H), 2.04-1.96 (m, 1H), 1.74-1.64 (m, 1H), 1.54-1.41 (m,
2H); N.B. 1H hidden under solvent peak; LCMS (high pH): R;=0.76 min (97%),
MH" = 350.3.

(R)-tert-Butyl 3-((2-(benzyloxy)-3-methyl-1,7-naphthyridin-8-
yl)amino)piperidine-1-carboxylate (3.021i)

1.84 mmol) was added to a mixture of 3.012 (350 mg,
1.23 mmol), Pdy(dba); (90 mg, 0.10 mmol), Brettphos
(66 mg, 0.12 mmol), and NaO'Bu (473 mg, 4.92 mmol) in
THF (10 mL). The reaction mixture was heated at 60 °C for 18 h. The reaction

NN (R)-tert-butyl  3-aminopiperidine-1-carboxylate (0.36 mL,
\I NwO\ICOZtBU
| H

N

OBn

mixture was concentrated in vacuo and the resulting residue was diluted with DCM
(100 mL) and washed with H,O (100 mL). The separated organic layer was passed
through a hydrophobic frit and concentrated in vacuo. The resulting residue was
purified by silica gel chromatography (0—60% EtOAc in cyclohexane). The
appropriate fractions were combined and solvent evaporated in vacuo to give 3.021i
(502 mg, 1.12 mmol, 91%) as an orange oil; *"H NMR (400 MHz, CDCl;) & ppm 7.88
(d, J=5.8, 1H), 7.64 (s, 1H), 7.52-7.46 (m, 2H), 7.42-7.37 (m, 2H), 7.35-7.30 (m,
1H), 6.72 (d, J =5.8, 1H), 6.36 (d, J = 7.3, 1H), 5.55-5.42 (m, 2H), 4.29-4.20 (m,
1H), 3.91-3.70 (m, 1H), 3.46-3.36 (m, 2H), 2.37 (s, 3H), 2.08-1.99 (m, 1H), 1.82—
1.57 (m, 4H), 1.41 (br.s, 9H); LCMS (high pH): R; = 0.99 min (100%), MH" = 449.2.

(R)-tert-Butyl 3-((2-(benzyloxy)-5-bromo-3-methyl-1,7-naphthyridin-8-
yl)amino)piperidine-1-carboxylate (3.022i)

N NBS (198 mg, 1.115 mmol) was added to a solution of
) NVO\‘COZIB“ 3.021i (500 mg, 1.12 mmol) in THF (5 mL) and the mixture
l N H was stirred at rt for 1 h. The reaction mixture was
OBn concentrated in vacuo. The resulting residue was dissolved
in DCM (50 mL) and washed with H,O (50 mL). The organic phase was separated
and the aqueous washed with DCM (3 x 50 mL). The combined organic layers were
passed through a hydrophobic frit and concentrated in vacuo. The resulting residue
was purified by silica gel chromatography (0-50% EtOAc in cyclohexane). The
appropriate fractions were combined and solvent evaporated in vacuo to give 3.022i
(516 mg, 0.98 mmol, 88%) as a yellow solid; *H NMR (400 MHz, CDCl;) & ppm 8.01
(s, 1H), 7.97-7.93 (m, 1H), 7.50-7.45 (m, 2H), 7.42-7.36 (m, 2H), 7.35-7.30 (m,
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1H), 6.43-6.31 (m, 1H), 5.54-5.43 (m, 2H), 4.24-4.13 (m, 1H), 3.85-3.76 (m, 1H),
3.55-3.47 (m, 1H), 3.46-3.35 (m, 2H), 2.45-2.40 (m, 3H), 2.07-1.99 (m, 1H), 1.80—
1.70 (m, 2H), 1.68-1.60 (m, 1H), 1.32 (br.s, 9H); LCMS (formic acid): Ry = 1.69 min
(100%), MH" = 527.2, 529.2.

(R)-tert-Butyl 3-((2-(benzyloxy)-3-methyl-5-(5-methylpyridin-3-yl)-1,7-
naphthyridin-8-yl)amino)piperidine-1-carboxylate (3.023i)
N A mixture of 3.022i (510mg, 0.97 mmol), (5-

: | 2N methylpyridin-3-yl)boronic acid (265 mg, 1.93 mmaol),
~ N«Qcozfsu Pd(OAc), (22 mg, 0.10 mmol), Catacxium A (35 mg,
I 0.10 mmol) and K,CO; (267 mg, 1.93 mmol) in 1,4-
OBn dioxane (3mL) and H,O (1.5mL) was heated at
100 °C in a microwave reactor for 1 h. The reaction mixture was allowed to cool to
rt, diluted with EtOAc (20 mL), filtered through Celite® and concentrated in vacuo.
The resulting residue was purified by silica gel chromatography (0-50% EtOAc in
cyclohexane). The appropriate fractions were combined and sovent evaporated in
vacuo to give 3.023i (339 mg, 0.63 mmol, 65%) as a yellow solid; *HNMR
(400 MHz, CDCl;) & ppm 8.49-8.46 (m, 2H), 7.83 (s, 1H), 7.75-7.68 (m, 1H), 7.53—
7.46 (m, 3H), 7.44-7.36 (m, 2H), 7.35-7.31 (m, 1H), 6.49 (d, J = 6.8, 1H), 5.58-5.43
(m, 2H), 4.34-4.22 (m, 1H), 3.92-3.78 (m, 1H), 3.57-3.39 (m, 3H), 2.41 (s, 3H),
2.34 (s, 3H), 2.12-2.01 (m, 1H), 1.83-1.73 (m, 2H), 1.69-1.65 (m, 1H), 1.34 (br.s,
9H); LCMS (formic acid): R; = 1.10 min (100%), MH" = 540.3.

(R)-3-Methyl-5-(5-methylpyridin-3-yl)-8-(piperidin-3-ylamino)-1,7-naphthyridin-
2(1H)-one (3.020i)

_N 3.023i (339 mg, 0.63 mmol) was dissolved in TFA (3 mL,
S NN 38.90 mmol) and left to stir at 80 °C for 4 h. The volatile
N NvG“H components were removed in vacuo. Toluene (5 mL) was
LT added and the solvent evaporated in vacuo (x 3). The
© resulting residue was dissolved in MeOH (10 mL) and
passed through a preconditioned (MeOH, 10 mL) amino propyl column (10 g). The
appropriate fractions were combined and solvent evaporated in vacuo. The resulting
residue was purified by MDAP (high pH). The appropriate fractions were combined
and solvent evaporated in vacuo to give 3.020i (85 mg, 0.24 mmol, 39%) as a
yellow solid; *H NMR (400 MHz, DMSO-ds) & ppm 8.45 (d, J=1.6, 1H), 8.37 (d,

J=1.6, 1H), 7.70 (s, 1H), 7.65-7.60 (m, 1H), 7.52 (d, J= 1.2, 1H), 6.83 (d, J = 7.1,
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1H), 4.09-3.99 (m, 1H), 3.21-3.14 (m, 1H), 2.86-2.77 (m, 1H), 2.44-2.35 (m, 4H),
2.11-2.04 (m, 3H), 2.03-1.97 (m, 1H), 1.74-1.64 (m, 1H), 1.54-1.50(m, 2H); N.B.
1H signal hidden under solvent peak; LCMS (formic acid): R; = 0.38 min (100%),
MH" = 350.1.

(S)-tert-Butyl 3-((2-(benzyloxy)-3-methyl-1,7-naphthyridin-8-
ylamino)pyrrolidine-1-carboxylate (3.021))

3.16 mmol) was added to a mixture of 3.012 (600 mg,
2.11 mmol), Pdy(dba); (154 mg, 0.17 mmol), Brettphos
(113 mg, 0.21 mmol), and NaO'Bu (810 mg, 8.43 mmol) in
THF (10 mL). The reaction mixture was heated at 60 °C for 2 h. The reaction

ZaN (S)-tert-butyl  3-aminopyrrolidine-1-carboxylate (0.58 mL,
< \ ENCOztBu
| H

N

OBn

mixture was concentrated in vacuo and the resulting residue was diluted with DCM
(100 mL) and washed with H,O (100 mL). The separated organic layer was passed
through a hydrophobic frit and concentrated in vacuo. The resulting residue was
purified by silica gel chromatography (0-40% EtOAc in cyclohexane). The
appropriate fractions were combined and solvent evaporated in vacuo to give 3.021j
(872 mg, 2.00 mmol, 95%) as an orange oil; ‘"H NMR (400 MHz, CD;0D) & ppm
7.73-7.71 (m, 1H), 7.69 (d, J=5.9, 1H), 7.46-7.42 (m, 2H), 7.36-7.31 (m, 2H),
7.28-7.22 (m, 1H), 6.77 (d, J = 5.9, 1H), 5.48 (s, 2H), 4.58—-4.51 (m, 1H), 3.75-3.68
(m, 1H), 3.55-3.43 (m, 2H), 3.36-3.33 (m, 1H), 2.32 (d, J = 1.0, 3H), 2.30-2.20 (m,
1H), 2.06-1.96 (m, 1H), 1.43 (s, 9H); LCMS (formic acid): R;=0.94 min (99%),
MH" = 435.2.

(S)-tert-Butyl 3-((2-(benzyloxy)-5-bromo-3-methyl-1,7-naphthyridin-8-
yhamino)pyrrolidine-1-carboxylate (3.022))

B~y NBS (357 mg, 2.01 mmol) was added to a solution of
/EEQKN,CNCOJBU 3.021j (872 mg, 2.01 mmol) in THF (5 mL) and the mixture
| N was stirred rt for 2h. The reaction mixture was
OBn concentrated in vacuo. The resulting residue was dissolved
in DCM (50 mL) and washed with H,O (50 mL). The organic phase was separated
and the aqueous washed with DCM (3 x 50 mL). The combined organic layers were
passed through a hydrophobic frit and concentrated in vacuo to give 3.022j (1.05 g,
2.05 mmol, quant.) as a yellow solid; *H NMR (400 MHz, DMSO-ds) & ppm 8.02—
7.99 (m, 2H), 7.58-7.52 (m, 2H), 7.43-7.37 (m, 2H), 7.34-7.29 (m, 1H), 6.99-6.93
(m, 1H), 5.64 (s, 2H), 4.67-4.56 (m, 1H), 3.68-3.61 (m, 1H), 3.53-3.45 (m, 1H),
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2.41-2.37 (m, 3H), 2.28-2.18 (m, 1H), 2.12-2.00 (m, 1H), 1.42 (s, 9H); N.B. 2H
signal hidden under water peak; LCMS (formic acid): R;=1.66 min (100%),
MH" = 513.2, 514.2.

(S)-tert-Butyl 3-((2-(benzyloxy)-3-methyl-5-(5-methylpyridin-3-yl)-1,7-
naphthyridin-8-yl)amino)pyrrolidine-1-carboxylate (3.023j)
A  mixture of 3.022j (1.05g, 2.05mmoal), (5-

N
] methylpyridin-3-yl)boronic acid (0.56 g, 4.09 mmol),
X NN t '

L L hcoseu Pd(OAC), (0.05g, 0.21 mmol), Catacxium A (0.07 g,
|/N H 0.21 mmol) and K,CO; (0.57 g, 4.09 mmol) in 1,4-
OBn

dioxane (7 mL) and H,O (3.5mL) was heated at
100 °C in a microwave reactor for 1 h. The reaction mixture was allowed to cool to
rt, diluted with EtOAc (20 mL), filtered through Celite® and concentrated in vacuo.
The resulting residue was purified by silica gel chromatography (0—-100% EtOAc in
cyclohexane). The appropriate fractions were combined and sovent evaporated in
vacuo to give 3.023j (389 mg, 0.74 mmol, 36%) as an orange oil; ‘HNMR
(400 MHz, CDCl;) & ppm 8.50-8.45 (m, 2H), 7.84 (s, 1H), 7.72 (s, 1H), 7.53 (s, 1H),
7.51-7.46 (m, 2H), 7.45-7.38 (m, 2H), 7.36—-7.31 (m, 1H), 6.40 (d, J = 7.3, 1H), 5.52
(s, 2H), 4.86-4.75 (m, 1H), 3.91-3.83 (m, 1H), 3.66-3.42 (m, 2H), 3.39-3.28 (m,
1H), 2.43 (s, 3H), 2.36 (s, 3H), 2.08-1.95 (m, 1H), 1.81-1.71 (m, 1H), 1.56 (br.s,
9H); LCMS (formic acid): R; = 1.07 min (99%), MH" = 526.3.

(S)-3-Methyl-5-(5-methylpyridin-3-yl)-8-(pyrrolidin-3-ylamino)-1,7-naphthyridin-
2(1H)-one (3.020j)
N 3.023j (389 mg, 0.74 mmol) was dissolved in TFA (3 mL,
X l N 38.90 mmol) and left to stir at 80 °C for 3 h. The volatile
- N/CNH components were removed in vacuo. Toluene (5 mL) was
| Nk added and the solvent evaporated in vacuo (x 3). The
© resulting residue was dissolved in MeOH (10 mL) and
passed through a preconditioned (MeOH, 10 mL) amino propyl column (5 g). The
appropriate fractions were combined and solvent evaporated in vacuo. The resulting
residue was purified by MDAP (high pH). The approriate fractions were combined
and solvent evaporated in vacuo to give 3.020j (177 mg, 0.53 mmol, 71%) as a
yellow solid; *H NMR (400 MHz, DMSO-ds) & ppm 8.45 (d, J=1.6, 1H), 8.38 (d,
J=1.6, 1H), 7.72 (s, 1H), 7.63 (s, 1H), 7.52 (d, J = 1.2, 1H), 7.20 (d, J = 5.6, 1H),

4.56-4.47 (m, 1H), 3.11-3.02 (m, 1H), 2.98-2.90 (m, 1H), 2.87-2.79 (m, 1H), 2.38
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(s, 3H), 2.16-2.09 (m, 1H), 2.08 (d, J = 1.2, 3H), 1.85-1.72 (m, 2H); LCMS (formic
acid): R, = 0.35 min (100%), MH" = 336.1.

(R)-tert-Butyl 3-((2-(benzyloxy)-3-methyl-1,7-naphthyridin-8-
yl)amino)pyrrolidine-1-carboxylate (3.021k)

N (R)-tert-butyl 3-aminopyrrolidine-1-carboxylate (0.54 mL,
/&H*CNC%% 3.16 mmol) was added to a mixture of 3.012 (600 mg,

N 2.11 mmol), Pdj(dba); (154 mg, 0.17 mmol), Brettphos

o8n (113 mg, 0.21 mmol), and NaO'Bu (810 mg, 8.43 mmol) in
THF (10 mL). The reaction mixture was heated at 60 °C for 2 h. The reaction
mixture was concentrated in vacuo and the resulting residue was diluted with DCM
(100 mL) and washed with H,O (100 mL). The separated organic layer was passed
through a hydrophobic frit and concentrated in vacuo. The resulting residue was
purified by silica gel chromatography (0-50% EtOAc in cyclohexane). The
appropriate fractions were combined and solvent evaporated in vacuo to give
3.021k (950 mg, 2.19 mmol, quant.) as a orange solid; *H NMR (400 MHz, CDCls)
5 ppm 7.89 (d, J=5.3, 1H), 7.64 (s, 1H), 7.52-7.46 (m, 2H), 7.43-7.37 (m, 2H),
7.36-7.29 (m, 1H), 6.75 (d, J=5.3, 1H), 6.28 (d, J = 7.3, 1H), 5.49 (s, 2H), 4.81—
4.70 (m, 1H), 3.88-3.81 (m, 1H), 3.62-3.49 (m, 2H), 3.35-3.27 (m, 1H), 2.38 (s,
3H), 2.35-2.27 (m, 1H), 2.05-1.94 (m, 1H), 1.48 (s, 9H); LCMS (formic acid):
R; = 0.94 min (95%), MH" = 435.1.

(R)-tert-Butyl 3-((2-(benzyloxy)-5-bromo-3-methyl-1,7-naphthyridin-8-
yl)amino)pyrrolidine-1-carboxylate (3.022k)

BN NBS (389 mg, 2.19 mmol) was added to a solution of

G N,CNC%‘B“ 3.021k (950 mg, 2.19 mmol) in THF (5 mL) and the mixture

l/N 4 was stirred at rt for 2h. The reaction mixture was
OBn

concentrated in vacuo. The resulting residue was dissolved
in DCM (50 mL) and washed with H,O (50 mL). The organic phase was separated
and the aqueous washed with DCM (3 x 50 mL). The combined organic layers were
passed through a hydrophobic frit and concentrated in vacuo. The resulting residue
was purified by silica gel chromatography (0-50% EtOAc in cyclohexane). The
appropriate fractions were combined and solvent evaporated in vacuo to give
3.022k (965 mg, 1.88 mmol, 86%) as a pale yellow solid; '"H NMR (400 MHz,
DMSO-dg) d ppm 8.07-7.99 (m, 2H), 7.56-7.52 (m, 2H), 7.44—7.37 (m, 2H), 7.35—
7.29 (m, 1H), 7.00-6.91 (m, 1H), 5.64 (s, 2H), 4.68-4.56 (m, 1H), 3.69-3.61 (m,
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1H), 3.53-3.45 (m, 1H), 3.40-3.32 (m, 2H), 2.39 (s, 3H), 2.27-2.16 (m, 1H), 2.12—
1.97 (m, 1H), 1.14 (br.s, 9H); LCMS (formic acid): R;=1.60 min (99%),
MH" = 513.2, 515.2.

(R)-tert-Butyl 3-((2-(benzyloxy)-3-methyl-5-(5-methylpyridin-3-yl)-1,7-
naphthyridin-8-yl)amino)pyrrolidine-1-carboxylate (3.023k)

N A mixture of 3.022k (850 mg, 1.66 mmol), (5-

N I 2 N methylpyridin-3-yl)boronic acid (453 mg, 3.31 mmol),

N NfCNCOZtB” Pd(OAc); (37 mg, 0.17 mmol), Catacxium A (59 mg,
| NN 0.17 mmol) and K,CO; (458 mg, 3.31mmol) in 1,4-
OBn dioxane (7 mL) and H,O (3.5 mL) was heated at 100 °C
in a microwave reactor for 1 h The reaction mixture was allowed to cool to rt, diluted
with EtOAc (20 mL), filtered through Celite® and concentrated in vacuo. The
resulting residue was purified by silica gel chromatography (0-100% EtOAc in
cyclohexane). The appropriate fractions were combined and sovent evaporated in
vacuo to give 3.023k (482 mg, 0.92 mmol, 55%) as an orange oil;: ‘H NMR
(400 MHz, CDs0OD) & ppm 8.39-8.36 (m, 1H), 8.34-8.31 (m, 1H), 7.69-7.64 (m,
3H), 7.47-7.42 (m, 2H), 7.37-7.30 (m, 2H), 7.28-7.22 (m, 1H), 5.53-5.50 (m, 2H),
4.65-4.57 (m, 1H), 3.78-3.70 (m, 1H), 3.56-3.43 (m, 2H), 3.41-3.33 (m, 1H), 2.39
(s, 3H), 2.34-2.21 (m, 4H), 2.11-2.01 (m, 1H), 1.42 (s, 9H); LCMS (formic acid):

R; = 1.06 min (100%), MH" = 526.3.

(R)-3-Methyl-5-(5-methylpyridin-3-yl)-8-(pyrrolidin-3-ylamino)-1,7-naphthyridin-
2(1H)-one (3.020k)

N 3.023k (482 mg, 0.92 mmol) was dissolved in TFA (3 mL,
N l N 38.90 mmol) and left to stir at 80 °C for 3 h. The volatile
- NwCNH components were removed in vacuo. Toluene (5 mL) was
| N F added and the solvent evaporated in vacuo (x 3). The

o}

resulting residue was dissolved in MeOH (10 mL) and
passed through a preconditioned (MeOH, 10 mL) amino propyl column (10 g). The
appropriate fractions were combined and solvent evaporated in vacuo. The resulting
residue was purified by MDAP (high pH). The appropriate fractions were combined
and solvent evaporated in vacuo to give 3.020k (233 mg, 0.70 mmol, 76%) as a
yellow solid; *H NMR (400 MHz, DMSO-ds) & ppm 8.45 (d, J=1.6, 1H), 8.38 (d,
J=1.6, 1H), 7.73 (s, 1H), 7.65-7.62 (m, 1H), 7.52 (d, J = 1.1, 1H), 7.30-7.24 (m,
1H), 4.56-4.49 (m, 1H), 3.23-3.14 (m, 1H), 3.12-3.04 (m, 1H), 3.00-2.91 (m, 1H),
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2.90-2.82 (m, 1H), 2.38 (s, 3H), 2.16-2.09 (m, 1H), 2.05 (d, J = 1.1, 3H), 1.88-1.76
(m, 1H); LCMS (formic acid): R; = 0.35 min (100%), MH* = 336.1.

8-((4-Methoxybenzyl)amino)-3-methyl-1,7-naphthyridin-2(1H)-one (3.026)

>N A mixture of 3.011 (900 mg, 4.62 mmol) and (4-
|
| N Hm methoxyphenyl)methanamine (8 mL, 61.20 mmol) was
NH
OMe

split into 2 x 5 mL microwave vials and heated at 150 °C
° for 4 h, then at 160 °C for 1 h. The resulting suspensions
were combined, with DCM (30 mL) and filtered under reduced pressure. LCMS
indicated a mixture of product and (4-methoxyphenyl)methanamine in both solid and
filtrate. The solid and filtrate were combined and the suspension concentrated in
vacuo. The resulting solid was suspended in MeOH (30 mL) and filtered under
reduced pressure. The solid was collected to give 3.026 (1.14 g, 3.96 mmol, 83%)
as an off white solid; *"H NMR (400 MHz, DMSO-dg) & ppm 11.28 (br.s, 1H), 7.75 (d,
J=5.1, 1H), 7.70-7.66 (m, 1H), 7.30 (d, J =8.6, 2H), 7.20-7.12 (m, 1H), 6.95 (d,
J=8.6, 2H), 6.74 (d, J=5.4, 1H), 4.56 (d, J=5.1, 2H), 3.32 (s, 3H), 2.10 (s, 3H);
LCMS (formic acid): R; = 0.57 min (100%), MH" = 296.0.

5-Bromo-8-((4-methoxybenzyl)amino)-3-methyl-1,7-naphthyridin-2(1H)-one
(3.027)

B~y NBS (0.66 g, 3.72 mmol) was added to a solution of 3.026
P N (2.00 g, 3.39 mmol) in THF (20 mL). The reaction mixture

| NH H/\©\0Me was stirred at rt for 3 h. The volatile components were
0 removed in vacuo and the resulting residue was dissolved

in DCM (50 mL) and washed with H,O (50 mL). The agueous phase was extracted
in to DCM (3 x 50 mL) and the combined organic layers were passed through a
hydrophobic frit and concentrated in vacuo. The resulting solid was suspended in
MeOH (30 mL), filtered under reduced pressure and collected to give 3.027
(478 mg, 1.28 mmol, 38%) as a brown solid; *H NMR (400 MHz, CDCl;) & ppm
13.47 (br.s, 1H), 8.06 (s, 1H), 7.92-7.80 (m, 1H), 7.37 (d, J = 8.3, 2H), 7.10-6.99
(m, 1H), 6.92-6.79 (m, 2H), 4.78-4.61 (m, 2H), 3.77 (s, 3H), 1.88 (s, 3H); LCMS
(formic acid): R; = 1.12 min (93%), MH" = 373.9, 375.9.
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8-Amino-5-bromo-3-methyl-1,7-naphthyridin-2(1H)-one (3.028)

Bra N 3.027 (478 mg, 1.28 mmol) was dissolved in TFA (6 mL,
| - nH, 78.00 mmol) was heated at 80 °C for 18 h. The volatile components
NH

were removed in vacuo. Toluene (5 mL) was added and the solvent
© evaporated in vacuo (x 3). The resulting residue was dissolved in
MeOH (20 mL) and passed through a preconditioned (MeOH, 40 mL) amino propyl
column (20 g). The column was washed with MeOH (100 mL). The appropriate
fractions were combined and solvent evaporated in vacuo. The resulting solid was
suspended in Et,O (10 mL), filtered under reduced pressure, washed with Et,O
(20 mL) and collected to give 3.028 (73 mg, 0.29 mmol, 22%) as a pale orange
solid; *H NMR (400 MHz, DMSO-ds) 8 ppm 11.48 (br.s, 1H), 7.81 (s, 1H), 7.79-7.76
(m, 1H), 2.19 (s, 3H); LCMS (formic acid): R;=0.58 min (100%), MH" = 253.9,
255.9.

5-Bromo-8-chloro-3-methyl-1,7-naphthyridin-2(1H)-one (3.029)

Br To a mixture of 3.028 (73 mg, 0.29 mmol) in conc. HCI (3 mL,
N ca  99.00 mmol), sodium nitrite (396 mg, 5.75 mmol) was added at 0 °C.
NH

The reaction mixture was stirred for 10 minutes, then CuCl (32 mg,

© 0.323 mmol) was added. The mixture was allowed to warm to rt and
stirred for 18 h. The reaction mixture was diluted with sat. ag. NaHCO; (30 mL) and
EtOAc (30 mL). The organic phase was separated and the aqueous extracted with
EtOAc (3 x 40 mL). The combined organic phases were passed through a
hydrophobic frit and concentrated in vacuo to give 3.029 (19 mg, 0.07 mmol, 24%)
as an off white solid. '"H NMR (400 MHz, DMSO-dg) & ppm 11.64 (br.s, 1H), 8.36 (s,
1H), 7.93 (s, 1H), 2.21 (s, 3H); LCMS (formic acid): R;=0.88 min (100%),
MH"* = 272.8, 274.8.

2-(Benzyloxy)-3-methyl-1,7-naphthyridin-8(7H)-one (3.034)

~>nH - Method A:

X" o A mixture of 3.012 (350mg, 1.23 mmol), Pd,(dba); (113 mg,

N 0.12 mmol), CsOH (61 mg, 3.69 mmol) and Bippyphos (62 mg,
0.12 mmol) in 1,4-dioxane (10 mL) was heated at 100 °C for 1 h in a

microwave reactor. The reaction mixture was allowed to cool to rt, diluted with

OBn

EtOAc (30 mL), filtered through Celite® and concentrated in vacuo. The resulting

residue was purified by silica gel chromatography (0—100% EtOAc in cyclohexane).
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The appropriate fractions were combined and solvent evaporated in vacuo to give
3.034 (109 mg, 0.41 mmol, 33%) as a pale yellow solid.

Method B:

H,O (0.25 mL, 14.05 mmol) was added to a mixture of 3.012 (2.00 g, 7.02 mmol),
Pd,(dba); (0.32 g, 0.35 mmol), Brettphos (0.19 g, 0.35 mmol), and NaO'Bu (2.70 g,
28.10 mmol) in THF (30 mL). The reaction mixture was stirred at 70 °C for 2 h. The
reaction mixture was concentrated in vacuo and the resulting residue was dissolved
in DCM (50 mL) and washed with H,O (50 mL). The agueous phase was extracted
with DCM (3 x 50 mL) and the combined organic layers were passed through a
hydrophobic frit and concentrated in vacuo. The resulting residue was purified by
silica gel chromatography (0-50% EtOH in EtOAc). The appropriate fractions were
combined and solvent evaporated in vacuo to give 3.034 (1.71 g, 6.42 mmol, 91%)
as a yellow solid; *"H NMR (400 MHz, DMSO-dg) & ppm 11.39 (br.s, 1H), 7.89-7.85
(m, 1H), 7.57-7.52 (m, 2H), 7.42-7.36 (m, 2H), 7.35-7.30 (m, 1H), 7.14-7.09 (m,
1H), 6.44 (d, J=6.9, 1H), 5.50 (s, 2H), 2.31-2.28 (m, 3H); LCMS (formic acid):
R; = 0.96 min (99%), MH" = 267.0.

2-(Benzyloxy)-5-bromo-3-methyl-1,7-naphthyridin-8(7H)-one (3.033)
Br~nn NBS (2.74 g, 15.38 mmol) was added to a mixture of 3.034 (4.10 g,

X Yo 15.38 mmol) in THF (80 mL). The reaction mixture was left to stir at rt
/N

for 0.5 h. The reaction mixture was concentrated in vacuo and the

o8n resulting solid was suspended in DCM (20 mL), filtered under reduced
pressure, washed with DCM (20 mL) and collected to give 3.033 (2.95 g, 8.55 mmol,
56%) as an off white solid; m.p. 255-258 °C (decomp.); Vmax (solid)/cm™: 3208 (N-
H), 1664 (C=0), 1410, 1080, 728; 'H NMR (400 MHz, DMSO-dg) & ppm 11.73 (br.s.,
1H) 7.91 (d, J = 1.0, 1H) 7.55 (d, J = 7.1, 2H) 7.48 (s, 1H) 7.36—7.42 (m, 2H) 7.30—
7.36 (m, 1H) 5.52 (s, 2H) 2.35 (s, 3H); **C NMR (101 MHz, DMSO-ds) & ppm 160.5,
159.2, 137.5, 136.9, 135.9, 128.8, 128.7, 128.3, 128.0, 127.9, 127.8, 95.2, 67.5,
15.9; HRMS (M + H)" calculated for C16H14BrN,O, 345.0233; found 345.0244; LCMS

(formic acid): R, = 1.13 min (100%), MH" = 344.9, 346.9.
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2-(Benzyloxy)-3-methyl-5-(5-methylpyridin-3-yl)-1,7-naphthyridin-8(7H)-one
(3.032)

_N A mixture of 3.033 (1.50g, 4.35mmol), (5-methylpyridin-3-
~~nu - Yl)boronic acid (1.19 g, 8.69 mmol), Pd(OAc), (0.10 g, 0.44 mmol),
X" ~o Catacxium A (0.16 g, 0.44 mmol) and K,CO; (1.20 g, 8.69 mmol)

in 1,4-Dioxane (8 mL) and H,O (4 mL) was heated at 100 °C in a
microwave reactor for 1 h. The reaction mixture was allowed to
cool to rt, diluted with EtOAc (50 mL) and DCM (50 mL), filtered through Celite® and
concentrated in vacuo. The resulting residue was purified by silica gel

OBn

chromatography (0-50% EtOH in EtOAc). The appropriate fractions were combined
and solvent evaporated in vacuo to give 3.032 (1.32 g, 3.69 mmol, 85%) as a white
solid; '"H NMR (400 MHz, DMSO-dg) & ppm 11.72 (d, J = 4.4, 1H), 8.46 (d, J = 4.4,
1H), 8.41 (d, J = 1.6, 1H), 7.68-7.66 (m, 1H), 7.65-7.62 (m, 1H), 7.58-7.55 (m, 2H),
7.43-7.37 (m, 2H), 7.36—7.31 (m, 1H), 7.16—7.12 (m, 1H), 5.55 (s, 2H), 2.38 (s, 3H),
2.27 (s, 3H); LCMS (formic acid): R; = 0.78 min (100%), MH" = 358.0.

2-(Benzyloxy)-3-methyl-5-(5-methylpyridin-3-yl)-1,7-naphthyridin-8-yl
trifluoromethanesulfonate (3.031)

N To a mixture of 3.032 (1.32 g, 3.69 mmol) in DCM (25 mL),
A | N pyridine (0.60 mL, 7.39 mmol) was added at 0°C. The
| . . . s .
| N~"oso,cF, reaction mixture was left to stir for 0.5 h. Triflicanhydride
N

(2.25 mL, 7.39 mmol) was added drop—wise and the reaction

o8n mixture was stirred at 0 °C for 1 h. The reaction mixture was
diluted with DCM (50 mL) and washed with H,O (50 mL) and brine (50 mL). The
organic layer was separated, passed through a hydrophobic frit and concentrated in
vacuo to give 3.031 (1.81 g, 3.70 mmol, quant.) as a pale yellow solid; m.p. 132—
133 °C; Vmax (solid)/cm™: 1424, 1204, 1139 (S=0), 871, 831, 693; ‘HNMR
(400 MHz, CDCl3) & ppm 8.69 (s, 1H), 8.61 (s, 1H), 8.13 (s, 1H), 7.83-7.80 (m, 1H),
7.79-7.77 (m, 1H), 7.59-7.55 (m, 2H), 7.45-7.39 (m, 2H), 7.39-7.33 (m, 1H), 5.69
(s, 2H), 2.56 (s, 3H), 2.42 (d, J = 1.2, 3H); *C NMR (101 MHz, CDCl;) 5 ppm 162.6,
150.9, 150.2, 147.2, 138.4, 137.8, 136.4, 133.7, 133.4, 132.6, 131.3, 131.0, 130.7,
128.5, 128.3, 128.2, 118.7 (q, Jc.r= 320.0), 69.1, 18.5, 17.1; *F NMR (376 MHz,
DMSO-dg) 8 ppm -74.1; HRMS (M + H)" calculated for CxH;sF3N30sS, 490.1043;
found 490.1027; LCMS (formic acid): R, = 1.48 min (100%), MH" = 490.1.
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2-(Benzyloxy)-N-cyclobutyl-3-methyl-5-(5-methylpyridin-3-yl)-1,7-naphthyridin-
8-amine (3.023I)

N A mixture of 3.031 (200 mg, 0.41 mmol) and cyclobutanamine

g

Z IN i (0.0 mL, 1.23 mmol) and DIPEA (0.2 mL, 1.23 mmol) in
| N N MeCN (2.0 mL) was stirred in a microwave reactor at 140 °C
N . . .
for 1 h. The reaction mixture was concentrated in vacuo and
OBn

the resulting residue was purified by silica gel chromatography
(0—100% EtOAc in cyclohexane). The appropriate fractions were combined and
solvent evaporated in vacuo to give 3.023| (113 mg, 0.28 mmol, 67%) as a yellow
oil; '"H NMR (400 MHz, CDCl;) & ppm 8.47 (d, J=1.7, 1H), 8.45 (d, J=1.7, 1H),
7.83 (s, 1H), 7.69 (d, J = 1.0, 1H), 7.56-7.50 (m, 3H), 7.43—-7.38 (m, 2H), 7.36-7.31
(m, 1H), 6.53 (d, J =7.8, 1H), 5.55 (s, 2H), 4.79-4.67 (m, 1H), 2.60-2.56 (m, 2H),
2.41 (s, 3H), 2.33 (d, J=1.0, 3H), 2.08-1.95 (m, 2H), 1.90-1.79 (m, 2H); LCMS
(formic acid): R, = 0.87 min (93%), MH" = 411.1.

8-(Cyclobutylamino)-3-methyl-5-(5-methylpyridin-3-yl)-1,7-naphthyridin-2(1H)-
one (3.020I)
3.0231 (110 mg, 0.27 mmol) was dissolved in TFA (3 mL,

N
O 38.90 mmol) and left to stir at 80 °C for 4 h. The volatile
N
~ |N /D components were removed in vacuo. Toluene (5 mL) was
NN .
| NI added and the solvent evaporated in vacuo (x 3). The
o) resulting residue was dissolved in MeOH (20 mL) and passed

through a preconditioned (MeOH, 20 mL) amino propyl column (10 g). The column
was rinsed with MeOH (50 mL) and the filtrate concentrated in vacuo. The resulting
solid was suspended in DMSO (3 mL), filtered under reduced pressure, washed with
MeOH (5 mL), collected and dried under vacuum at 40 °C for 4 h to give 3.020l
(26 mg, 0.08 mmol, 30%) as a yellow solid; m.p. 292-295 °C (decomp.); Vmax
(solid)/cm™: 3391, 2979, 1694 (C=0), 1659, 1443, 721; *H NMR (400 MHz, DMSO-
ds) & ppm 11.39 (br.s, 1H), 8.44 (d, J = 1.6, 1H), 8.37 (d, J = 1.6, 1H), 7.70 (s, 1H),
7.63-7.60 (m, 1H), 7.51 (s, 1H), 7.22 (d, J = 5.9, 1H), 4.59-4.48 (m, 1H), 2.41-2.32
(m, 5H), 2.12-2.05 (m, 3H), 2.00-1.91 (m, 2H), 1.83-1.68 (m, 2H); *C NMR
(125 MHz, DMSO-dg) 6 ppm 161.9, 148.5, 147.1, 145.3, 139.2, 137.5, 134.5, 132.8,
131.8, 120.8, 120.0, 118.2, 46.4, 30.5, 17.9, 16.8, 15.0; N.B. 1C signal not visible in
spectrum; HRMS (M + H)" calculated for Cy;sH»N4O 321.1710; found 321.1713;
LCMS (formic acid): R; = 0.50 min (100%), MH" = 321.0
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2-(Benzyloxy)-3-methyl-N-((1r,4r)-4-methylcyclohexyl)-5-(5-methylpyridin-3-yl)-
1,7-naphthyridin-8-amine (3.023m)
N A mixture of 3.031 (150 mg, 0.31 mmol) and (1r,4r)-4-

\l N « Mmethylcyclohexanamine hydrochloride (138 mgq,
e
N

| S 0.92 mmol) and DIPEA (0.16 mL, 0.92 mmol) in MeCN
H

ZN (1.5 mL) was stirred in a microwave reactor at 140 °C for

OBn

1 h. The reaction mixture was concentrated in vacuo and
the resulting residue was purified by silica gel chromatography (0—-80% EtOAc in
cyclohexane). The appropriate fractions were combined and solvent evaporated in
vacuo to give 3.023m (70 mg, 0.16 mmol, 51%) as a yellow oil; ‘"H NMR (400 MHz,
CDCl;) d ppm 8.44 (d, J=1.8, 1H), 8.42 (d, J=1.8, 1H), 7.80 (s, 1H), 7.68 (d,
J=1.0, 1H), 7.56-7.48 (m, 3H), 7.42-7.36 (m, 2H), 7.36-7.30 (m, 1H), 7.30 (d,
J=8.3, 1H), 5.52 (s, 2H), 4.09-3.95 (m, 1H), 2.42 (s, 3H), 2.33 (d, J = 1.0, 3H),
2.24-2.17 (m, 2H), 1.85-1.75 (m, 2H), 1.52—-1.41 (m, 1H), 1.38-1.16 (m, 4H), 0.97—
0.95 (m, 3H); LCMS (formic acid): R, = 1.03 min (83%), MH" = 453.1.

3-Methyl-8-(((1r,4r)-4-methylcyclohexyl)amino)-5-(5-methylpyridin-3-yl)-1,7-
naphthyridin-2(1H)-one (3.020m)
N 3.023m (65 mg, 0.14 mmol) was dissolved in TFA (3 mL,
X l ZaN O 38.90 mmol) and left to stir at 80 °C for 4 h. The volatile
| \NH: N components were removed in vacuo. Toluene (5 mL) was
added and the solvent evaporated in vacuo. The resulting
© residue was dissolved in MeOH (5mL) and passed
through a preconditioned (MeOH, 5 mL) amino propyl column (2 g). The column was
rinsed with MeOH (5 mL) and the filtrate concentrated in vacuo. The resulting
residue was purified by MDAP (high pH). The appropriate fractions were combined
and solvent evaporated to give 3.020m (6 mg, 0.02 mmol, 11%) as a yellow solid;
'H NMR (400 MHz, DMSO-dg) 8 ppm 8.44 (d, J = 1.8, 1H), 8.36 (d, J = 1.8, 1H),
7.67 (s, 1H), 7.61 (s, 1H), 7.49 (s, 1H), 6.81 (d, J = 6.8, 1H), 4.00-3.88 (m, 1H), 2.38
(s, 3H), 2.10-2.02 (m, 5H), 1.78-1.68 (m, 2H), 1.34-1.19 (m, 2H), 1.13-0.99 (m,
2H), 0.91 (d, J =6.4, 3H); N.B. 1H signal hidden under solvent peak; LCMS (high
pH): R, = 1.18 min (100%), MH" = 363.3.

294



GSK CONFIDENTIAL INFORMATION — DO NOT COPY

(1r,4r)-4-((2-(Benzyloxy)-3-methyl-5-(5-methylpyridin-3-yl)-1,7-naphthyridin-8-
yhamino)cyclohexanol (3.023n)
A mixture of 3.031 (150 mg, 0.31 mmol) and (1r,4r)-4-
|

N
XNAN ’OwOH aminocyclohexanol (106 mg, 0.912 mmol) and DIPEA
|
N

| N (0.16 mL, 0.92 mmol) in MeCN (1.5 mL) was stirred in a
N microwave reactor at 140 °C for 1 h. The reaction mixture
OBn

was concentrated in vacuo and the resulting residue was
purified by silica gel chromatography (0—80% EtOH in EtOAc). The appropriate
fractions were combined and solvent evaporated in vacuo to give 3.023n as a yellow
oil; '"H NMR (400 MHz, CDCl;) & ppm 8.47 (d, J=1.8, 1H), 8.45 (d, J=1.8, 1H),
7.83 (s, 1H), 7.70 (d, J = 1.0, 1H), 7.56-7.46 (m, 3H), 7.42—7.30 (m, 2H), 7.35-7.30
(m, 1H), 6.24 (d, J =8.3, 1H), 5.52 (s, 2H), 4.17-4.06 (m, 1H), 3.57-3.52 (m, 1H),
2.42 (s, 3H), 2.33 (d, J = 1.0, 3H), 2.11-2.05 (m, 2H), 2.00-1.92 (m, 4H), 1.61-1.54
(m, 3H); LCMS (formic acid): R; = 0.77 min (72%), MH" = 455.4,

8-(((1r,4r)-4-Hydroxycyclohexyl)amino)-3-methyl-5-(5-methylpyridin-3-yl)-1,7-
naphthyridin-2(1H)-one (3.020n)
_N 3.023n (81 mg, 0.18 mmol) was dissolved in TFA (3 mL,
NS | N «OH 38,90 mmol) and left to stir at 80 °C for 4 h. The volatile
| \M: N’O components were removed in vacuo. Toluene (5 mL) was
added and the solvent evaporated in vacuo (x 3). The
© resulting residue was dissolved in MeOH (20 mL) and
passed through a preconditioned (MeOH, 20 mL) amino propyl column (10 g). The
column was rinsed with MeOH (50 mL) and the filtrate concentrated in vacuo. The
resulting residue was purified by MDAP (high pH). The appropriate fractions were
combined and solvent evaporated in vacuo to give 3.020n (6 mg, 0.02 mmol, 9%) as
a pale yellow solid; *H NMR (400 MHz, DMSO-ds) & ppm 11.43 (1H, s), 8.44 (d,
J=1.5, 1H), 8.37 (d, J=1.5, 1H), 7.71 (s, 1H), 7.63-7.61 (m, 1H), 7.52-7.50 (m,
1H), 6.80 (d, J = 6.9, 1H), 4.54 (d, J = 4.4, 1H), 3.98-3.87 (m, 1H), 3.52-3.42 (m,
1H), 2.38 (s, 3H), 2.10-2.02 (m, 5H), 1.91-1.83 (m, 2H), 1.34-1.25 (m, 4H); LCMS
(formic acid): R, = 0.43 min (100%), MH" = 365.0.
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(S)-2-(Benzyloxy)-3-methyl-5-(5-methylpyridin-3-yl)-N-(tetrahydro-2H-pyran-3-
y-1,7-naphthyridin-8-amine (3.0230)
_N A mixture of 3.031 (200 mg, 0.41 mmol),and (S)-tetrahydro-
X I Z N O\ 2H-pyran-3-amine hydrochloride (169 mg, 1.23 mmol) and
| N N"‘O DIPEA (0.21 mL, 1.23 mmol) in MeCN (2.0 mL) was stirred in

N ) , .
7 a microwave reactor at 140 °C for 2 h. The reaction mixture

OBn
was concentrated in vacuo and the resulting residue was

purified by silica gel chromatography (0-100% EtOAc in cyclohexane). The
appropriate fractions were combined and solvent evaporated in vacuo to give
3.0230 (64 mg, 0.15 mmol, 36%) as a yellow oil; *"H NMR (400 MHz, CDCl;) & ppm
8.48 (d, J=1.6, 1H), 8.47 (d, J = 1.6, 1H), 7.83 (s, 1H), 7.71 (d, J = 1.0, 1H), 7.56—
7.52 (m, 3H), 7.43-7.38 (m, 2H), 7.37-7.32 (m, 1H), 6.68 (d, J = 8.3, 1H), 5.64-5.49
(m, 2H), 4.40-4.32 (m, 1H), 4.06—4.00 (m, 1H), 3.80-3.74 (m, 2H), 3.68-3.60 (m,
1H), 2.43 (s, 3H), 2.35 (d, J=1.0, 3H), 1.92-1.81 (m, 2H), 1.75-1.63 (m, 2H);
LCMS (formic acid): R; = 0.85 min (80%), MH" = 441.1.

(S)-3-methyl-5-(5-methylpyridin-3-yl)-8-((tetrahydro-2H-pyran-3-yl)amino)-1,7-
naphthyridin-2(1H)-one (3.0200)

N 3.0230 (110 mg, 0.25 mmol) was dissolved in TFA (3 mL,
38.90 mmol) and left to stir at 80 °C for 4 h. The volatile

|
1O
| - N components were removed in vacuo. Toluene (5 mL) was
H

d

A

NH added and the solvent evaporated in vacuo (x 3). The
© resulting residue was dissolved in MeOH (20 mL) and
passed through a preconditioned (MeOH, 20 mL) amino propyl column (10 g). The
column was rinsed with MeOH (50 mL) and the filtrate concentrated in vacuo. The
resulting residue was purified by MDAP (high pH). The appropriate fractions were
combined and solvent evaporated in vacuo to give 3.0200 (16 mg, 0.05 mmol, 18%)
as a yellow solid; '"H NMR (400 MHz, DMSO-ds) & ppm 11.54 (br.s, 1H), 8.45 (d,
J=1.8, 1H), 8.37 (d, J = 1.8, 1H), 7.70 (s, 1H), 7.64-7.61 (m, 1H), 7.51 (d, J = 1.0,
1H), 6.88 (d, J = 6.8, 1H), 4.20-4.12 (m, 1H), 3.97 (dd, J = 10.7, 2.9, 1H), 3.79-3.70
(m, 1H), 3.46-3.38 (m, 1H), 3.21 (dd, J=10.7, 8.4, 1H), 2.38 (s, 3H), 2.08 (d,
J=1.0, 3H), 2.06-2.02 (m, 1H), 1.83-1.74 (m, 1H), 1.67-1.58 (m, 2H); LCMS
(formic acid): R, = 0.51 min (100%), MH" = 351.1.
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(1s,4s)-4-((2-(Benzyloxy)-3-methyl-5-(5-methylpyridin-3-yl)-1,7-naphthyridin-8-
yhamino)cyclohexanol (3.023p)
N A mixture of 3.031 (200 mg, 0.41 mmol), and (1s,4s)-4-

\I 2 N oH aminocyclohexanol (141 mg, 1.23 mmol) and DIPEA
LT
N

| S (0.21 mL, 1.23 mmol) in MeCN (2.0 mL) was stirred in a
H
=N microwave reactor at 140 °C for 1 h. The reaction mixture
OBn

was concentrated in vacuo and the resulting residue was
purified by silica gel chromatography (0—100% EtOAc in cyclohexane, then 0-50%
EtOH in EtOAc). The appropriate fractions were combined and solvent evaporated
in vacuo to give 3.023p (136 mg, 0.30 mmol, 73%) as a yellow oil; ‘H NMR
(400 MHz, CDCl;) & ppm 8.48 (d, J = 1.8, 1H), 8.46 (d, J = 1.8, 1H), 7.82 (s, 1H),
7.71 (d, J = 1.1, 1H), 7.55-7.48 (m, 3H), 7.44-7.38 (m, 2H), 7.36—7.31 (m, 1H), 6.51
(d, J=8.1, 1H), 5.55 (s, 2H), 4.28-4.20 (m, 1H), 4.04-3.96 (m, 1H), 2.43 (s, 3H),
2.35 (d, J=1.1, 3H), 1.95-1.72 (m, 8H); LCMS (formic acid): R; = 0.74 min (83%),
MH" = 455.2.

8-(((1s,4s)-4-hydroxycyclohexyl)amino)-3-methyl-5-(5-methylpyridin-3-yl)-1,7-
naphthyridin-2(1H)-one (3.020p)

N 3.023p (136 mg, 0.30 mmol) was dissolved in TFA (3 mL,
: | NN oH 38.90 mmol) and left to stir at 80 °C for 4 h. The volatile
) NO components were removed in vacuo. Toluene (5 mL) was

NH F added and the solvent evaporated in vacuo (x 3). The

o resulting residue was dissolved in MeOH (20 mL) and

passed through a preconditioned (MeOH, 20 mL) amino propyl column (10 g). The
column was rinsed with MeOH (50 mL) and the filtrate concentrated in vacuo. The
resulting residue was purified by MDAP (high pH). The appropriate fractions were
combined and solvent evaporated in vacuo to give 3.020p (26 mg, 0.07 mmol, 24%)
as a yellow solid; m.p. <300 °C; Vnax (solid)/cm™: 3385 (O-H), 2919 (N-H), 1656
(C=0), 1526, 1370, 972, 717; *H NMR (400 MHz, DMSO-dg) & ppm 11.57 (br.s, 1H),
8.44 (d, J= 1.5, 1H), 8.37 (d, J = 1.5, 1H), 7.70 (s, 1H), 7.64-7.59 (m, 1H), 7.51 (s,
1H), 6.81 (d, J = 6.8, 1H), 4.41 (d, J = 2.8, 1H), 4.13-4.03 (m, 1H), 3.77-3.70 (m,
1H), 2.38 (s, 3H), 2.10-2.06 (m, 3H), 1.79-1.65 (m, 6H), 1.60-1.51 (m, 2H); **C
NMR (101 MHz, DMSO-dg) & ppm 161.7, 148.4, 147.1, 146.5, 139.0, 137.4, 134.1,
132.8, 132.7, 131.9, 120.9, 120.8, 117.7, 64.8, 47.8, 31.1, 27.0, 17.8, 16.7; HRMS
(M + H)" calculated for CyH2sN40, 365.1972; found 365.1971; LCMS (high pH):
R; = 0.80 min (100%), MH" = 365.3.
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General Procedure 3A: Synthesis of 8-position array compounds

/N | 1) amine, DIPEA, MeCN, /N |
X = IN 2) :]FI?AHY(?\:T?m pwave X = IN
| N~ N0S0,CF, > | N R
ZN NH
OBn O

A mixture of 3.031 (150 mg, 0.31 mmol) and amine (0.92 mmol, 3 eq.) and DIPEA
(0.16 mL, 0.92 mmol, 3 eq.) in MeCN (1.5 mL) was stirred in a microwave reactor at
140 °C for 1 h. The reaction mixture was concentrated in vacuo and the resulting
residue was dissolved in TFA (1.5 mL, 19.47 mmol, 64 eq.) and heated at 100 °C in
the microwave reactor for 10 minutes. The reaction mixture was allowed to cool to rt
and concentrated in vacuo. The resulting residue was dissolved in MeOH (5 mL)
and passed through a preconditioned (MeOH, 5 mL) amino propyl column (2 g). The
column was washed with MeOH (10 mL). The filtrate was concentrated in vacuo and
the resulting solid was purified by MDAP (high pH). The appropriate fractions were
combined and solvent evaporated in vacuo to give the desired product.

8-(Cycloheptylamino)-3-methyl-5-(5-methylpyridin-3-yl)-1,7-naphthyridin-2(1H)-
one (3.020q)

/NI Following General Procedure 3A using cycloheptanamine
X ZaN (0.12 mL, 0.92 mmol), gave 3.020g (27 mg, 0.07 mmol,
| N N 24%) as a yellow solid; m.p. 216-218 °C (decomp.); Vmax

NH

(solid)/cm™: 3399, 2919, 1661 (C=0), 1596, 1437, 878, 723;
'H NMR (400 MHz, DMSO-dg) & ppm 11.50 (br.s, 1H), 8.44
(d,J=1.7, 1H), 8.37 (d, J = 1.7, 1H), 7.70 (s, 1H), 7.62 (s, 1H), 7.50 (d, J = 1.0, 1H),
6.86 (d, J=7.1, 1H), 4.30-4.18 (m, 1H), 2.38 (s, 3H), 2.07 (s, 3H), 2.04-1.95 (m,
2H), 1.70-1.45 (m, 10H); **C NMR (101 MHz, DMSO-ds) & ppm 162.2, 148.4, 147.1,
145.8, 138.9, 137.4, 133.9, 132.7, 132.6, 132.0, 120.7, 117.6, 51.0, 34.1, 28.1, 23.7,
17.8, 16.8; HRMS (M + H)" calculated for C,,H,7N,O 363.2179; found 363.2183;
LCMS (high pH): R, = 1.19 min (100%), MH" = 363.3.
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8-(((1r,4r)-4-Aminocyclohexyl)amino)-3-methyl-5-(5-methylpyridin-3-yl)-1,7-
naphthyridin-2(1H)-one (3.020r)

_N Following General Procedure 3A using ((1r,4r)-4-
S | N #NH2 aminocyclohexyl)carbamate (197 mg, 0.92 mmol), gave
N NO 3.020r (16 mg, 0.04 mmol, 14%) as a yellow solid; H
(o NMR (400 MHz, DMSO-dg) & ppm 8.44 (d, J = 1.7, 1H),
8.36 (d, J=1.7, 1H), 7.67 (s, 1H), 7.64-7.59 (m, 1H),
7.49 (s, 1H), 6.81 (d, J = 6.8, 1H), 3.99-3.86 (m, 1H), 2.67-2.56 (m, 1H), 2.38 (s,
3H), 2.10-2.00 (m, 5H), 1.87-1.78 (m, 2H), 1.36-1.24 (m, 2H), 1.23-1.10 (m, 2H);

LCMS (high pH): R; = 0.70 min (94%), MH" = 364.3.

o}

3-Methyl-8-((2-methylcyclohexyl)amino)-5-(5-methylpyridin-3-yl)-1,7-
naphthyridin-2(1H)-one (3.020s)

N I Following General Procedure 3A using 2-
\ NN j:) methylcyclohexanamine (0.12 mL, 0.92 mmol), gave 3.020s
|
| N N (4 mg, 10.50 pmol, 3%) as a yellow solid; *H NMR (400 MHz,
NH
o}

CD,OD) & ppm 8.45 (s, 1H), 8.38 (s, 1H), 7.76—7.73 (m, 1H),

7.66 (s, 1H), 7.64—7.62 (m, 1H), 3.85-3.73 (m, 1H), 2.46 (s,
3H), 2.21 (s, 3H), 2.19-2.08 (m, 1H), 1.92-1.72 (m, 3H), 1.68-1.55 (m, 1H), 1.51—
1.16 (m, 4H), 1.01 (d, J=6.6, 3H); LCMS (high pH): R.=1.16 min (98%),
MH* = 363.4.

General Procedure 3B: Synthesis of 8-position array compounds

N | 1) amine, DIPEA, MeCN, N |
1 h, pwave
X ; X
= |N 2) TFA, 0.5 h, ywave z IN
=
| N 0S0,CF, | N R
N NH
OBn (6]

A mixture of 3.031 (100 mg, 0.20 mmol), amine (0.60 mmol, 3 eq.) and DIPEA
(0.07 mL, 0.40 mmol, 2 eq.) in MeCN (1.5 mL) was heated at 140 °C for 1 h. The
reaction mixture was allowed to cool to rt and concentrated in vacuo. The resulting
residue was dissolved in TFA (2 mL, 128 eq.) and heated at 100 °C for 0.5 h. The

reaction mixture was concentrated in vacuo and the resulting residue was dissolved

in MeOH (5 mL) and passed through a preconditioned (MeOH, 5 mL) amino propyl
column (2 g). The filtrate was concentrated in vacuo and the resulting residue was
purified by MDAP (high pH). The appropriate fractions were combined and solvent

evaporated in vacuo to the desired product.
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8-((4-(Hydroxymethyl)cyclohexyl)amino)-3-methyl-5-(5-methylpyridin-3-yl)-1,7-
naphthyridin-2(1H)-one (3.020t)
N Following General Procedure 3B using (4-
X ZaN on aminocyclohexyl)methanol (79 mg, 0.60 mmol), gave
N/O/\ 3.020t (27 mg, 0.07 mmol, 35%) as a pale yellow solid;
m.p. 273-275 °C; Vmax (solid)/cm™: 3388 (O-H), 2903
(N-H), 1657 (C=0), 1594, 848, 716; "H NMR (400 MHz,
DMSO-dg) 6 ppm 11.42 (br.s, 1H), 8.44 (d, J =1.6, 1H), 8.37 (d, J = 1.6, 1H), 7.70
(s, 1H), 7.62 (s, 1H), 7.50 (s, 1H), 6.85 (d, J =6.4, 1H), 4.41-4.35 (m, 1H), 3.99-
3.89 (m, 1H), 3.27-3.24 (m, 2H), 2.38 (s, 3H), 2.14-2.02 (m, 5H), 1.85-1.78 (m,
2H), 1.45-1.32 (m, 1H), 1.32-1.19 (m, 2H), 1.10-0.96 (m, 2H); *C NMR (101 MHz,
DMSO-d¢) & ppm 161.9, 148.4, 147.0, 139.0, 137.5, 134.0, 132.8, 132.7, 131.9,
131.8, 120.8, 120.7, 117.6, 66.3, 49.9, 32.1, 28.3, 17.8, 16.7; N.B. 1C signal hidden
under solvent peak; HRMS (M + H)" calculated for C,,H,;N4O, 379.2129; found
379.2137; LCMS (high pH): R, = 0.82 min (98%), MH" = 379.2.

3-Methyl-8-(((1-methylpiperidin-4-yl)methyl)amino)-5-(5-methylpyridin-3-yl)-1,7-
naphthyridin-2(1H)-one (3.020u)

N Following  General Procedure 3B using (1-
X l z IN methylpiperidin-4-yl)methanamine (0.09 mL, 0.60 mmol),
I \NH H/\G\J gave 3.020u (23 mg, 0.06 mmol, 30%) as a yellow solid;
I S m.p. 250-252°C (decomp.); Vmax (sSOlid)/cm™: 3388,

2910, 1653 (C=0), 1591, 1441, 860, 722, 675; ‘*H NMR
(400 MHz, DMSO-ds) & ppm 11.17 (br.s, 1H), 8.44 (d, J=1.7, 1H), 8.37 (d, J = 1.7,
1H), 7.70 (s, 1H), 7.64-7.60 (m, 1H), 7.51 (d, J = 1.2, 1H), 6.95 (t, J= 5.0, 1H), 3.38-
3.32 (m, 2H), 2.80-2.72 (m, 2H), 2.39 (s, 3H), 2.14 (s, 3H), 2.08 (d, J = 1.0, 3H),
1.88-1.79 (m, 2H), 1.78-1.71 (m, 2H), 1.66—-1.54 (m, 1H), 1.30-1.18 (m, 2H); **C
NMR (101 MHz, DMSO-ds) & ppm 161.9, 148.5, 147.1, 146.5, 139.0, 137.4, 134.2,
132.8, 131.9, 127.3, 120.8, 120.5, 117.9, 55.2, 46.9, 46.2, 34.5, 29.9, 17.8, 16.7;
HRMS (M + H)" calculated for CpH,sNsO 378.2288; found 378.2294; LCMS (high
pH): R, = 0.80 min (98%), MH" = 378.4.
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3-Methyl-8-(((4-methylmorpholin-2-yl)methyl)amino)-5-(5-methylpyridin-3-yl)-
1,7-naphthyridin-2(1H)-one (3.020v)
N Following General Procedure 3B using (4-

-

\ | methylmorpholin-2-yl)ymethanamine (0.08 mL, 0.60 mmol),

'H NMR (400 MHz, CD;0D) & ppm 8.44 (d, J=1.8, 1H),

8.36 (d, J=1.8, 1H), 7.74-7.70 (m, 2H), 7.61 (d, J=1.5,
1H), 3.96-3.89 (m, 1H), 3.89-3.81 (m, 1H), 3.72-3.62 (m, 2H), 3.60-3.52 (m, 1H),
2.94-2.86 (m, 1H), 2.74-2.68 (m, 1H), 2.46 (s, 3H), 2.30 (s, 3H), 2.22-2.15 (m, 4H),
2.02-1.94 (m, 1H); LCMS (high pH): R, = 0.78 min (91%), MH" = 337.3.

Z N
~ N o. gave 3.020v (8 mg, 0.02 mmol, 10%) as a yellow solid;
L~ H/\[j
N
o I

3-Methyl-8-((2-(4-methylmorpholin-2-yl)ethyl)amino)-5-(5-methylpyridin-3-yl)-
1,7-naphthyridin-2(1H)-one (3.020w)
N | | Following General Procedure 3B using 2-(4-
X = |N /\)i"‘] methylmorpholin-2-yl)ethanamine (88 mg, 0.60 mmol),
| \NH N o~ gave 3.020w (8 mg, 0.02 mmol, 10%) as a yellow solid;
'H NMR (400 MHz, DMSO-dg) & ppm 11.40 (br.s, 1H),
8.45 (s, 1H), 8.41-8.34 (m, 1H), 7.72 (s, 1H), 7.63 (s,
1H), 7.53 (s, 1H), 7.01-6.93 (m, 1H), 3.85-3.79 (m, 1H), 3.66-3.44 (m, 4H), 3.29 (s,
3H), 2.87-2.64 (m, 2H), 2.39 (s, 3H), 2.30-2.21 (m, 2H), 2.08 (s, 3H), 1.78-1.69 (m,
2H); LCMS (high pH): R, = 0.80 min (96%), MH" = 394.3.

o}

3-Methyl-5-(5-methylpyridin-3-yl)-8-((tetrahydrofuran-3-yl)amino)-1,7-
naphthyridin-2(1H)-one (3.020x)
_N Following General Procedure 3B using tetrahydrofuran-3-
X | z |N L(} amine (0.05mL, 0.60 mmol), gave 3.020x (12 mg,
| \NH H 0.04 mmol, 17%) as a yellow solid; 'H NMR (400 MHz,
DMSO-dg) & ppm 11.45 (br.s, 1H), 8.45 (d, J = 1.8, 1H), 8.37
(d, J=1.8, 1H), 7.71 (s, 1H), 7.66-7.60 (m, 1H), 7.53-7.47
(m, 1H), 7.12 (d, J = 5.6, 1H), 4.66—4.56 (m, 1H), 3.96-3.86 (m, 2H), 3.80-3.73 (m,
1H), 3.64 (dd, J=9.0, 3.4, 1H), 2.38 (s, 3H), 2.30-2.20 (m, 1H), 2.08 (d, J =1.0,
3H), 1.98-1.88 (m, 1H); LCMS (high pH): R; = 0.78 min (98%), MH" = 337.3.

o}
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8-((Cyclohexylmethyl)amino)-3-methyl-5-(5-methylpyridin-3-yl)-1,7-
naphthyridin-2(1H)-one (3.042a)
_N Following General Procedure 3B using
XNAN cyclohexylmethanamine (0.08 mL, 0.60 mmol), gave
N ”/\O 3.042a (43 mg, 0.12 mmol, 58%) as a yellow solid; m.p.
216218 °C (decomp.); Vmax (solid)/cm™: 3393 (N-H), 2923,
1655 (C=0), 1593, 1268, 680; '"H NMR (400 MHz, DMSO-
ds) & ppm 11.62 (br.s, 1H), 8.57 (s, 1H), 8.51 (s, 1H), 7.86 (s, 1H), 7.71 (s, 1H), 7.57
(s, 1H), 7.43-7.10 (m, 1H), 3.40-3.31 (m, 2H), 2.43 (s, 3H), 2.11 (s, 3H), 1.88-1.79
(m, 2H), 1.77-1.61 (m, 4H), 1.31-1.15 (m, 3H), 1.09-0.94 (m, 2H); *C NMR
(101 MHz, DMSO-ds) 6 ppm 161.9, 148.5, 147.1, 146.5, 139.1, 137.4, 134.1, 132.8,
132.7, 132.1, 120.8, 120.7, 117.3, 47.7, 36.6, 30.5, 26.0, 25.4, 17.8, 16.7; HRMS
(M + H)" calculated for C,,H»;N,O 363.2179; found 363.2189; LCMS (formic acid):
R; = 0.69 min (100%), MH" = 363.2.

8-(((1-Ethylpiperidin-4-yl)methyl)amino)-3-methyl-5-(5-methylpyridin-3-yl)-1,7-
naphthyridin-2(1H)-one (3.042Db)

N Following General Procedure 3B using (1-

-

NS ethylpiperidin-4-yl)methanamine (87 mg, 0.61 mmol),

N\

| \NH' HU gave 3.042b (14 mg, 0.04 mmol, 18%) as a white solid;
~" 14 NMR (400 MHz, DMSO-ds) 5 ppm 11.48 (br.s, 1H),

© 8.44 (d, J = 1.8, 1H), 8.37 (d, J = 1.8, 1H), 7.70 (s, 1H),

7.62 (s, 1H), 7.51 (d, J=1.2, 1H), 6.95 (t, J = 5.0, 1H), 3.38-3.32 (m, 2H), 2.92—

2.83 (m, 2H), 2.38 (s, 3H), 2.30 (g, J = 7.1, 2H), 2.08 (s, 3H), 1.88-1.73 (m, 4H),

1.70-1.58 (m, 1H), 1.28-1.17 (m, 2H), 0.99 (t, J= 7.1, 3H); LCMS (formic acid):

R; = 0.35 min (100%), MH* = 392.2.

3-Methyl-5-(5-methylpyridin-3-yl)-8-(((1-propylpiperidin-4-yl)methyl)amino)-1,7-
naphthyridin-2(1H)-one (3.042c)
_N Following General Procedure 3B using (1-
S | 2N propylpiperidin-4-yl)methanamine (96 mg,
| G ”/\G 0.60 mmol), gave 3.042c (26 mg, 0.06 mmol, 31%)
NH N\ as an off white solid; *"H NMR (400 MHz, DMSO-d5)
© 5 ppm 11.48 (br.s, 1H), 8.44 (d, J = 1.8, 1H), 8.37 (d,
J=1.8, 1H), 7.70 (s, 1H), 7.62 (s, 1H), 7.51 (d, J = 1.2, 1H), 6.95 (t, J = 4.9, 1H),

3.38-3.31 (m, 2H), 2.89-2.81 (m, 2H), 2.38 (s, 3H), 2.23-2.16 (m, 2H), 2.08 (d,
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J=1.2, 3H), 1.87-1.79 (m, 2H), 1.79-1.71 (m, 2H), 1.69-1.58 (m, 1H), 1.48-1.36
(m, 2H), 1.29-1.16 (m, 2H), 0.84 (t, J = 7.3, 3H); LCMS (high pH): R,=0.92 min
(100%), MH" = 406.4.

8-(((1-Butylpiperidin-4-yl)methyl)amino)-3-methyl-5-(5-methylpyridin-3-yl)-1,7-
naphthyridin-2(1H)-one (3.042d)

N Following General Procedure 3B using (1-

’d

~ | butylpiperidin-4-yl)methanamine (104 mg,

i |N N 0.60 mmol), gave 3.042d (3 mg, 7.20 umol, 4%) as

| An H/\O\l\/\/ a yellow solid; *H NMR (400 MHz, CD;0D) & ppm

o 8.50-8.44 (m, 1H), 8.42-8.36 (m, 1H), 7.77-7.66

(m, 2H), 7.60 (s, 1H), 3.47 (d, J = 6.6, 2H), 3.12-3.03 (m, 2H), 2.50-2.43 (m, 5H),

2.21-2.08 (m, 5H), 1.97-1.78 (m, 3H), 1.60-1.50 (m, 2H), 1.46-1.30 (m, 4H), 0.95
(t, J = 7.3, 3H); LCMS (formic acid): R, = 0.42 min (96%), MH" = 420.3.

3-Methyl-5-(5-methylpyridin-3-yl)-8-((2-(piperidin-1-yl)ethyl)amino)-1,7-
naphthyridin-2(1H)-one (3.042¢)
N Following General Procedure 3B using 2-(piperidin-1-
X Z |N yl)ethanamine (79 mg, 0.60 mmol), gave 3.042e (39 mg,
N>~ 0.10 mmol, 51%) as a yellow solid; m.p. 240-242 °C
e (decomp.); Ve (solid)em™: 3396 (N-H), 2931, 1658
(C=0), 1595, 1451, 720; 'H NMR (400 MHz, CD;0OD)
o ppm 8.44 (d, J=1.6, 1H), 836 (d, J=1.6, 1H), 7.74-7.71 (m, 2H), 7.60 (d,
J=1.0, 1H), 3.72 (t, J=6.5, 2H), 2.76 (t, J = 6.5, 2H), 2.63-2.56 (M, 4H), 2.46 (s,
3H), 2.19 (d, J=1.0, 3H), 1.73-1.65 (m, 4H), 1.56-1.50 (m, 2H); *C NMR
(101 MHz, DMSO-dg) & ppm 161.9, 148.5, 147.1, 146.5, 139.1, 137.4, 134.1, 132.8,
131.9, 120.9, 117.9, 57.5, 54.1, 38.6, 25.5, 24.0, 17.8, 16.7; HRMS (M + H)"
calculated for C,,H,gNsO 378.2288; found 378.2298; LCMS (high pH): R; = 0.90 min
(100%), MH" = 378.3.

(0]
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3-Methyl-8-((2-(1-methylpiperidin-4-yl)ethyl)amino)-5-(5-methylpyridin-3-yl)-1,7-
naphthyridin-2(1H)-one (3.042f)
N Following General Procedure 3B using 2-(1-

S | N N~ Mmethylpiperidin-4-yl)ethanamine (87 mg, 0.613 mmol),

| g H/\/O gave 3.042f (29 mg, 0.07 mmol, 36%) as a yellow

NH solid; *H NMR (400 MHz, DMSO-ds) & ppm 11.38 (br.s,

1H), 8.45 (d, J = 1.8, 1H), 8.37 (d, J = 1.8, 1H), 7.71 (s,

1H), 7.64—-7.60 (m, 1H), 7.52 (d, J =1.2, 1H), 6.92 (t, J =4.8, 1H), 3.53-3.46 (m,

2H), 3.08-2.98 (m, 2H), 2.45-2.36 (m, 6H), 2.35-2.22 (m, 2H), 2.08 (d, J = 1.2, 3H),

1.83-1.74 (m, 2H), 1.63-1.55 (m, 2H), 1.53-1.44 (m, 1H), 1.36-1.20 (m, 2H); LCMS
(high pH): R; = 0.85 min (100%), MH" = 392.3.

(o]

8-(((1-(2-Methoxyethyl)piperidin-4-yl)methyl)amino)-3-methyl-5-(5-
methylpyridin-3-yl)-1,7-naphthyridin-2(1H)-one (3.0429)

N Following General Procedure 3B using (1-(2-meth
X l z |N oxyethyl)piperidin-4-yl)methanamine (106 mg,
| \NH ﬁ/\Q 0.60 mmol), gave 3.042g (12mg, 0.03 mmol,
I ~"ome 14%) as an orange solid; '"H NMR (400 MHz,

CD,OD) &ppm 8.46-8.43 (m, 1H), 8.35 (d,
J=1.7, 1H), 7.74 (s, 1H), 7.72-7.69 (m, 1H), 7.62 (d, J = 1.2, 1H), 3.68 (t, J=5.1,
2H), 3.56-3.45 (M, 4H), 3.40 (s, 3H), 3.21-3.14 (m, 2H), 2.93-2.78 (m, 2H), 2.46 (s,
3H), 2.21-2.16 (m, 3H), 2.10-2.00 (m, 3H), 1.64—1.52 (m, 2H); LCMS (high pH):
R, = 0.85 min (96%), MH* = 422.3.

8-(((1-(2-Hydroxyethyl)piperidin-4-yl)methyl)amino)-3-methyl-5-(5-
methylpyridin-3-yl)-1,7-naphthyridin-2(1H)-one (3.042h)

_N Following General Procedure 3B using 2-(4-

B | 2N (aminomethyl)piperidin-1-yl)ethanol (97 mg,
|

NN 0.60 mmol), gave 3.042h (8 mg, 0.02 mmol, 10%)

Ne~on asa pale yellow solid; *H NMR (400 MHz, DMSO-

ds) & ppm 11.50 (br.s, 1H), 8.44 (d, J=1.6, 1H),
8.37 (d, J=1.6, 1H), 7.67 (s, 1H), 7.63-7.60 (m, 1H), 7.49 (d, J = 1.0, 1H), 6.95 (t,
J=5.0, 1H), 4.34-4.24 (m, 1H), 3.52-3.45 (m, 2H), 3.34 (t, J = 5.9, 2H), 2.91-2.84
(m, 2H), 2.40-2.33 (m, 5H), 2.07 (s, 3H), 1.97-1.88 (m, 2H), 1.78-1.70 (m, 2H),
1.68-1.58 (m, 1H), 1.30-1.17 (m, 2H); LCMS (high pH): R;=0.75 min (98%),
MH" = 408.3.
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3-Methyl-8-(((1-methylpiperidin-3-yl)methyl)amino)-5-(5-methylpyridin-3-yl)-1,7-
naphthyridin-2(1H)-one (3.042i)
N Following General Procedure 3B using (1-methylpiperidin-

| NN 3-yl)methanamine (0.09 mL, 0.60 mmol), gave 3.042i

N ”/\(j (20 mg, 0.05 mmol, 26%) as a yellow solid; 'H NMR

NH N” (400 MHz, DMSO-ds) &ppm 1143 (brs, 1H), 845 (d,
© J=1.8, 1H), 8.37 (d, J = 1.8, 1H), 7.71 (s, 1H), 7.64-7.60
(m, 1H), 7.52 (d, J = 1.2, 1H), 6.97 (t, J = 4.9, 1H), 3.41-3.32 (m, 2H), 2.85-2.80 (m,
1H), 2.67-2.60 (m, 1H), 2.38 (s, 3H), 2.16 (s, 3H), 2.09 (d, J = 1.0, 3H), 1.97-1.83
(m, 2H), 1.79-1.61 (m, 4H), 1.52-1.40 (m, 1H), 1.05-0.92 (m, 1H); LCMS (high pH):

R, = 0.86 min (100%), MH* = 378.3.

’d

N

8-(((1,1-Dioxidotetrahydro-2H-thiopyran-4-yl)methyl)amino)-3-methyl-5-(5-
methylpyridin-3-yl)-1,7-naphthyridin-2(1H)-one (3.042))

N Following  General Procedure 3B using 4-
X l ZaN (aminomethyl)tetrahydro-2H-thiopyran 1,1-dioxide
| \NF: H/\@O hydrochloride (122 mg, 0.60 mmol), gave 3.042j (6 mg,
I > 0.02mmol, 7%) as a pale yellow solid; *H NMR

(400 MHz, DMSO-ds) & ppm 11.44 (br.s, 1H), 8.37 (d,
J=1.7, 1H), 7.75-7.71 (d, J = 1.7, 1H), 7.64-7.61 (m, 1H), 7.51 (s, 1H), 7.11-7.03
(m, 1H), 3.48-3.40 (m, 2H), 3.20-3.01 (m, 4H), 2.38 (s, 3H), 2.18-2.11 (m, 2H),
2.08 (s, 3H), 2.05-1.93 (m, 1H), 1.76-1.64 (m, 2H); LCMS (high pH): R, = 0.77 min
(92%), MH" = 413.3.

3-Methyl-5-(5-methylpyridin-3-yl)-8-(((1-methylpyrrolidin-3-yl)methyl)amino)-
1,7-naphthyridin-2(1H)-one (3.042k)

N Following  General Procedure 3B using (1-

’d

A methylpyrrolidin-3-yl)methanamine (70 mg, 0.60 mmol),

2\
| ~ H/\CN’ gave 3.042k (11 mg, 0.03 mmol, 15%) as a yellow solid;
NH IH NMR (400 MHz, CD,OD) & ppm 8.45-8.41 (m, 1H),
© 8.37-8.34 (m, 1H), 7.73-7.69 (m, 2H), 7.61-7.59 (m,
1H), 3.56 (d, J = 7.3, 2H), 2.92-2.85 (m, 1H), 2.76-2.66 (m, 3H), 2.54-2.47 (m, 1H),
2.45 (s, 3H), 2.43 (s, 3H), 2.18 (s, 3H), 2.17-2.10 (M, 1H), 1.75-1.64 (m, 1H); LCMS
(high pH): R, = 0.83 min (95%), MH" = 364.3.
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8-(((3-Hydroxycyclopentyl)methyl)amino)-3-methyl-5-(5-methylpyridin-3-yl)-1,7-
naphthyridin-2(1H)-one (3.042I)

N Following General Procedure 3B using 3-
A NN (aminomethyl)cyclopentanol (71 mg, 0.60 mmol), gave
X ”/\O/OH 3.0421 (29 mg, 0.08 mmol, 39%) as a pale yellow solid
and mixture of diastereomers; *H NMR (400 MHz,
DMSO-d¢) 6 ppm 11.49 (br.s, 1H), 8.44 (d, J=1.8,
1H), 8.37 (d, J = 1.8, 1H), 7.70 (s, 1H), 7.64-7.60 (m, 1H), 7.55-7.46 (m, 1H), 7.00—
6.94 (m, 1H), 4.49-4.45 (m, 1H), 4.40-4.34 (m, 1H), 4.22-4.08 (m, 1H), 3.45 (dd,
J=7.0,5.3, 1H), 3.40-3.35 (m, 1H), 2.38 (s, 3H), 2.27-2.16 (m, 1H), 2.11-2.06 (m,
3H), 2.05-1.96 (m, 1H), 1.95-1.79 (m, 1H), 1.77-1.64 (m, 1H), 1.57-1.40 (m, 1H),
1.29-1.21 (m, 1H); LCMS (high pH): R; = 0.78 min (100%), MH" = 365.4.

8-((2-(1,1-Dioxidotetrahydro-2H-thiopyran-4-yl)ethyl)amino)-3-methyl-5-(5-
methylpyridin-3-yl)-1,7-naphthyridin-2(1H)-one (3.042m)
N Following General Procedure 3B using

N | y |N /\/OSOZ 4-(2-aminoethyl)tetrahydro-2H-thiopyran 1,1-dioxide

| X N (2109 mg, 0.60 mmol), gave 3.042m (5 mg, 0.01 mmol,

NH 6%) as a yellow solid; *H NMR (400 MHz, DMSO-ds)

5 ppm 11.37 (br.s, 1H), 8.45 (d, J = 1.7, 1H), 7.72 (d,

J=1.7, 1H), 7.65-7.61 (m, 1H), 7.55-7.50 (m, 1H), 6.99-6.91 (m, 1H), 3.59-3.46

(m, 2H), 3.17-3.07 (m, 2H), 3.06-2.98 (m, 2H), 2.38 (s, 3H), 2.13-2.03 (m, 5H),

1.84-1.73 (m, 1H), 1.70-1.60 (m, 4H); LCMS (high pH): R;=0.78 min (100%),
MH" = 427.2.

o

8-((3-(Dimethylamino)-2,2-dimethylpropyl)amino)-3-methyl-5-(5-methylpyridin-
3-y)-1,7-naphthyridin-2(1H)-one (3.042n)
N Following General Procedure 3B using N1,N1,2,2-

d

™ | N tetramethylpropane-1,3-diamine (0.10 mL, 0.60 mmol),
G N/\{/\NMGQ gave 3.042n (24 mg, 0.06 mmol, 31%); m.p. 179-

(_nw H 181 °C; Vmax (solid)/cm™: 3377, 2941, 1660 (C=0),

© 1596, 1425, 821, 723; 'H NMR (400 MHz, DMSO-dg)

& ppm 11.78 (br.s, 1H), 8.44 (d, J = 1.5, 1H), 8.37 (d, J= 1.5, 1H), 7.68 (s, 1H),
7.65-7.59 (m, 1H), 7.51 (s, 1H), 6.71-6.55 (m, 1H), 3.45-3.41 (m, 2H), 2.38 (s, 3H),
2.25 (s, 6H), 2.23-2.21 (m, 2H), 2.08 (s, 3H), 0.93 (s, 6H); *C NMR (101 MHz,
DMSO-ds) & ppm 162.2, 148.4, 147.1, 138.7, 137.4, 132.8, 132.0, 120.9, 117.9,
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67.9, 49.5, 48.5, 36.9, 24.1, 17.8, 16.7; N.B. 3C signals not visible in spectrum;
HRMS (M + H)" calculated for CyH3NsO 380.2445; found 380.2451; LCMS (high
pH): R, = 0.90in (100%), MH" = 380.4.

3-Methyl-5-(5-methylpyridin-3-yl)-8-(((tetrahydro-2H-pyran-3-yl)methyl)amino)-
1,7-naphthyridin-2(1H)-one (3.0420)

N Following General Procedure 3B using (tetrahydro-2H-

z

X pyran-3-yl)methanamine (71 mg, 0.60 mmol), gave 3.0420

Z N

| N ”/\O (32 mg, 0.07 mmol, 32%); m.p. 247-249 °C (decomp.);

NH Vmax (solid)/cm™: 3387 (N-H), 2922, 1656 (C=0), 1592,
© 1090; 'H NMR (400 MHz, DMSO-dg) & ppm 11.44 (br.s,
1H), 8.45 (d, J =1.6, 1H), 8.38 (d, J=1.6, 1H), 7.71 (s, 1H), 7.63 (s, 1H), 7.52 (d,
J=1.2, 1H), 6.96 (t, J = 5.0, 1H), 3.90 (dd, J = 10.9, 2.3, 1H), 3.75 (dt, J = 11.1, 3.6,
1H), 3.41-3.32 (m, 3H), 2.23-3.15 (m, 1H), 2.38 (s, 3H), 2.08 (d, J = 1.0, 3H), 1.99—
1.84 (m, 2H), 1.66-1.58 (m, 1H), 1.55-1.44 (m, 1H), 1.38-1.26 (m, 1H); **C NMR
(101 MHz, DMSO-dg) 6 ppm 161.9, 148.5, 147.1, 146.4, 139.0, 137.4, 134.2, 132.8,
131.8, 120.8, 120.6, 118.0, 70.7, 67.5, 43.3, 35.2, 27.2, 24.8, 17.8, 16.7; N.B. 1C
signal not visible in spectrum; HRMS (M + H)" calculated for C,H,sN4O, 365.1985;
found 365.1972; LCMS (high pH): R; = 0.88 min (98%), MH" = 365.3.

3-Methyl-5-(5-methylpyridin-3-yl)-8-(((tetrahydro-2H-pyran-4-yl)methyl)amino)-
1,7-naphthyridin-2(1H)-one (3.042p)
N Following General Procedure 3B using (tetrahydro-2H-
N 2N pyran-4-yl)methanamine (0.09 mL, 0.60 mmol) gave
X 3.042p (81mg, 0.22 mmol, 91%) as a pale yellow solid;
/\Q m.p. 288-289 °C (decomp.); Vmax (solid)/cm™: 3356 (N-H),
2923, 1663 (C=0), 1595, 1089, 722; 'H NMR (400 MHz,
DMSO-dg) & ppm 11.47 (br.s, 1H), 8.45 (d, J=1.8, 1H), 8.37 (d, J= 1.8, 1H), 7.71
(s, 1H), 7.65-7.60 (m, 1H), 7.52 (d, J=1.5, 1H), 6.98 (t, J=5.1, 1H), 3.88 (dd,
J=11.2, 2.7, 2H), 3.40-3.34 (m, 2H), 2.38 (s, 3H), 2.08 (s, 3H), 1.97-1.84 (m, 1H),
1.75-1.66 (m, 2H), 1.34-1.20 (m, 2H). N.B. 2H hidden under water peak; **C NMR
(101 MHz, DMSO-dg) & ppm 161.9, 148.5, 147.1, 146.5, 139.0, 137.4, 132.8, 132.7,
131.9, 120.8, 120.7, 117.9, 66.8, 47.0, 34.1, 30.6, 17.8, 16.7; N.B. 1C signal not
visible in spectrum; HRMS (M + H)" calculated for C,;H»sN4O, 365.1972; found
365.1975; LCMS (formic acid): R, = 0.48 min (100%), MH" = 365.2.
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3-Methyl-5-(5-methylpyridin-3-yl)-8-(((tetrahydro-2H-pyran-2-yl)methyl)amino)-
1,7-naphthyridin-2(1H)-one (3.042Qq)

N Following General Procedure 3B using (tetrahydro-2H-

XNAON pyran-2-yl)methanamine  (0.04 mL, 0.60 mmol), gave
N /\EOJ 3.042qg (19 mg, 0.05mmol, 26%) as a Yyellow solid;

'H NMR (400 MHz, DMSO-dg) 8 ppm 11.55 (br.s, 1H), 8.45

(d, J=1.5, 1H), 8.41-8.36 (m, 1H), 7.71 (s, 1H), 7.65-7.62
(m, 1H), 7.51 (br.s, 1H), 7.17-7.11 (br.s, 1H), 3.95-3.87 (m, 1H), 3.57-3.49 (m, 2H),
3.48-3.41 (m, 1H), 3.40-3.34 (m, 1H), 2.38 (s, 3H), 2.08 (s, 3H), 1.85-1.74 (m, 1H),
1.72-1.64 (m, 1H), 1.53-1.44 (m, 3H), 1.33-1.19 (m, 1H); LCMS (high pH):
R; = 0.93 min (99%), MH" = 365.2.

3-Methyl-5-(5-methylpyridin-3-yl)-8-((2-(tetrahydro-2H-pyran-3-yl)ethyl)amino)-
1,7-naphthyridin-2(1H)-one (3.042r)
Following General Procedure 3B using 2-(tetrahydro-2H-

g . o. pyran-3-yl)ethanamine (0.09 mL, 0.60 mmol), gave
) Nw 3.042r (17 mg, 0.05 mmol, 22%) as a yellow solid; m.p.

| ne 290-291 °C (decomp.); Vmax (solid)/cm™: 3397 (N-H),

o 2950, 1659 (C=0), 1595, 1092, 719; *H NMR (400 MHz,

DMSO-ds) & ppm 11.42 (br.s, 1H), 8.44 (d, J = 1.8, 1H), 8.37 (d, J = 1.8, 1H), 7.71
(s, 1H), 7.64-7.60 (m, 1H), 7.53-7.50 (m, 1H), 6.92 (t, J = 4.6, 1H), 3.86-3.69 (m,
2H), 3.53-3.41 (m, 2H), 3.08-3.00 (m, 1H), 2.38 (s, 3H), 2.10-2.06 (m, 3H), 1.91—
1.82 (m, 1H), 1.76-1.63 (m, 1H), 1.58-1.42 (m, 4H), 1.24-1.13 (m, 1H). NB. 1H
signal hidden under water peak; **C NMR (101 MHz, DMSO-dg) 8 ppm 162.1, 148.5,
147.1, 146.2, 139.0, 137.4, 134.5, 132.8, 131.9, 120.7, 119.8, 117.9, 72.3, 67.4,
38.4, 33.2, 31.3, 29.3, 25.3, 17.8, 16.7; N.B. 1C signal not visible in spectrum;
HRMS (M + H)" calculated for C,,H»;N4O, 379.2143; found 379.2129; LCMS (high
pH): R, = 0.92 min (97%), MH" = 379.4.

3-Methyl-5-(5-methylpyridin-3-yl)-8-((2-(tetrahydro-2H-pyran-4-yl)ethyl)amino)-
1,7-naphthyridin-2(1H)-one (3.042s)

N Following General Procedure 3B using 2-(tetrahydro-2H-
N Z N w pyran-4-yl)ethanamine (79 mg, 0.60 mmol), gave 3.042s
|
Y N (16 mg, 0.04 mmol, 21%) as a yellow solid; *H NMR
NH
o}

(400 MHz, DMSO-dg) & ppm 11.41 (br.s, 1H), 8.45 (br.s,
1H), 8.38 (br.s, 1H), 7.71 (s, 1H), 7.63 (s, 1H), 7.52 (s,
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1H), 6.97-6.84 (m, 1H), 3.89-3.80 (m, 2H), 3.53-3.47 (m, 2H), 2.38 (s, 3H), 2.08 (s,
3H), 1.70-1.53 (m, 6H), 1.28-1.15 (m, 2H); N. B. 1H signal hidden under water
peak; LCMS (high pH): R, = 0.90 min (100%), MH" = 379.2.

3-Methyl-5-(5-methylpyridin-3-yl)-8-((2-(piperidin-4-yl)ethyl)amino)-1,7-
naphthyridin-2(1H)-one (3.042t)

N Following General Procedure 3B using tert-
X N /\/OH butyl4-(2-aminoethyl)piperidine-1-carboxylate (0.14 mL,

N 0.60 mmol), gave 3.042t (13 mg, 0.03 mmol, 17%) as a

pale yellow solid; m.p. 278-280 °C (decomp.); Vmax
(solid)/cm™: 3397 (N-H), 2919 (N-H), 1658 (C=0),
1594, 939, 794; *H NMR (400 MHz, DMSO-ds) & ppm 8.44 (d, J = 1.6, 1H), 8.37 (d,
J=1.6, 1H), 7.70 (s, 1H), 7.63—7.59 (m, 1H), 7.51 (d, J=1.1, 1H), 6.90 (t, J = 4.8,
1H), 3.53-3.42 (m, 2H), 2.95-2.88 (m, 2H), 2.48-2.40 (m, 2H), 2.38 (s, 3H), 2.08 (d,
J=1.1, 3H), 1.66-1.61 (m, 2H), 1.58-1.49 (m, 3H), 1.10-0.98 (m, 2H); **C NMR
(101 MHz, DMSO-dg) 6 ppm 162.1, 148.4, 147.1, 146.6, 138.9, 137.4, 134.1, 132.8,
132.7, 120.9, 120.7, 117.8, 46.1, 38.4, 36.1, 33.6, 33.1, 17.8, 16.8; HRMS (M + H)"
calculated for C,HsNsO 378.2288; found 378.2292; LCMS (formic acid):
R; = 0.34 min (100%), MH" = 378.3.

8-((((1r,4r)-4-Aminocyclohexyl)methyl)amino)-3-methyl-5-(5-methylpyridin-3-
y-1,7-naphthyridin-2(1H)-one (3.042u)

N Following General Procedure
S | 3B using ((1r,4r)-4-(aminomethyl)cyclohexyl)carbamat

Z "N
| P ﬂ/\O e (140 mg, 0.60 mmol), gave 3.042u (20 mg,
NH “NH, 0.05 mmol, 26%) as a yellow solid; *"H NMR (400 MHz,
© DMSO-ds) &ppm 8.44 (d, J=1.8, 1H), 8.37 (d,
J=1.8, 1H), 7.67 (s, 1H), 7.63-7.59 (m, 1H), 7.50 (d, J = 1.2, 1H), 6.94 (t, J=5.1,
1H), 3.37-3.24 (m, 3H), 2.38 (s, 3H), 2.07 (d, J = 1.2, 3H), 1.86-1.74 (m, 4H), 1.62—
1.50 (m, 1H), 1.07-0.95 (m, 4H); LCMS (high pH): R.=0.77 min (100%),
MH* = 378.3.
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3-Methyl-5-(5-methylpyridin-3-yl)-8-((2-(morpholin-2-yl)ethyl)amino)-1,7-
naphthyridin-2(1H)-one (3.042v)
N | " Following General Procedure 3B using tert-
X z |N /\)i"‘j butyl 2-(2aminoethyl)morpholine-4-carboxylate (141 mg,
| \NH N 0~ 0.60 mmol), gave 3.042v (10 mg, 0.03 mmol, 13%) as a
yellow solid; *H NMR (400 MHz, CD;0D) & ppm 8.46—
8.41 (m, 1H), 8.35 (d, J=1.7, 1H), 7.73-7.68 (m, 2H),
7.61 (d, J=1.2, 1H), 3.94-3.86 (m, 1H), 3.71-3.60 (m, 4H), 2.98-2.91 (m, 1H),
2.90-2.83 (m, 2H), 2.65-2.58 (m, 1H), 2.46 (s, 3H), 2.21-2.15 (m, 3H), 1.93-1.75
(m, 2H); LCMS (high pH): R; = 0.72 min (92%), MH" = 380.3.

0]

3-Methyl-5-(5-methylpyridin-3-yl)-8-((2-(pyrrolidin-3-yl)ethyl)amino)-1,7-
naphthyridin-2(1H)-one (3.042w)
N Following General Procedure 3B using tert-

|
NS Za NH  butyl 3-(2-aminoethyl)pyrrolidine-1-carboxylate (0.13 mL,
| fm R

-

0.610 mmol), gave 3.042w (9 mg, 0.03 mmol, 12%) as a

yellow solid; *H NMR (400 MHz, CD;0D) & ppm 8.43—

8.39 (m, 1H), 8.35 (d, J=2.0, 1H), 7.72-7.69 (m, 1H),
7.60 (s, 1H), 7.56-7.52 (m, 1H), 3.61-3.55 (m, 2H), 3.29-3.22 (m, 1H), 3.13-3.05
(m, 1H), 3.05-2.96 (m, 1H), 2.68-2.60 (m, 1H), 2.45 (s, 3H), 2.36—-2.26 (m, 1H),
2.19 (s, 3H), 2.16-2.07 (m, 1H), 1.89-1.79 (m, 2H), 1.61-1.50 (m, 1H); LCMS
(formic acid): R, = 0.33 min (100%), MH" = 364.2.

o}

8-((((1r,4r)-4-(Aminomethyl)cyclohexyl)methyl)amino)-3-methyl-5-(5-
methylpyridin-3-yl)-1,7-naphthyridin-2(1H)-one (3.042x)
Following General Procedure 3B using tert-butyl (((1

N
S | Z |N r, 4r)-4-(aminomethyl)cyclohexyl)methyl)carbamate
| N N/\O (149 mg, 0.60 mmol), gave 3.042x (40 mg,
H
NH N2 0 10 mmol, 50%) as a Yyellow solid; m.p. 247-
o}

249 °C; Vpax (solid)/cm™: 3409 (N-H), 2910 (N-H),
1666 (C=0), 1423, 826, 721; 'H NMR (400 MHz, DMSO-dg) & ppm 8.44 (d, J = 1.6,
1H), 8.37 (d, J = 1.6, 1H), 7.69 (s, 1H), 7.64-7.60 (m, 1H), 7.51 (d, J = 1.2, 1H), 6.96
(t, J=4.9, 1H), 3.38-2.28 (m, 2H), 2.43-2.36 (m, 5H), 2.08 (s, 3H), 1.94-1.76 (m,
4H), 1.66-1.54 (m, 1H), 1.28-1.14 (m, 1H), 1.03-0.83 (M, 4H); *C NMR (101 MHz,
DMSO-dg) & ppm 162.1, 148.4, 147.1, 146.7, 138.9, 137.4, 134.0, 132.8, 132.7,
132.0, 120.8, 120.7, 117.8, 48.0, 47.6, 40.5, 37.1, 30.4, 29.9, 17.8, 16.8; HRMS
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(M + H)" calculated for C,3H3NsO 392.2445; found 392.2450; LCMS (high pH):
R; = 0.79 min (94%), MH" = 392.4.

3-Methyl-5-(5-methylpyridin-3-yl)-8-(((tetrahydrofuran-3-yl)methyl)amino)-1,7-
naphthyridin-2(1H)-one (3.042y)

_N Following General Procedure 3B using (tetrahydrofuran-3-
S | Za yl)methanamine (0.06 mL, 0.60 mmol), gave 3.042y
I
| N m/\CO (17 mg, 0.05 mmol, 24%) as a yellow solid; m.p. 265—
NH
o}

268 °C (decomp.); Vmax (solid)/cm™: 3378 (N-H), 2865,

1659 (C=0), 1596, 1435, 722; *H NMR (400 MHz, DMSO-
de) & ppm 11.42 (br.s, 1H), 8.45 (d, J = 1.6, 1H), 8.37 (d, J = 1.6, 1H), 7.71 (s, 1H),
7.65-7.60 (m, 1H), 7.52 (d, J=1.0, 1H), 7.05 (t, J = 4.9, 1H), 3.83-3.74 (m, 2H),
3.70-3.62 (m, 1H), 3.54-3.42 (m, 3H), 2.64-2.55 (m, 1H), 2.38 (s, 3H), 2.08 (d,
J =1.0, 3H), 2.06-1.99 (m, 1H), 1.70-1.58 (m, 1H); **C NMR (101 MHz, DMSO-ds)
0 ppm 161.9, 148.5, 147.1, 146.4, 139.0, 137.4, 134.3, 132.8, 131.8, 120.8,
120.7,118.2, 70.8, 66.8, 44.0, 38.2, 29.9, 17.8, 16.7; N.B. 1C signal not visible in
spectrum; HRMS (M + H)" calculated for C,,H»3N4O, 351.1818; found 351.1816;
LCMS (high pH): R, = 0.79 min (96%), MH" = 351.3.

3-Methyl-5-(5-methylpyridin-3-yl)-8-((2-(tetrahydrofuran-3-yl)ethyl)amino)-1,7-
naphthyridin-2(1H)-one (3.0422)
Following  General Procedure 3B using 2-

N

|

X N O (tetrahydrofuran-3-yl)ethanamine (0.07 mL, 0.60 mmol),
N/\/E)

)

| H

gave 3.042z (26 mg, 0.07 mmol, 35%) as a pale yellow
solid; m.p. 284—287 °C (decomp.); Vmax (solid)/cm™: 3395
(N-H), 2922, 1659 (C=0), 1595, 1455, 1065, 720;
'H NMR (400 MHz, DMSO-ds) & ppm 11.40 (br.s, 1H), 8.45 (d, J = 1.8, 1H), 8.38 (d,
J=1.8, 1H), 7.72 (s, 3H), 7.64—-7.62 (m, 1H), 7.52 (d, J= 1.2, 1H), 6.98 (t, J = 4.5,
1H), 3.87-3.81 (m, 1H), 3.78-3.71 (m, 1H), 3.68-3.60 (m, 1H), 3.52—3.45 (m, 2H),
2.38 (s, 3H), 2.34-2.25 (m, 1H), 2.10-2.00 (m, 5H), 1.74-1.66 (m, 2H), 1.57—-1.46
(m, 1H); *C NMR (101 MHz, DMSO-ds) & ppm 161.9, 148.5, 147.0, 146.5, 139.1,
137.4, 134.1, 132.8, 132.7, 131.9, 120.8, 120.1, 118.0, 72.4, 66.9, 36.5, 32.3, 31.8,
17.8, 16.7; N.B. 1C signal hidden under solvent peak; HRMS (M + H)" calculated for
C21H2sN4O, 365.1972; found 365.1969; LCMS (high pH): R;=0.84 min (100%),
MH" = 365.2.

o
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2-(Benzyloxy)-3-methyl-N-(2-(tetrahydrofuran-3-yl)ethyl)-1,7-naphthyridin-8-
amine (3.044)

N o 2-(tetrahydrofuran-3-yl)ethanamine (1.5 mL, 12.33 mmol)
N N/\L) was added to a mixture of 3.012 (2.70g, 9.48 mmol),
A Pdy(dba); (0.70g, 0.76 mmol), Brettphos (0.51g,
o8n 0.95mmol), and NaO'Bu (3.65g, 37.90mmol) in THF
(30 mL). The reaction mixture was heated at 70 °C for 18 h. The reaction mixture

was allowed to cool to rt and concentrated in vacuo. The resulting residue was
dissolved in DCM (50 mL) and washed with H,O (40 mL). The aqueous layer was
extracted with DCM (3 x 30mL) and the combined organic layers were
concentrated in vacuo. The resulting residue was purified by silica gel
chromatography (0—100% EtOAc in cyclohexane). The appropriate fractions were
combined and solvent evaporated in vacuo to give 3.044 (3.20 g, 8.80 mmol, 93%)
as an orange oil; *"H NMR (400 MHz, CDCl;) & ppm 7.90 (d, J = 5.8, 1H), 7.65 (d,
J=1.0, 1H), 7.52-7.48 (m, 2H), 7.43-7.38 (m, 2H), 7.37-7.31 (m, 1H), 6.72 (d,
J=5.8, 1H), 6.27 (t, J=5.4, 1H), 5.51 (s, 2H), 4.01-3.96 (m, 1H), 3.92-3.85 (m,
1H), 3.81-3.73 (m, 1H), 3.70-3.58 (m, 2H), 3.47-3.42 (m, 1H), 2.38 (d, J = 1.0, 3H),
2.37-2.30 (m, 1H), 2.19-2.07 (m, 1H), 1.88-1.80 (m, 2H), 1.69-1.57 (m, 1H); LCMS
(formic acid): R, = 0.78 min (100%), MH" = 364.2.

2-(Benzyloxy)-5-bromo-3-methyl-N-(2-(tetrahydrofuran-3-yl)ethyl)-1,7-
naphthyridin-8-amine (3.045)
NBS (1.57 g, 8.80 mmol) was added to a mixture of 3.044

Z>N 9]
| N N/\/[) (3.20 g, 8.80 mmol) in THF (40 mL). The reaction mixture
H
N

Br.

was left to stir at rt for 0.5h. The reaction mixture was

©8n concentrated in vacuo. The resulting solid was dissolved in
DCM (50 mL) and washed with H,O (40 mL). The aqueous layer was extracted with
DCM (3 x 30 mL) and the combined organic layers were concentrated in vacuo. The
resulting residue was purified by silica gel chromatography (0-70% EtOAc in
cyclohexane). The appropriate fractions were combined and solvent evaporated in
vacuo to give 3.045 (3.55 g, 8.00 mmol, 91%) as an orange solid; m.p. 80-82 °C;
Vmax (sOlid)/em™: 1531, 1418, 1250, 730, 694; *H NMR (400 MHz, CDCl;) & ppm
8.03 (s, 1H), 7.96 (d, J = 1.0, 1H), 7.51-7.47 (m, 2H), 7.43-7.38 (m, 2H), 7.37-7.32
(m, 1H), 6.28 (t, J = 5.5, 1H), 5.51 (s, 2H), 4.00-3.94 (m, 1H), 3.92-3.85 (m, 1H),
3.81-3.73 (m, 1H), 3.64-3.55 (m, 2H), 3.47-3.41 (m, 1H), 2.43 (d, J = 1.0, 3H),
2.38-2.27 (m, 1H), 2.18-2.05 (m, 1H), 1.86-1.78 (m, 2H), 1.65-1.56 (m, 1H); **C
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NMR (101 MHz, DMSO-d¢) 160.4, 154.1, 141.4, 137.1, 135.9, 130.2, 128.6, 128.0,
127.7, 127.4, 127.1, 103.0, 73.4, 68.3, 67.9, 40.2, 37.3, 33.4, 32.5, 16.6; HRMS
(M + H)" calculated for CyH3sBrN;O, 442.1125; found 442.1122; LCMS (formic
acid): R, = 1.26 min (100%), MH" = 442.1, 444.1.

5-Bromo-3-methyl-8-((2-(tetrahydrofuran-3-yl)ethyl)amino)-1,7-naphthyridin-

2(1H)-one (3.046)

Br A mixture of 3.045 (3.50g, 7.91mmol) in TFA (8 mL,
Z o}

NN 104.00 mmol) was stirred at 70 °C for 8 h. The reaction

| H
NH mixture was allowed to cool to rt and concentrated in vacuo.

© The resulting residue was dissolved in MeOH (20 mL) and
passed through a preconditioned (MeOH, 30 mL) amino propyl (20 g) column. The
filtrate was concetrated in vacuo. The resulting residue was suspended in EtOAc
(30 mL), filtered under reduced pressure, washed with EtOAc (30 mL) and collected
to give 3.046 (2.10 g, 5.96 mmol, 75%) as a yellow solid; m.p. 80-82 °C; Vmax
(solid)/cm™: 1530, 1417, 1250, 730; *H NMR (400 MHz, DMSO-dg) & ppm 11.49
(br.s, 1H), 7.91 (s, 1H), 7.80 (s, 1H), 3.85-3.78 (m, 2H), 3.76-3.69 (m, 1H), 3.66—
3.59 (m, 1H), 3.29-3.23 (m, 1H), 2.29-2.20 (m, 2H), 2.18 (s, 3H), 2.06-1.98 (m,
1H), 1.71-1.63 (m, 2H), 1.55-1.43 (m, 1H); *C NMR (101 MHz, DMSO-ds) 5 ppm
161.9, 148.5, 147.0, 139.0, 137.4, 135.4, 134.3, 132.8, 132.7, 131.8, 121.0, 120.8,
117.9, 72.4, 66.9, 36.5, 32.3, 31.8, 17.8, 16.7; N.B. 1C signal hidden under solvent
peak; HRMS (M + H)" calculated for C,;H,sN,O, 365.1972; found 365.1969; LCMS

(formic acid): R; = 0.92 min (100%), MH" = 352.1, 354.1.

General Procedure 4A: Synthesis of 5-position array compounds

boronic acid,PdCl,(dppf), R
Z N Q K,COs, IPA/H,0, Z N 0
) " uwave, 120 °C, 0.5 h < "

l NH H | NH

Br.

o} o}

3.046 (42 mg, 0.12mmol) was added to the appropriate boronic acid/ester
(0.24 mmol, 2 eq.) followed by IPA (1 mL). A solution of K,CO3 (50 mg, 0.36 mmol,
3 eq.) in H,O was added, followed by PdCl,(dppf) (9 mg, 0.012 mmol, 0.1 eq.). The
reaction was sealed and heated in Anton Parr at 120 °C for 0.5 h. The reaction
mixture was allowed to cool to rt, diluted with MeCN (3 mL) and loaded onto a pre-
conditioned (MeCN, 5 mL) C18 SPE column (1 g). The column was washed with

MeOH (3 mL). The solvent was evaporated under a stream of nitrogen at 40 °C and
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the resulting residue was purified by MDAP (high pH). The appropriate fractions
were combined and solvent evaporated under a stream of nitrogen at 40 °C to give

the desired product.

5-(5-(Dimethylamino)pyridin-3-yl)-3-methyl-8-((2-(tetrahydrofuran-3-
yl)ethyl)amino)-1,7-naphthyridin-2(1H)-one (3.043a)

_N Following General Procedure 4A using (5-

|
S~ . : - . :
Me,N N O (dimethylamino)pyridin-3-yl)boronic  acid (40 mg,
|
N/\/[)

I \NH N 0.24 mmol), gave 3.043a (3 mg, 8.13 umol, 6%) as a

yellow solid; "H NMR (400 MHz, DMSO-ds) & ppm

8.14 (d, J=2.8, 1H), 7.86 (d, J=1.5, 1H), 7.71 (s,

1H), 7.55 (d, J = 1.5, 1H), 7.07-7.00 (m, 2H), 3.87-3.81 (m, 1H), 3.77-3.70 (m, 1H),

3.68-3.60 (m, 1H), 3.52-3.45 (m, 2H), 2.98 (s, 6H), 2.34-2.21 (m, 1H), 2.08 (d,

J=1.2, 3H), 2.07-2.00 (m, 1H), 1.75-1.65 (m, 2H), 1.56-1.47 (m, 1H); N.B. 1H

signal hidden under water peak. LCMS (formic acid): R;=0.44 min (98%),
MH" = 394.0.

o

3-Methyl-5-(pyridin-3-yl)-8-((2-(tetrahydrofuran-3-yl)ethyl)amino)-1,7-
naphthyridin-2(1H)-one (3.043b)

N | Following General Procedure 4A using pyridin-3-ylboronic
N Z |N /v[; acid (30 mg, 0.24 mmol), gave 3.043b (11 mg, 0.03 mmol,
| N N 22%) as a yellow solid; '"H NMR (400 MHz, DMSO-ds)

NH

0 ppm 11.41 (br.s, 1H), 8.63-8.57 (m, 2H), 7.84-7.79 (m,

1H), 7.74 (s, 1H), 7.54-7.48 (m, 2H), 7.01 (t, J = 4.8, 1H),
3.87-3.82 (m, 1H), 3.77-3.70 (m, 1H), 3.67-3.60 (m, 1H), 3.53-3.45 (m, 2H), 2.33—
2.23 (m, 1H), 2.12-2.01 (m, 5H), 1.75-1.65 (m, 2H), 1.58-1.46 (m, 1H); N.B. 1H
signal hidden under water peak. LCMS (formic acid): R;=0.46 min (93%),
MH" = 351.0.

O

3-Methyl-5-(2-methylpyridin-3-yl)-8-((2-(tetrahydrofuran-3-yl)ethyl)amino)-1,7-
naphthyridin-2(1H)-one (3.043c)
N Following General Procedure 4A using (2-methylpyridin-3-
N | Z |N /\/E(> yhboronic acid (33 mg, 0.24 mmol), gave 3.043c (12 mg,
| \NH ” 0.03 mmol, 24%) as a yellow solid,; 'H NMR (400 MHz,
DMSO-d¢) & ppm 8.52 (dd, J=4.9, 1.6, 1H), 7.62 (s, 1H),
7.56 (dd, J=7.6, 1.8, 1H), 7.34-7.29 (m, 1H), 7.07 (d,

J=1.3, 1H), 6.99 (t, J = 4.8, 1H), 3.87-3.82 (m, 1H), 3.78-3.71 (m, 1H), 3.68-3.60

(0]
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(m, 1H), 3.56-3.42 (m, 2H), 3.33-3.26 (m, 1H), 2.35-2.26 (m, 1H), 2.22 (s, 3H),
2.10-2.00 (m, 4H), 1.76-1.66 (m, 2H), 1.51-1.46 (m, 1H); LCMS (formic acid):
R, = 0.42 min (100%), MH* = 365.2.

5-(3-Methyl-2-0x0-8-((2-(tetrahydrofuran-3-yl)ethyl)amino)-1,2-dihydro-1,7-
naphthyridin-5-yl)nicotinamide (3.043d)

N Following General Procedure 4A using 2-methyl-3-
~ | (4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)pyridine

o) N[) (53mg, 0.24mmol), gave 3.043d (11 mg,

0.03 mmol, 21%) as a yellow solid; '‘H NMR

o (400 MHz, DMSO-ds) & ppm 11.46 (br.s, 1H), 9.04

(d, J=2.0, 1H), 8.71 (d, J = 2.0, 1H), 8.24-8.17 (m, 2H), 7.76 (s, 1H), 7.62 (br.s,

1H), 7.52 (d, J=1.1, 1H), 7.05 (t, J=4.9, 1H), 3.88-3.81 (m, 1H), 3.77-3.70 (m,

1H), 3.68-3.60 (m, 1H), 3.55-3.45 (m, 2H), 2.33—2.23 (m, 1H), 2.09 (d, J = 1.1, 3H),

2.06-2.00 (m, 1H), 1.74-1.67 (m, 2H), 1.59-1.46 (m, 1H); N.B. 1H signal hidden
under water peak; LCMS (formic acid): R, = 0.45 min (100%), MH" = 394.0.

H,N

5-(4-Methoxypyridin-3-yl)-3-methyl-8-((2-(tetrahydrofuran-3-yl)ethyl)amino)-1,7-
naphthyridin-2(1H)-one (3.043¢e)

Following General Procedure 4A using (4-methoxypyridin-
3-yl)boronic acid (37 mg, 0.24 mmol), gave 3.043e (6 mg,
0.02 mmol, 12%) as a yellow solid; 'H NMR (400 MHz,
DMSO-dg) & ppm 8.52 (d, J = 5.7, 1H) 8.26 (s, 1H) 7.62 (s,
1H) 7.18 (d, J=5.7, 1H) 7.14 (d, J=1.3, 1H) 7.01 (t,
J=4.9, 1H) 3.87-3.82 (m, 1H), 3.78 (s, 3H), 3.71-3.75 (m, 1H) 3.67-3.60 (m, 1H)
3.40-3.51 (m, 2H) 3.32-3.26 (m, 1H) 2.33-2.24 (m, 1H) 2.00-2.11 (m, 4H) 1.75—
1.66 (m, 2H) 1.59-1.46 (m, 1H); LCMS (formic acid): R;=0.38 min (100%),
MH" = 381.0.

5-(6-Methoxy-4-methylpyridin-3-yl)-3-methyl-8-((2-(tetrahydrofuran-3-
yl)ethyl)amino)-1,7-naphthyridin-2(1H)-one (3.043f)

MeO_ N | Following General Procedure 4A using (6-methoxy-4-
N ZaN o methylpyridin-3-yl)boronic acid (40 mg, 0.24 mmol),

X ! /\/E)
N gave 3.043f (11 mg, 0.03 mmol, 20%) as a yellow

solid; '"H NMR (400 MHz, DMSO-ds) & ppm 7.91 (s,
1H) 7.59 (s, 1H) 7.10 (s, 1H) 6.96-6.92 (m, 1H) 6.82
(s, 1H) 3.88 (s, 3H) 3.82-3.86 (m, 1H) 3.77-3.71 (m, 1H) 3.66-3.61 (m, 1H) 3.45—
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3.47 (m, 1H) 2.32-2.26 (m, 1H) 2.08-2.02 (m, 4H) 1.99 (s, 3H) 1.70-1.74 (m, 2H),
1.55—-(m, 1H); N.B. 1H signal hidden under water peak; LCMS (formic acid):
R = 0.65 min (99%), MH" = 395.0.

5-(2,5-Dimethoxyphenyl)-3-methyl-8-((2-(tetrahydrofuran-3-yl)ethyl)amino)-1,7-
naphthyridin-2(1H)-one (3.0439)

OMe Following  General Procedure 4A using (2,5-

dimethoxyphenyl)boronic acid (44 mg, 0.24 mmol), gave

~ |N /\/[O) 3.043g (8 mg, 0.02 mmol, 14%) as a yellow solid; *H NMR

OMe X
| N (400 MHz, DMSO-ds) & ppm 11.33 (br.s., 1H) 7.60 (s, 1H)

NH

S 7.15 (s, 1H) 7.05 (d, J = 9.0, 1H) 6.97 (dd, J = 9.0, 3.2 1H)
6.88 (t, J=4.7, 1H) 6.77 (d, J=3.2, 1H) 3.87-3.81 (m, 1H) 3.71-3.76 (m, 4 H)
3.60-3.66 (m, 4 H) 3.43-3.49 (m, 2H) 2.25-2.32 (m, 1H) 2.00-2.07 (m, 4H) 1.65—
1.74 (m, 2H) 1.55-1.48 (m, 1H); N.B. 1H signal hidden under water peak; LCMS

(formic acid): R, = 0.69 min (100%), MH" = 410.0.

3-Methyl-5-(3-(methylthio)phenyl)-8-((2-(tetrahydrofuran-3-yl)ethyl)amino)-1,7-
naphthyridin-2(1H)-one (3.043h)

SMe Following General Procedure  4A  using (3-
(methylthio)phenyl)boronic acid (40 mg, 0.24 mmol), gave

ZN S 3.043h (17 mg, 0.04 mmol, 33%) as a yellow solid; *H NMR

| \NH N (400 MHz, DMSO-ds) & ppm 11.38 (br.s, 1H), 7.70 (s, 1H),

5 7.53 (s, 1H), 7.43-7.38 (m, 1H), 7.28 (d, J = 7.7, 1H), 7.21—-

7.19 (m, 1H), 7.12 (d, J=7.7, 1H), 6.93 (t, J = 4.3, 1H), 3.85-3.81 (m, 1H), 3.75—
3.70 (m, 1H), 3.66-3.60 (m, 1H), 3.50-3.44 (m, 2H), 2.31-2.24 (m, 1H), 2.07-2.00
(m, 4H), 1.73-1.67 (m, 2H), 1.53-1.47 (m, 1H); N.B. CH; and 1H signals hidden
under DMSO and water peaks respectively; LCMS (formic acid): R;=0.82 min
(99%), MH" = 396.0.

5-(5-Fluoro-2-methylphenyl)-3-methyl-8-((2-(tetrahydrofuran-3-yl)ethyl)amino)-
1,7-naphthyridin-2(1H)-one (3.043i)

E Following General Procedure 4A using (5-fluoro-2-

methylphenyl)boronic acid (37 mg, 0.24 mmol), gave 3.043i

~ N /\/[:) (15 mg, 0.04 mmol, 29%) as a yellow solid; m.p. 120-

I NH 121 °C (decomp.); Vmax (solid)/cm™: 3394 (N-H), 2921, 1659

o (C=0), 1594, 1447, 703; 'H NMR (600 MHz, DMSO-dg)

0 ppm 11.42 (br.s, 1H) 7.59 (s, 1H) 7.33-7.41 (m, 1H) 7.17 (td, J = 8.53, 2.38, 1H)

Iz
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7.06 (s, 1H) 7.01 (dd, J = 9.26, 2.11, 1H) 6.93 (t, J = 4.00, 1H) 3.84 (t, J = 7.34, 1H)
3.71-3.78 (m, 1H) 3.68-3.61 (m, 1H) 3.39-3.55 (m, 2H) 3.27-3.31 (m, 1H) 2.34—
2.25 (m, 1H) 2.03-2.06 (m, 1H) 2.01-2.05 (m, 3H) 1.98 (s, 3H) 1.63-1.77 (m, 2H)
1.47-1.57 (m, 1H); “*C NMR (151 MHz, DMSO-dg,): & ppm 161.9, 160.2 (d,
Jer=242.4), 146.1, 138.4, 138.0 (d, Jcr=7.7), 134.3, 133.0, 131.5 (d, Jcr = 8.3),
121.1, 120.2, 119.7, 117.3 (d, Jcr=20.7), 114.4 (d, Jcr= 20.5), 72.3, 66.9, 40.2,
36.5, 32.3, 31.8, 19.0, 16.6; HRMS (M + H)" calculated for Cy,H»sFN;O, 382.1925;
found 382.1927; LCMS (formic acid): R, = 0.78 min (99%), MH" = 382.0.

5-(2,4-Dimethylthiazol-5-yl)-3-methyl-8-((2-(tetrahydrofuran-3-yl)ethyl)amino)-
1,7-naphthyridin-2(1H)-one (3.043))
N Following General Procedure 4A using
’«s \ Za o 2,4-dimethyl-5-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-
| \NH ”’\/E) yDthiazole (57 mg, 0.24 mmol), gave 3.043j (12 mg,
0.03 mmol, 23%) as a yellow solid; *"H NMR (600 MHz,
DMSO-dg) & ppm 114.46 (br.s, 1H), 7.71 (s, 1H) 7.37 (s,
1H) 7.07 (t, J=4.7, 1H) 3.85-3.81 (m, 1H) 3.75-3.70 (m, 1H) 3.66-3.59 (m 1H)
3.42-3.49 (m, 2H) 2.65 (s, 3H) 2.31-2.23 (m 1H) 2.10 (s, 3H) 2.08 (s, 3H) 2.00-2.05
(m, 1H) 1.65-1.72 (m, 2H) 1.54-1.46 (m, 1H); N.B. 1H signal hidden under water
peak; LCMS (formic acid): R; = 0.65 min (98%), MH" = 385.0.

O

5-(5-(Hydroxymethyhthiophen-3-yl)-3-methyl-8-((2-(tetrahydrofuran-3-
yhethyl)amino)-1,7-naphthyridin-2(1H)-one (3.043Kk)

Following General Procedure 4A using (4-

HO S
g N o (4,45,5-tetramethyl-1,3,2-dioxaborolan-2-yl)thiophen-
| N N/\/[) 2-yl)methanol (58 mg, 0.24 mmol), gave 3.043k
H
NH (17 mg, 0.04 mmol, 33%) as a yellow solid; *H NMR
o}

(600 MHz, DMSO-ds) & ppm 11.35 (br.s, 1H), 7.74 (s,
1H), 7.70 (s, 1H), 7.39 (d, J = 1.0, 1H), 7.05 (s, 1H), 6.90 (t, J = 4.7, 1H), 5.50 (br.s,
1H), 4.68 (s, 2H), 3.85-3.81 (m, 1H), 3.76-3.71 (m, 1H), 3.65-3.61 (m, 1H), 3.49—
3.41 (m, 1H), 2.32-2.22 (m, 1H), 2.11-2.08 (d, J=1.0, 3H), 2.07-1.99 (m, 1H),
1.73-1.65 (m, 2H), 1.53-1.45 (m, 1H); N.B. 1H signal hidden under water peak;
LCMS (formic acid): R; = 0.57 min (95%), MH" = 385.9.
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4-(3-Methyl-2-ox0-8-((2-(tetrahydrofuran-3-yl)ethyl)amino)-1,2-dihydro-1,7-
naphthyridin-5-ythiophene-3-carbonitrile (3.043I)

S \ Following General Procedure 4A using 4-
N\
o /IN Q (4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)thiophene-3-
N
| " N carbonitrile (56 mg, 0.24 mmol), gave 3.043l (7 mg,

0.02 mmol, 13%) as a yellow solid; '"H NMR (600 MHz,
DMSO-dg) 6 ppm 11.44 (br.s, 1H), 8.72 (d, J = 3.0, 1H), 7.78 (d, J = 3.0, 1H), 7.74
(s, 1H), 7.43 (s, 1H), 7.08 (t, J =4.5, 1H), 3.86-3.81 (m, 1H), 3.77-3.72 (m, 1H),
3.66-3.60 (m, 1H), 3.51-3.45 (m, 2H), 2.31-2.25 (m, 1H), 2.09 (s, 3H), 2.07-2.01
(m, 1H), 1.74-1.66 (m, 2H), 1.55-1.48 (m, 1H); N.B. 1H signal hidden under water
peak; LCMS (formic acid): R; = 0.67 min (99%), MH" = 380.9.

5-(5-(Hydroxymethyl)pyridin-3-yl)-3-methyl-8-((2-(tetrahydrofuran-3-
yDethyl)amino)-1,7-naphthyridin-2(1H)-one (3.043m)

N A mixture of 3.046 (150mg, 0.43 mmol), (5-
|

z
HO X

N o (hydroxymethyl)pyridin-3-yl)boronic acid (130 mg,
| N H/\/Q 0.85 mmol), Pd(OAc), (10mg, 0.04 mmol),
NH Catacxium A (15mg, 0.04 mmol) and K,COj3
(118 mg, 0.85 mmol) in 1,4-dioxane (1 mL) and H,O

(0.5 mL) was heated at 100 °C in a microwave reactor for 2 h. The reaction mixture

O

was allowed to cool to rt and Pd(OAc), (10 mg, 0.04 mmol) and Catacxium A
(15 mg, 0.04 mmol) were added. The mixture was heated for a further 1 h 100 °C in
the microwave. The reaction mixture was allowed to cool to rt and (5-
(hydroxymethyl)pyridin-3-yl)boronic acid (130 mg, 0.85 mmol) was added and the
mixture was heated at 100 °C for 1 h in the microwave. The reaction mixture was
allowed to cool to rt, diluted with EtOAc (5 mL) and DCM (5 mL), filtered through
Celite® and concentrated in vacuo. The resulting residue was purified by silica gel
chromatography (0-100% EtOH in EtOAc). The appropriate fractions were
combined and solvent evaporated in vacuo to give 3.043m (57 mg, 0.15 mmol,
35%) as a yellow solid. 3.043m (17 mg, 0.04 mmol) was taken forward for further
purification by MDAP (high pH). The fractions were combined and solvent
evaporated in vacuo to give 3.043m (3 mg, 6.60 umol, 15%) as a yellow solid;
'H NMR (400 MHz, CD;0D) & ppm 8.58 (d, J = 2.1, 1H), 8.48 (d, J = 2.1, 1H), 7.88—
7.86 (m, 1H), 7.76 (s, 1H), 7.64 (d, J = 1.1, 1H), 4.76 (s, 2H), 3.99-3.93 (m, 1H),
3.91-3.84 (m, 1H), 3.80-3.73 (m, 1H), 3.63-3.56 (m, 2H), 3.46-3.40 (m, 1H), 2.42—
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2.35 (m, 1H), 2.18 (d, J = 1.1, 3H), 2.16-2.11 (m, 1H), 1.88-1.77 (m, 2H), 1.68-1.59
(m, 1H); LCMS (formic acid): R, = 0.42 min (97%), MH" = 381.2.

General Procedure 4B: Synthesis of 5-position array compounds
boronic acid, Pd(OAc),, R

Z "N O CatacaxiumA, K,COs3, Z "N Q
A I uwave, 100 °C, 1 h ™ | N

>

Iz

A mixture of 3.046 (50 mg, 0.14 mmol), appropriate boronic acid/ester (0.28 mmol,
2 eq.), Pd(OAc), (3 mg, 0.01 mmol, 0.07 eq.), Catacxium A (5 mg, 0.01 mmol,
0.07 eqg.) and K,CO3 (39 mg, 0.28 mmol) in 1,4-Dioxane (1 mL) and H,O (0.5 mL)
was heated at 100 °C in a microwave reactor for 1 h. The reaction mixture was
allowed to cool to rt, diluted with EtOAc (20 mL), filtered through Celite® and
concentrated in vacuo. The resulting residue was purified by MDAP (high pH). The
approriate fractions were combined and solvent evaporated in vacuo to give the

desired product.

3-Methyl-5-(4-methylpyridin-3-yl)-8-((2-(tetrahydrofuran-3-yl)ethyl)amino)-1,7-
naphthyridin-2(1H)-one (3.043n)

N Following General Procedure 4B using (4-methylpyridin-3-
: | A~ o yhboronic acid (39 mg, 0.28 mmol) and heating for 4 h. The
~ N reaction mixture was allowed to cool to rt and Pd(OAc),
L~ (3 mg, 0.01 mmol), Catacxium A (5 mg, 0.01 mmol) and

o K>CO3; (39 mg, 0.28 mmol) were added and the reaction

mixture was heated at 100 °C in a microwave reactor for 1 h. The reaction mixture
was allowed to cool to rt and purified as described in General Procedure 4B, to give
3.043n (3 mg, 3.90 pumol, 5%) as a yellow solid; *H NMR (400 MHz, CD;0D) & ppm
8.47 (d, J=5.3, 1H), 8.32 (s, 1H), 7.65 (s, 1H), 7.44 (d, J=5.3, 1H), 7.18 (d,
J=1.1, 1H), 4.00-3.94 (m, 1H), 3.92-3.85 (m, 1H), 3.81-3.73 (m, 1H), 3.65-3.54
(m, 2H), 3.47-3.40 (m, 1H), 2.46-2.34 (m, 1H), 2.24-2.17 (m, 1H), 2.15 (s, 3H),
2.14 (d, J=1.1, 3H), 1.89-1.81 (m, 2H), 1.70-1.62 (m, 1H); LCMS (formic acid):
R; = 0.43 min (100%), MH" = 365.2.
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5-(3-Methyl-2-0x0-8-((2-(tetrahydrofuran-3-yl)ethyl)amino)-1,2-dihydro-1,7-
naphthyridin-5-yl)nicotinonitrile (3.0430)

N Following General Procedure 4B using (5-cyanopyridin-
NET A N o 3-yDboronic acid (42 mg, 0.28 mmol), gave 3.0430

N’\/[) (12 mg, 0.03 mmol, 23%) as a yellow solid; '"H NMR

(400 MHz, DMSO-ds) 6 ppm 11.43 (br.s, 1H), 9.04 (d,
J=2.1, 1H), 8.87 (d, J=2.1, 1H), 8.40-8.35 (m, 1H),
7.78 (s, 1H), 7.58 (d, J=1.1, 1H), 7.10 (t, J=4.9, 1H), 3.87-3.83 (m, 1H), 3.77—
3.70 (m, 1H), 3.68-3.60 (m, 1H), 3.53-3.45 (m, 2H), 2.32—-2.24 (m, 1H), 2.10 (d,
J=1.1, 3H), 2.06-2.00 (m, 1H), 1.73-1.66 (m, 2H), 1.56-1.45 (m, 1H); N.B. 1H
signal hidden under water peak; LCMS (formic acid): R;=0.61 min (100%),
MH" = 376.3.

5-(5-Methoxypyridin-3-yl)-3-methyl-8-((2-(tetrahydrofuran-3-yl)ethyl)amino)-1,7-
naphthyridin-2(1H)-one (3.043p)

/NI Following General Procedure 4B using 3-methoxy-5-
MeO” X Z N /\/EC} (4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)pyridine
NN (67 mg, 0.28 mmol), gave 3.043p (4 mg, 10.51 pmol,

| H

7%) as a yellow solid; *"H NMR (400 MHz, DMSO-d)

o ppm 8.33 (d, J=1.7, 1H), 8.18 (d, J = 1.7, 1H), 7.76
(s, 1H), 7.57 (d, J=1.2, 1H), 7.39 (dd, J =2.7, 1.7, 1H), 7.02 (t, J = 4.9, 1H), 3.89
(s, 3H), 3.87-3.82 (m, 1H), 3.77-3.71 (m, 1H), 3.68-3.60 (m, 1H), 3.54-3.44 (m,
2H), 2.35-2.24 (m, 1H), 2.09 (d, J = 1.2, 3H), 2.07-2.00 (m, 1H), 1.75-1.66 (m, 2H),
1.56-1.44 (m, 1H); N.B. 1H signal hidden under water peak; LCMS (formic acid):
R; = 0.56 min (100%), MH" = 381.3.

O

3-Methyl-5-(6-methylpyridin-3-yl)-8-((2-(tetrahydrofuran-3-yl)ethyl)amino)-1,7-
naphthyridin-2(1H)-one (3.043q)
N Following General Procedure 4B using (6-methylpyridin-
| : : /\/@ 3-ylboronic acid (39 mg, 0.28 mmol), gé\{el 3.043q
| T N (14 mg, 0.04 mmol, 27%) as a yellow solid; "H NMR
(400 MHz, DMSO-d¢) & ppm 8.44 (d, J = 2.0, 1H), 7.72—
7.68 (m, 2H), 7.52 (d, J = 1.1, 1H), 7.36 (d, J = 8.1, 1H),
7.00 (t, J=4.8, 1H), 3.88-3.81 (m, 1H), 3.77-3.70 (m, 1H), 3.67-3.60 (m, 1H),
3.52-3.43 (m, 2H), 2.54 (s, 3H), 2.33-2.24 (m, 1H), 2.08 (d, J = 1.1, 3H), 2.06-1.99

’d

X

O
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(m, 1H), 1.76-1.64 (m, 2H), 1.57-1.46 (m, 1H); N.B. 1H signal hidden under water
peak; LCMS (formic acid): R, = 0.45 min (100%), MH" = 365.3.

5-(3-Fluoro-5-methylphenyl)-3-methyl-8-((2-(tetrahydrofuran-3-yl)ethyl)amino)-
1,7-naphthyridin-2(1H)-one (3.043r)

Following General Procedure 4B using (3-fluoro-5-

F
methylphenyl)boronic acid (44 mg, 0.28 mmol), gave
NN o 3.043r (2 mg, 3.93 pmol, 3%) as a yellow solid; *"H NMR
| N N/\/E) (400 MHz, CD3sOD) & ppm 7.72 (s, 1H), 7.67 (s, 1H),
H
NH
o}

7.03-3.97 (m, 2H), 6.94-6.89 (m, 1H), 4.00-3.93 (m,

1H), 3.92-3.85 (m, 1H), 3.80-3.72 (m, 1H), 3.62-3.54
(m, 2H), 3.46-3.41 (m, 1H), 2.43 (s, 3H), 2.41-2.34 (m, 1H), 2.21-2.11 (m, 4H),
1.87-1.79 (m, 2H), 1.70-1.59 (m, 1H), LCMS (formic acid): R, = 0.83 min (100%),
MH"* = 382.2.

5-(3-methoxy-5-methylphenyl)-3-methyl-8-((2-(tetrahydrofuran-3-
yhethyl)amino)-1,7-naphthyridin-2(1H)-one (3.043s)

OMe Following General Procedure 4B using 2-(3-methoxy-5-
methylphenyl)-4,4,5,5-tetramethyl-1,3,2-dioxaborolane

Z |N ° (88 mg, 0.28 mmol), gave 3.043s (5 mg, 0.01 mmol, 9%)

| \NH N as a yellow solid; '"H NMR (400 MHz, DMSO-dg) & ppm

I 11.34 (br.s, 1H), 7.70 (s, 1H), 7.58 (s, 1H), 6.91-6.86 (m,

1H), 6.81-6.78 (m, 1H), 6.75-6.74 (m, 1H), 6.71-6.68 (m, 1H), 3.88-3.82 (m, 1H),
3.77 (s, 3H), 3.76-3.71 (m, 1H), 3.67-3.61 (m, 1H), 3.52-3.43 (m, 2H), 2.35 (s, 3H),
2.33-2.24 (m, 1H), 2.08 (s, 3H), 2.06-2.00 (m, 1H), 1.75-1.67 (m, 2H), 1.57-1.48
(m, 1H); N.B. 1H signal hidden under water peak; LCMS (high pH): R;= 1.12 min
(96%), MH" = 394.4.

3-Methyl-5-(3-methyl-2-0x0-8-((2-(tetrahydrofuran-3-yl)ethyl)amino)-1,2-
dihydro-1,7-naphthyridin-5-yl)benzonitrile (3.043t)

CN A mixture of 3.046 (60 mg, 0.17 mmol), 3-methyl-5-
(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)benzonitrile
i IN /\/[O) (46 mgj 0.19 mmol), Pd(OAc), (4 mg, 0.02 mmol),
N Catacxium A (6 mg, 0.02 mmol) and K,CO; (47 mg,
z 0.34 mmol) in 1,4-dioxane (1 mL) and H,O (0.5 mL) was
heated at 100 °C in a microwave reactor for 1 h. The reaction mixture was allowed
to cool to rt, diluted with EtOAc (20 mL), filtered through Celite® and concentrated in

T

I NH
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vacuo. The resulting residue was purified by MDAP (high pH). The appropriate
fractions were combined and solvent evaporated in vacuo to give 3.043t (3 mg,
7.72 pmol, 5%) as a yellow solid; *H NMR (400 MHz, CD;0D) & ppm 7.70 (s, 1H),
7.62-7.58 (m, 2H), 7.56-7.50 (m, 2H), 3.99-3.93 (m, 1H), 3.90-3.83 (m, 1H), 3.81-
3.73 (m, 1H), 3.62-3.53 (m, 2H), 3.45-3.39 (m, 1H), 2.48 (s, 3H), 2.43-2.34 (m,
1H), 2.21-2.10 (m, 4H), 1.87-1.78 (m, 2H), 1.69-1.58 (m, 1H); LCMS (formic acid):
R; = 0.78 min (96%), MH" = 389.5.

3-Methyl-5-(6-methyl-1H-indazol-4-yl)-8-((2-(tetrahydrofuran-3-yl)ethyl)amino)-
1,7-naphthyridin-2(1H)-one (3.043u)

HN/I\\I A mixture of 3.046 (120 mg, 0.34 mmol), (1H-indazol-4-
yhboronic acid (83 mg, 0.51 mmol), Pd(OAc), (8 mg,

Z |N % 0.03 mmol), Catacxium A (12 mg, 0.03 mmol) and K,CO;

| \NH N (94 mg, 0.68 mmol) in 1,4-dioxane (2mL) and H,O

(1 mL) was heated at 100 °C in a microwave reactor for
1 h. The reaction mixture was allowed to cool to rt, diluted with EtOAc (20 mL),
filtered through Celite® and concentrated in vacuo. The resulting residue was
dissolved purified by MDAP (formic acid). The appropriate fractions were combined
and solvent evaporated in vacuo. The resulting residue was dissolved in MeOH
(10 mL) and passed through a preconditioned (MeOH, 5 mL) amino propyl column
(1 g). The filtrate was concentrated in vacuo to give 3.043u (7 mg, 0.02 mmol, 6%)
as a yellow solid; *H NMR (400 MHz, DMSO-dg) & ppm 13.21 (s, 1H), 11.43 (br.s,
1H), 7.80 (s, 1H), 7.72 (s, 1H), 7.48-7.42 (m, 1H), 7.38 (s, 1H), 7.07-7.03 (m, 1H),
6.98 (t, J=4.8, 1H), 3.89-3.82 (m, 1H), 3.79-3.72 (m, 1H), 3.69-3.59 (m, 1H),
3.55-3.47 (m, 2H), 2.35-2.25 (m, 1H), 2.10-2.02 (m, 1H), 1.99 (s, 3H), 1.77-1.69
(m, 2H), 1.59-1.47 (m, 1H); N.B. 1H signal hidden under water peak; LCMS (high
pH): R, = 0.86 min (100%), MH" = 390.3.

3-Methyl-5-(quinolin-3-yl)-8-((2-(tetrahydrofuran-3-yl)ethyl)amino)-1,7-
naphthyridin-2(1H)-one (3.043v)

N A mixture of 3.046 (70 mg, 0.20 mmol), quinolin-3-
X l NN o Ylboronic acid (38 mg, 0.22 mmol), Pd(OAc), (4 mg,
| ~ N 0.02 mmol), Catacxium A (7 mg, 0.02 mmol) and
H
NH K,CO; (55 mg, 0.40 mmol) in 1,4-dioxane (1 mL) and
o}

H,O (0.5 mL) was heated at 100 °C in a microwave

reactor for 1 h. The reaction mixture was allowed to cool to rt, diluted with EtOAc
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(20 mL), filtered through Celite® and concentrated in vacuo. The resulting residue
was purified by MDAP (high pH). The appropriate fractions were combined and
solvent evaporated in vacuo to give 3.043v (15 mg, 0.04 mmol, 19%) as a yellow
solid; *H NMR (400 MHz, DMSO-ds) & ppm 11.44 (br.s, 1H), 8.92 (d, J = 2.2, 1H),
8.38 (d, J = 2.2, 1H), 8.13-8.03 (m, 2H), 7.86 (s, 1H), 7.83—7.78 (m, 1H), 7.69-7.62
(m, 2H), 7.04 (t, J = 4.5, 1H), 3.89-3.83 (m, 1H), 3.78-3.71 (m, 1H), 3.68-3.60 (m,
1H), 3.56-3.47 (m, 2H), 2.34-2.24 (m, 1H), 2.12-2.01 (m, 4H), 1.77-1.68 (m, 2H),
1.59-1.48 (m, 1H); N.B. 1H signal hidden under water peak; LCMS (high pH):
R, = 0.96 min (100%), MH" = 401.4.

5-(1H-Indol-6-yl)-3-methyl-8-((2-(tetrahydrofuran-3-yl)ethyl)amino)-1,7-
naphthyridin-2(1H)-one (3.043w)
jN\H A mixture of 3.046 (70mg, 0.20 mmol), 6-(4,4,5,5-
tetramethyl-1,3,2-dioxaborolan-2-yl)-1H-indole (53 mg,
7N /\/[:O) 0.22 mmol), Pd(OAc), (4 mg, 0.02 mmol), Catacxium A
| N (7 mg, 0.02 mol) and K,COs (55 mg, 0.40 mmol) in 1,4-
5 dioxane (1 mL) and H,O (0.5 mL) was heated at 100 °C
in a microwave reactor for 1 h. The reaction mixture was allowed to cool to rt, diluted
with EtOAc (20 mL), filtered through Celite® and concentrated in vacuo. The
resulting residue was dissolved purified by MDAP (formic acid). The appropriate
fractions were combined and solvent evaporated in vacuo. The resulting residue
was dissolved in MeOH (5 mL) and passed through a preconditioned (MeOH, 5 mL)
amino propyl column (2 g). The filtrate was concentrated in vacuo to give 3.043w
(14 mg, 0.04 mmol, 18%) as a yellow solid; *"H NMR (400 MHz, DMSO-dg) & ppm
11.36 (br.s, 1H), 11.22 (br.s, 1H), 7.77 (s, 1H), 7.44 (d, J = 8.3, 1H), 7.36 (d, J = 1.2,
1H), 7.35-7.33 (m, 1H), 7.22-7.16 (m, 1H), 6.92 (dd, J=7.1, 1.0, 1H), 6.88 (t,
J=4.9, 1H), 6.06-6.03 (m, 1H), 3.89-3.83 (m, 1H), 3.79-3.71 (m, 1H), 3.68-3.61
(m, 1H), 3.55-3.45 (m, 2H), 2.38-2.27 (m, 1H), 2.11-2.02 (m, 1H), 1.97 (d, J = 1.0,
3H), 1.76-1.69 (m, 2H), 1.59-1.48 (m, 1H); N.B. 1H signal hidden under water peak;
LCMS (high pH): R, = 0.96 min (94%), MH" = 389.4.
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5-(1H-indazol-6-yl)-3-methyl-8-((2-(tetrahydrofuran-3-yl)ethyl)amino)-1,7-
naphthyridin-2(1H)-one (3.043x)
’/\I\NH A mixture of 3.046 (70 mg, 0.20 mmol), (1H-indazol-6-
yhboronic acid (35 mg, 0.22 mmol), Pd(OAc), (4 mg,
7N /\/[o) 0.02 mmol), Catacxium A (7 mg, 0.02 mol) and K,COs;
| N (55 mg, 0.40 mmol) in 1,4-dioxane (1 mL) and H,O
o (0.5 mL) was heated at 100 °C in a microwave reactor for
1 h. The reaction mixture was allowed to cool to rt, diluted with EtOAc (20 mL),
filtered through Celite® and concentrated in vacuo. The resulting residue was
purified by MDAP (high pH). The appropriate fractions were combined and solvent
evaporated in vacuo to give 3.043x (3 mg, 7.70 umol, 4%) as a yellow solid;
'H NMR (400 MHz, DMSO-ds) & ppm 13.09 (br.s, 1H), 11.37 (br.s, 1H), 8.12 (s, 1H),
7.84 (d, J=8.1, 1H), 7.76 (s, 1H), 7.59 (s, 1H), 7.47 (s, 1H), 7.10 (dd, J=8.1, 1.2,
1H), 6.92 (t, J = 4.8, 1H), 3.89-3.82 (m, 1H), 3.78-3.71 (m, 1H), 3.68-3.62 (m, 1H),
3.52-3.46 (m, 2H), 2.35-2.25 (m, 1H), 2.10-2.01 (m, 4H), 1.75-1.69 (m, 2H), 1.57—
1.48 (m, 1H); N.B. 1H signal hidden under water peak; LCMS (high pH):
R; = 0.86 min (91%), MH" = 390.4.

tert-Butyl (2-(4-((5-bromo-3-methyl-2-0x0-1,2-dihydro-1,7-naphthyridin-8-
yhamino)piperidin-1-yl)ethyl)carbamate (3.049)
Br N~ NHCOBu A mixture of 3.016 (94 mg, 0.59 mmol) and 3.048
) N/Q (219 mg, 0.65 mmol) in MeOH (5 mL) and AcOH
| NH (0.5 mL) was heated at 50 °C for 3 h. Picoline
© borane complex (55 mg, 0.59 mmol) was added
and the reaction mixture was heated at 50 °C for a further 18 h. The reaction
mixture was concentrated in vacuo and the resulting residue diluted with sat. aq.
NaHCO; (20 mL) and DCM (20 mL). The organic layer was separated and the
agueous extracted with DCM (3 x 20 mL). The combined organic layers were
passed through a hydrophobic frit and concentrated in vacuo. The resulting residue
was purified by silica gel chromatography (0—-50% EtOH in EtOAc). The appropriate
fractions were combined and solvent evaporated in vacuo to give 3.049 (123 mg,
0.26 mmol, 43%) as a yellow solid; *H NMR (400 MHz, DMSO-ds) & ppm 11.59
(br.s, 1H), 7.90 (s, 1H), 7.79 (s, 1H), 6.86—6.79 (m, 1H), 6.65 (t, J = 5.1, 1H), 3.91—
3.82 (m, 1H), 3.06-3.00 (m, 2H), 2.88-2.80 (m, 2H), 2.36-2.29 (m, 2H), 2.17 (s,
3H), 2.10-2.02 (m, 2H), 1.97-1.90 (m, 2H), 1.49-1.42 (m, 2H), 1.38 (s, 9H); LCMS
(formic acid): R, = 0.73 min (100%), MH" = 480.2, 482.2.
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tert-Butyl (2-(4-((3-methyl-5-(5-methylpyridin-3-yl)-2-oxo-1,2-dihydro-1,7-
naphthyridin-8-yl)amino)piperidin-1-yl)ethyl)carbamate (3.050)
N A mixture of 3.049 (123 mg, 0.26 mmoal), (5-
< . A ANHCOZBu methylpyridin-3-yl)boronic acid (70 mg,
S NJ:\) 0.51 mmol), Pd(OAc), (6 mg, 0.03 mmol),
| NH Catacxium A (9mg, 0.03 mmol) and K,COs
o (71 mg, 0.51 mmol) in 1,4-dioxane (3 mL) and
H,O (1.5 mL) was heated at 100 °C in a microwave reactor for 1 h. The reaction
mixture was allowed to cool to rt, diluted with EtOAc (20 mL), filtered through Celite®
and concentrated in vacuo. The resulting residue was purified by silica gel
chromatography (0-50% EtOH in EtOAc). The appropriate fractions were combined
and sovent evaporated in vacuo to give 3.050 (88 mg, 0.18 mmol, 70%) as a yellow
solid; *H NMR (400 MHz, CDCl3) & ppm 13.37 (br.s, 1H), 8.51 (d, J = 1.6, 1H), 8.47
(d, J=1.6, 1H), 7.87 (s, 1H), 7.69 (d, J=1.0, 1H), 7.54-7.50 (m, 1H), 6.75 (d,
J=6.1, 1H), 5.13-4.99 (m, 1H), 4.30-4.16 (m, 1H), 3.30-3.21 (m, 2H), 3.04-2.92
(m, 2H), 2.57-2.48 (m, 2H), 2.45 (s, 3H), 2.34 (s, 3H), 2.31-2.18 (m, 4H), 1.87-1.75
(m, 2H), 1.46 (s, 9H); LCMS (formic acid): R; = 0.51 min (98%), MH" = 493.3.

8-((1-(2-Aminoethyl)piperidin-4-yl)amino)-3-methyl-5-(5-methylpyridin-3-yl)-1,7-
naphthyridin-2(1H)-one hydrochloride (3.047a)
N 3.050 (116 mg, 0.24 mmol) was dissolved in 4 M
S NN N \-NH2HCE HCl in 1,4-dioxane (3 mL, 12.00 mmol) and left to
| \NF: ”/Q stir at rt for 18 h. The reaction mixture was
concentrated in vacuo and the resulting residue
© was purified by MDAP (high pH). The appropriate
fractions were combined and solvent evaporated in vacuo to give 3.047a (36 mg,
0.09 mmol, 39%) as a yellow solid; *"H NMR (400 MHz, DMSO-ds) & ppm 8.44 (d,
J=1.8, 1H), 8.37 (d, J = 1.8, 1H), 7.70 (s, 1H), 7.64-7.60 (m, 1H), 7.51 (d, J = 1.2,
1H), 6.88 (d, J=6.8, 1H), 5.47 (br.s, 3H), 4.04-3.94 (m, 1H), 2.90-2.80 (m, 2H),
2.70-2.63 (m, 2H), 2.37 (s, 3H), 2.36-2.31 (m, 2H), 2.11-1.96 (m, 7H), 1.58-1.46
(m, 2H); LCMS (high pH): R; = 0.77 min (92%), MH" = 393.4.
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2-(Benzyloxy)-5-bromo-3-methyl-N-(piperidin-4-yl)-1,7-naphthyridin-8-amine
hydrochloride (3.051)
Bra |N OH_HCI 3.015 (1.21 g, 2.29 mmol) was stirred in 4 M HCI in 1,4-
XN dioxane (10 mL, 40.00 mmol) for 18 h at rt. The volatile
| N components were removed in vacuo and the resulting solid
oBn was suspended in Et,O (30 mL), filtered under reduced
pressure, washed with Et,O (30 mL), collected and dried under vacuum at 40 °C for
3 h to give 3.051 (842 mg, 1.81 mmol, 79%) as a yellow solid; *H NMR (400 MHz,
DMSO-dg) & ppm 8.09 (s, 1H), 7.96 (s, 1H), 7.58-7.53 (m, 2H), 7.45-7.39 (m, 2H),
7.37-7.31 (m, 1H), 5.71 (s, 2H), 5.21 (br.s, 2H), 4.34-4.26 (m, 1H), 3.42-3.35 (m,
2H), 2.12-3.00 (m, 2H), 2.42 (s, 3H), 2.18-2.10 (m, 2H), 2.04-1.90 (m, 2H); LCMS
(formic acid): R, = 0.87 min (93%), MH" = 427.0, 429.0.

tert-Butyl (2-(4-((2-(benzyloxy)-3-methyl-5-(5-methylpyridin-3-yl)-1,7-
naphthyridin-8-yl)amino)piperidin-1-yl)ethyl)(methyl)carbamate (3.054)
_N A mixture of 3.051 (0.16 mL, 0.95 mmol) and
S AN N~MeCOBu 3,052 (448 mg, 1.05 mmol) in MeOH (5 mL)
| N ”/O and AcOH (0.5 mL) was heated at 50 °C for
N 3 h. Picoline borane complex (89 mg,
o8n 0.95 mmol) was added and the reaction
mixture was heated at 50 °C for a further 48 h. 3.052 (0.16 mL, 0.95 mmol) and
picoline borane complex (89 mg, 0.95 mmol) were added and the reaction mixture
was stirred at 50 °C for 24 h. The reaction mixture was concentrated in vacuo and
the resulting residue diluted with sat. ag. NaHCO3; (20 mL) and DCM (20 mL). The
organic layer was separated and the aqueous extracted with DCM (3 x 20 mL). The
combined organic layers were passed through a hydrophobic frit and concentrated
in vacuo. The resulting residue was purified by silica gel chromatography (0—100%
EtOAc in cyclohexane). The appropriate fractions were combined and solvent
evaporated in vacuo to give 3.053 (284 mg, 0.49 mmol, 31%) as a yellow oil, which
was used directly in the next step.
A mixture of 3.053 (284 mg, 0.49 mmol), (5-methylpyridin-3-yl)boronic acid (133 mg,
0.97 mmol), Pd(OAc), (11 mg, 0.05 mmol), Catacxium A (17 mg, 0.05 mmol) and
K,CO3 (134 mg, 0.97 mmol) in 1,4-dioxane (3 mL) and H,O (1.5 mL) was heated at
100 °C in a microwave reactor for 1 h. The reaction mixture was allowed to cool to
rt, diluted with EtOAc (50 mL) and DCM (50 mL), filtered through Celite® and

concentrated in vacuo. The resulting residue was purified by silica gel
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chromatography (0-50% EtOH in EtOAc). The appropriate fractions were combined
and solvent evaporated in vacuo to give 3.054 (123 mg, 0.21 mmol, 42%) as a
yellow oil; *H NMR (400 MHz, CDCl;) & ppm 8.50-8.43 (m, 2H), 7.82 (s, 1H), 7.72—
7.68 (m, 1H), 7.54-7.47 (m, 3H), 7.42-7.37 (m, 2H), 7.35-7.30 (m, 1H), 6.35 (d,
J=8.3, 1H), 5.52 (s, 2H), 4.20-4.10 (m, 1H), 3.44-3.32 (m, 2H), 2.97-2.88 (m, 5H),
2.57-2.48 (m, 2H), 2.42 (s, 3H), 2.34 (s, 3H), 2.21-2.14 (m, 2H), 2.04-1.98 (m, 2H),
1.71-1.63 (m, 2H), 1.47 (s, 9H); LCMS (high pH): R; = 0.75 min (96%), MH" = 597.2.

3-Methyl-8-((1-(2-(methylamino)ethyl)piperidin-4-yl)amino)-5-(5-methylpyridin-
3-yD)-1,7-naphthyridin-2(1H)-one (3.047b)
N 3.054 (123 mg, 0.206 mmol) wad dissolved in TFA
N | 2N N~NHMe (2 mL, 26.00 mmol) and heated in a microwave
N N/Q reactor for 0.5 h. The reaction mixture was allowed
| NH to cool to rt and concentrated in vacuo. Toluene
© (5 mL) was added and the mixture concentrated in
vacuo. The resulting residue was dissolved in MeOH (5 mL) and passed through a
preconditioned (MeOH, 5 mL) amino propyl column (2 g). The appropriate fractions
were combined and solvent evaporated in vacuo. The resulting residue was purified
by MDAP (high pH). The appropriate fractions were combined and solvent
evaporated in vacuo to give 3.047b (10 mg, 0.03 mmol, 12%) as a yellow solid;
'H NMR (400 MHz, CD;0D) & ppm 8.44-8.40 (m, 1H), 8.37-8.34 (m, 1H), 7.73—
7.69 (m, 1H), 7.66 (s, 1H), 7.60-7.55 (m, 1H), 4.10-4.00 (m, 1H), 3.04-2.94 (m,
2H), 2.77 (t, J=6.7, 2H), 2.57 (t, J=6.7, 2H), 2.48-2.42 (m, 6H), 2.31-2.22 (m,
2H), 2.18 (s, 3H), 2.17-2.09 (m, 2H), 1.75-1.60 (m, 2H); LCMS (high pH):
R; = 0.82 min (98%), MH" = 407.4.

tert-Butyl 3-((2-(benzyloxy)-3-methyl-1,7-naphthyridin-8-yl)amino)piperidine-1-
carboxylate (3.056)

co,Bu  3.055 (0.44 mL, 2.28 mmol) was added to a mixture of 3.012

= IN LNJ (500 mg, 1.76 mmol), Pd,(dba); (129 mg, 0.14 mmol),

| /\N N Brettphos (94 mg, 0.18 mmol), and NaO'Bu (675 mg,
San 7.02 mmol) in THF (10 mL). The reaction mixture was heated
at 70 °C for 2 h. The reaction mixture was allowed to cool to rt and concentrated in
vacuo. The resulting residue was dissolved in DCM (20 mL) and washed with H,O
(30 mL). The aqueous layer was extracted with DCM (3 x 20 mL) and the combined

organic layers were concentrated in vacuo. The resulting residue was purified by
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silica gel chromatography (0-50% EtOAc in cyclohexane). The appropriate fractions
were combined and solvent evaporated in vacuo to give 3.056 (533 mg, 1.19 mmol,
68%) as an orange oil; *"H NMR (400 MHz, CDCl;) & ppm 7.89 (d, J = 5.7, 1H), 7.65
(d, J=1.0, 1H), 7.52-7.48 (m, 2H), 7.43-7.37 (m, 2H), 7.36—7.30 (m, 1H), 6.73 (d,
J=5.7, 1H), 6.37 (d, J =7.8, 1H), 5.57-5.43 (m, 2H), 4.29-4.20 (m, 1H), 3.90-3.77
(m, 1H), 3.56-3.37 (m, 3H), 2.38 (d, J = 1.0, 3H), 2.09-2.00 (m, 1H), 1.80-1.71 (m,
2H), 1.68-1.60 (m, 1H), 1.32 (br.s, 9H); LCMS (formic acid): R; = 0.96 min (100%),
MH" = 407 .4.

tert-Butyl 3-((2-(benzyloxy)-5-bromo-3-methyl-1,7-naphthyridin-8-
yhamino)piperidine-1-carboxylate (3.057)

co,Bu NBS (211 mg, 1.19 mmol) was added to a solution of 3.056
o : |N LNJ (533 mg, 1.19 mmol) THF (5 mL). The reaction mixture was
| N left to stir at rt for 18 h. The reaction mixture was concentrated
OBn in vacuo. The resulting solid was dissolved in DCM (50 mL)
and washed with H,O (40 mL). The aqueous layer was extracted with DCM (3 x
30 mL) and the combined organic layers were concentrated in vacuo to give 3.057
(612 mg, 1.16 mmol, 98%) as a yellow solid; *H NMR (400 MHz, CDCI;) & ppm 8.02
(s, 1H), 7.97 (d, J =1.0, 1H), 7.51-7.46 (m, 2H), 7.43—-7.38 (m, 2H), 7.36—7.31 (m,
1H), 5.56-5.44 (m, 2H), 4.29-4.16 (m, 1H), 3.84-3.74 (m, 1H), 3.50-3.40 (m, 3H),
2.44 (d, J = 1.0, 3H), 2.07-1.98 (m, 1H), 1.80-1.73 (m, 2H), 1.68-1.66 (m, 1H), 1.29

(br.s, 9H); LCMS (formic acid): R, = 1.66 min (86%), MH" = 527.1, 529.1.

tert-Butyl 3-((2-(benzyloxy)-3-methyl-5-(5-methylpyridin-3-yl)-1,7-naphthyridin-
8-yl)amino)piperidine-1-carboxylate (3.058)

N t A mixture of 3.057 (200 mg, 0.38 mmol), (5-methylpyridin-

\ | 2N ﬁoz > 3-yl)boronic acid (104 mg, 0.76 mmol), Pd(OAc), (9 mg,

~ NQ 0.04 mmol), Catacxium A (14 mg, 0.04 mmol) and K,CO;

| NN (105 mg, 0.76 mmol) in 1,4-dioxane (3 mL) and H,O

OBn (1.5 mL) was heated at 100 °C in a microwave reactor for

1 h. The reaction mixture was allowed to cool to rt, diluted with EtOAc (20 mL),

filtered through Celite® and concentrated in vacuo. The resulting residue was

purified by silica gel chromatography (0-100% EtOAc in cyclohexane). The

appropriate fractions were combined and solvent evaporated in vacuo to give 3.058

(159 mg, 0.30 mmol, 78%) as a white solid; *"H NMR (400 MHz, CDCl;) & ppm 8.50—

8.46 (m, 2H), 7.84 (s, 1H), 7.71 (d, J = 1.0, 1H), 7.54-7.48 (m, 3H), 7.43-7.37 (m,
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2H), 7.36—7.30 (m, 1H), 6.50 (d, J = 7.6, 1H), 5.59-5.46 (m, 2H), 4.33—-4.25 (m, 1H),
3.90-3.81 (m, 1H), 3.57-3.41 (m, 3H), 2.43 (s, 3H), 2.34 (d, J = 1.0, 3H), 2.11-2.02
(m, 1H), 1.83-1.76 (m, 2H), 1.72-1.62 (m, 1H), 1.36 (br.s, 9H); LCMS (formic acid):
R; = 1.08 min (97%), MH" = 540.4.

3-Methyl-5-(5-methylpyridin-3-yl)-8-(piperidin-3-ylamino)-1,7-naphthyridin-
2(1H)-one (3.059)
N A mixture of 3.058 (159 mg, 0.30 mmol) in TFA (3 mL,
S | 2N N 38.90 mmol) was heated at 80 °C for 18 h. The reaction
| N ”LJ mixture was diluted with toluene (10 mL) and concentrated in
NH vacuo. The resulting residue was diluted with MeOH (10 mL)
© and passed through a preconditioned (MeOH, 10 mL) amino
propyl column (2 g). The filtrate was concentrated in vacuo to give 3.059 (94 mg,
0.27 mmol, 91%) as an orange oil; *H NMR (400 MHz, CDCl;) & ppm 8.55-8.35 (m,
2H), 7.72 (s, 1H), 7.58-7.46 (m, 2H), 4.64—-4.61 (m, 1H), 3.38-3.30 (m, 1H), 3.25—
3.19 (m, 1H), 3.16-3.06 (m, 1H), 2.43 (s, 3H), 2.33-2.23 (m, 1H), 2.18-2.05 (m,
5H), 1.89-1.77 (m, 2H); LCMS (high pH): R; = 0.71 min (99%), MH" = 350.3.

tert-Butyl (2-(3-((3-methyl-5-(5-methylpyridin-3-yl)-2-oxo0-1,2-dihydro-1,7-
naphthyridin-8-yl)amino)piperidin-1-yl)ethyl)carbamate (3.061a)
NHCO,Bu A mixture of 3.060a (107 mg, 0.67 mmol) and 3.059
N | (94 mg, 0.27 mmol) in MeOH (3mL) and AcOH
N Z ,N J/\N) (0.3 mL) was heated at 50 °C for 2 h. Picoline borane
| \NH N complex (25 mg, 0.27 mmol) was added and the
o reaction mixture was heated at 50 °C for a further
18 h. The reaction mixture was concentrated in vacuo and the resulting residue
diluted with sat. ag. NaHCO; (20 mL) and DCM (20 mL). The organic layer was
separated and the aqueous extracted with DCM (3 x 20 mL). The resulting residue
was purified by silica gel chromatography (0—70% EtOH in EtOAc). The appropriate
fractions were combined and solvent evaporated in vacuo to give 3.061a (99 mg,
0.20 mmol, 75%) as a yellow oil; *"H NMR (400 MHz, CD;0D) & ppm 8.39 (d, J = 1.5,
1H), 8.31 (d, J=1.5, 1H), 7.69 (s, 1H), 7.67-7.65 (m, 1H), 7.57 (d, J=1.1, 1H),
4.32-4.23 (m, 1H), 3.21-3.14 (m, 2H), 3.13-3.07 (m, 2H), 2.50-2.44 (m, 2H), 2.41
(s, 3H), 2.14 (d, J=1.1, 3H), 2.03-1.94 (m, 2H), 1.85-1.77 (m, 2H), 1.75-1.65 (m,
2H), 1.38 (s, 9H); LCMS (high pH): R; = 1.06 min (98%), MH" = 493.4.
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8-((1-(2-Aminoethyl)piperidin-3-yl)amino)-3-methyl-5-(5-methylpyridin-3-yl)-1,7-
naphthyridin-2(1H)-one hydrochloride (3.047¢)
NH,-HCI -~ A mixture of 3.061a (99 mg, 0.20 mmol) in 4 M HCl in

/\N| ! 1,4-dioxane (3 mL, 99.00 mmol) was stirred at rt for
i |N j\) 48 h. The reaction mixture was concentrated in vacuo.

| NH N The resulting residue was suspended in Et,O (10 mL),

o) filtered under reduced pressure, washed with Et,O

(10 mL), collected and dried under vacumm at 40 °C for 3 h to give 3.047e (85 mg,
0.20 mmol, 99%) as a light brown solid; *"H NMR (400 MHz, CD;0D) & ppm 8.91—
8.84 (m, 2H), 8.62 (s, 1H), 7.87-7.78 (m, 2H), 4.71-4.60 (m, 1H), 4.16-3.88 (m,
1H), 3.66-3.48 (m, 6H), 2.69 (s, 3H), 2.39-2.31 (m, 4H), 2.27-2.03 (m, 4H); LCMS
(high pH): R; = 0.73 min (100%), MH" = 393.4.

tert-Butyl methyl(2-(3-((3-methyl-5-(5-methylpyridin-3-yl)-2-0xo0-1,2-dihydro-1,7-
naphthyridin-8-yl)amino)piperidin-1-yl)ethyl)carbamate (3.061b)

NMeco,Bu A mixture of 3.060b (173 mg, 1.00 mmol) and 3.059
| [ (140 mg, 0.40 mmol) in MeOH (3 mL) and AcOH
/lN /O (0.3 mL) was heated at 50°C for 2 h. Picoline
N

borane complex (37 mg, 0.40 mmol) was added and

N
z
N

5 the reaction mixture was heated at 50 °C for a
further 18 h. The reaction mixture was concentrated in vacuo and the resulting
residue diluted with sat. aq. NaHCO3; (20 mL) and DCM (20 mL). The organic layer
was separated and the aqueous extracted with DCM (3 x 20 mL). The resulting
residue was purified by silica gel chromatography (0—70% EtOH in EtOAc). The
appropriate fractions were combined and solvent evaporated in vacuo to give
3.061b (146 mg, 0.29 mmol, 72%) as a yellow solid; *"H NMR (400 MHz, CD;0D)
5 ppm 8.42 (d, J = 1.6, 1H), 8.35 (d, J = 1.6, 1H), 7.73 (s, 1H), 7.72-7.69 (m, 1H),
7.61 (d, J = 1.2, 1H), 4.37-4.27 (m, 1H), 3.47-3.37 (m, 2H), 3.20-3.12 (m, 1H), 2.89
(s, 3H), 2.82-2.72 (m, 1H), 2.61-2.53 (m, 2H), 2.45 (s, 3H), 2.37-2.28 (m, 1H), 2.19
(s, 3H), 2.05-1.97 (m, 1H), 1.88-1.80 (m, 1H), 1.76-1.67 (m, 1H), 1.59-1.50 (m,
2H), 1.43 (s, 9H); LCMS (high pH): R, = 1.17 min (97%), MH" = 507.4.
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3-Methyl-8-((1-(2-(methylamino)ethyl)piperidin-3-yl)amino)-5-(5-methylpyridin-

3-yI)-1,7-naphthyridin-2(1H)-one hydrochloride (3.047f)

NHMe -HCI A mixture of 3.061b (146 mg, 0.29 mmol) in 4 M HCI
in 1,4-dioxane (3 mL, 99.00 mmol) was stirred at rt for

N
z

NS l N N
QY j\j 3 h. The reaction mixture was concentrated in vacuo.
N
l NH H

The resulting residue was suspended in Et,0O

o) (10 mL), filtered under reduced pressure, washed

with Et,O (10 mL), collected and dried under vacumm at 40 °C for 3 h to give 3.047f

(131 mg, 0.30 mmol, quant.) as a yellow solid; ‘"H NMR (400 MHz, DMSO-dg) & ppm

11.14 (br.s, 1H), 9.58-9.47 (m, 2H), 8.85-8.79 (m, 2H), 8.42 (s, 1H), 7.84 (s, 1H),

7.73-7.76 (m, 1H), 7.64 (s, 1H), 4.68-4.54 (m, 1H), 3.83-3.74 (m, 1H), 3.72-3.64

(m, 1H), 3.63-3.56 (m, 1H), 3.54-3.49 (m, 2H), 3.47-3.40 (m, 2H), 3.09-2.90 9m,

1H), 2.60-2.57 (m, 3H), 2.55 (s, 3H), 2.18-2.09 (m, 4H), 2.03-1.95 (m, 2H), 1.68-
1.54 (m, 1H); LCMS (high pH): R; = 0.79 min (94%), MH" = 407.4.

8-((1-(2-(Dimethylamino)ethyl)piperidin-4-yl)amino)-3-methyl-5-(5-
methylpyridin-3-yl)-1,7-naphthyridin-2(1H)-one (3.047c)

N Following General Procedure 3B using 1-(2-

S | 2NN N~NMez  (dimethylamino)ethyl)piperidin-4-amine  (0.11 mL,

N N/Q 0.60 mmol), gave 3.047c (5 mg, 0.01 mmol, 6%) as

[ nn P a yellow solid; *H NMR (400 MHz, CD;0D) & ppm

8.45-8.40 (m, 1H), 8.36 (d, J = 1.5, 1H), 7.73-7.70

(m, 1H), 7.66 (s, 1H), 7.59-7.55 (m, 1H), 4.10-3.99 (m, 1H), 3.06-2.97 (m, 2H),

2.60-2.52 (m, 4H), 2.45 (s, 3H), 2.32-2.25 (m, 8H), 2.19-2.10 (m, 5H), 1.74-1.61
(m, 2H); LCMS (high pH): R, = 0.87 min (99%), MH" = 421.4.

O

8-((1-(2-Hydroxyethyl)piperidin-4-yl)amino)-3-methyl-5-(5-methylpyridin-3-yl)-
1,7-naphthyridin-2(1H)-one (3.047d)
_N Following General Procedure 3B using 2-(4-
A | ZaN N~CH aminopiperidin-1-yl)ethanol (88mg, 0.60 mmol), gave
| N H/Q 3.047d (24 mg, 0.06 mmol, 30%) as a yellow solid;
NH m.p. 217-220 °C (decomp.); Vmax (solid)/cm™: 3393
(N-H), 1659 (C=0), 1595, 1450, 720; ‘H NMR
(400 MHz, DMSO-dg) 5 ppm 8.46-8.42 (m, 1H), 8.37 (d, J = 2.0, 1H), 7.70 (s, 1H),
7.64-7.60 (m, 1H), 7.50 (d, J=1.2, 1H), 4.37-4.28 (m, 1H), 4.04-3.93 (m, 1H),
3.55-3.46 (m, 2H), 2.92-2.85 (m, 2H), 2.44-2.36 (m, 5H), 2.16—-2.04 (m, 5H), 2.02—

o
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1.94 (m, 2H), 1.58-1.46 (m, 2H); *C NMR (101 MHz, DMSO-ds) d ppm 162.0,
148.5, 147.1, 145.8, 139.0, 137.4, 134.1, 132.9, 132.8, 131.9, 120.9, 120.6, 117.9,
60.3, 58.7, 52.7, 47.9, 31.7, 17.8, 16.7; HRMS (M + H)" calculated for Cy,H2sNsO,
394.2238; found 394.2247; LCMS (high pH): R, = 0.75 min (87%), MH" = 394.2.

tert-Butyl (3-(4-((5-(3,6-dihydro-2H-pyran-4-yl)-3-methyl-2-ox0-1,2-dihydro-1,7-
naphthyridin-8-yl)amino)piperidin-1-yl)propyl)carbamate (3.063a)
A mixture of 3.018 (220 mg,
| . NGO B 0.45 mmol), 2-(3,6-dihydro-2H-pyran-4-yl)-4,4,
~ N/Q 5,5-tetramethyl-1,3,2-dioxaborolane (122 mg,
L~w H 0.58 mol), Pd(OAc), (10 mg, 0.04 mmol),
o Catacxium A (16 mg, 0.04 mmol) and K,COs
(123 mg, 0.89 mmol) in 1,4-dioxane (2 mL) and H,O (1 mL) was heated at 100 °C in

a microwave reactor for 1 h. The reaction mixture was allowed to cool to rt, diluted

O

with EtOAc (20 mL), filtered through Celite® and concentrated in vacuo. The
resulting solid was purified by silica gel chromatography (0-50% EtOH in EtOAc).
The appropriate fractions were combined and solvent evaporated in vacuo to give
3.063a (107 mg, 0.22 mmol, 48%) as a yellow solid; *"H NMR (400 MHz, CD;OD)
o ppm 7.81 (d, J=1.0, 1H), 7.63 (s, 1H), 5.81-5.87 (m, 1H), 4.34-4.29 (m, 2H),
4.10-4.03 (m, 1H), 3.99-3.95 (m, 2H), 3.13-3.09 (m, 4H), 2.65-2.60 (m, 2H), 2.42—
2.38 (m, 3H), 2.23 (d, J=1.0, 3H), 2.23-2.21 (m, 3H), 1.80-1.72 (m, 4H), 1.45 (s,
9H); LCMS (formic acid): R; = 0.58 min (81%), MH" = 498.3.

tert-Butyl (3-(4-((5-(cyclohex-1-en-1-yl)-3-methyl-2-ox0-1,2-dihydro-1,7-
naphthyridin-8-yl)amino)piperidin-1-yl)propyl)carbamate (3.063c)
A mixture of 3.018 (0.17 mL, 0.79 mmol), 2-
ZalN O/\/\NHcoztBu (cyclohex-1-en-1-yl)-4,4,5,5-tetramethyl-1,3,2-
| \NF: N dioxaborolane (0.17 mL, 0.80 mmol), Pd(OAc),
(14 mg, 0.06 mmol), Catacxium A (22 mg,
0.06 mmol) and K,CO3 (168 mg, 1.21 mmol) in

1,4-dioxane (2 mL) and H,O (1 mL) was heated at 100 °C in a microwave reactor for

O

1 h. The reaction mixture was allowed to cool to rt, diluted with EtOAc (20 mL),
filtered through Celite® and concentrated in vacuo. The resulting solid was
suspended in DCM (20 mL), filtered under reduced pressure, rinsed with DCM
(20 mL) and H,O (20 mL). The solid was collected to give 3.063c (185 mg,
0.37 mmol, 62%) as a yellow solid; *H NMR (400 MHz, DMSO-dg) & ppm 11.35
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(br.s, 1H), 7.57 (s, 1H), 7.49 (s, 1H), 6.79-6.72 (m, 1H), 6.59 (d, J = 6.6, 1H), 3.95—
3.84 (m, 1H), 2.98-2.90 (m, 2H), 2.85-2.78 (m, 2H), 2.29-2.23 (m, 2H), 2.21-2.14
(m, 4H), 2.11 (s, 3H), 2.04-1.91 (m, 4H), 1.77-1.63 (m, 4H), 1.57-1.49 (m, 2H),
1.48-1.42 (m, 2H), 1.38 (s, 9H); LCMS (formic acid): R;=0.78 min (95%),
MH" = 496.3.

8-((1-(3-Aminopropyl)piperidin-4-yl)amino)-5-(3,6-dihydro-2H-pyran-4-yl)-3-
methyl-1,7-naphthyridin-2(1H)-one (3.062a)

3.063a (30 mg, 0.060 mmol) was dissolved in 4 M
| o~ NN, HCI in 1,4-dioxane (3 mL, 12.00 mmol) and left to
) N stir at rt for 2h. The reaction mixture was
I NH

concentrated in vacuo and the resulting solid was

O

0 purified by MDAP (high pH). The appropriate
fractions were combined and solvent evaporated in vacuo to give 3.062a (13 mg,
0.03 mmol, 54%) as a yellow solid; m.p. 217—20 °C; Vpma (Solid)/cm™: 3387 (N-H),
2927, 1655 (C=0), 1583, 1450, 1121, 850; ‘H NMR (400 MHz, DMSO-ds) & ppm
7.68 (d, J=1.0, 1H), 7.59 (s, 1HO, 6.66 (d, J =6.8, 1H), 5.73-5.69 (m, 1H), 4.71
(br.s, 2H), 4.25-4.20 (m, 2H), 3.97-3.88 (m, 1H), 3.87-3.82 (m, 2H), 2.88-2.80 (m,
2H), 2.60-2.53 (m, 2H), 2.35-2.37 (m, 4H), 2.13 (d, J = 1.0, 3H), 2.04-1.92 (m, 4H),
1.56-1.40 (m, 4H); *C NMR (400 MHz, DMSO-ds) & ppm 162.2, 145.3, 136.9,
133.4, 133.2, 131.2, 126.5, 122.1, 120.8, 79.1, 64.8, 63.6, 55.8, 52.3, 47.8, 31.8,
30.4, 16.8; N.B. 1C signal hidden under solvent peak; HRMS (M + H)" calculated for
C,,H3Ns0, 398.2551; found 398.2563; LCMS (formic acid): Ry = 0.35 min (100%),
MH" = 398.3.

8-((1-(3-Aminopropyl)piperidin-4-yl)amino)-5-(cyclohex-1-en-1-yl)-3-methyl-1,7-
naphthyridin-2(1H)-one (3.062c)
3.063c (40 mg, 0.08 mmol) was dissolved in 4 M

N NN, HCIl in 1,4-dioxane (3 mL, 12.00 mmol) and left to

. N/Q stir at rt for 18 h. The reaction mixture was
| NH concentrated in vacuo and the resulting solid was
purified by MDAP (high pH). The appropriate
fractions were combined and solvent evaporated in vacuo to give 3.062¢ (12 mg,
0.03 mmol, 38%) as a yellow solid; *H NMR (400 MHz, DMSO-dg) & ppm 7.61 (d,
J=1.0, 1H), 7.53 (s, 1H), 6.59 (d, J = 6.6, 1H), 5.63-5.59 (m, 1H), 4.99 (br.s, 2H),

3.97-3.84 (m, 1H), 2.88-2.80 (M, 2H), 2.60-2.55 (m, 2H), 2.35-2.28 (m, 2H), 2.22—

o}
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2.14 (m, 4H), 2.12 (d, J = 1.0, 3H), 2.03—1.93 (m, 4H), 1.78-1.63 (m, 4H), 1.55-1.41
(m, 4H); LCMS (high pH): R, = 1.10 min (96%), MH" = 396.4.

8-((1-(3-Aminopropyl)piperidin-4-yl)amino)-3-methyl-5-(tetrahydro-2H-pyran-4-
yl)-1,7-naphthyridin-2(1H)-one (3.062b)
A solution of 3.063a (77 mg, 0.16 mmol) in EtOH
2N NSNS, (20 mL) was hydrogenated in the H-Cube using a
N ! N
I NH 1

@)

10% Pd/C cat cart (50 °C, 40 barr pressure) for 3 h.

The reaction mixture was concentrated in vacuo to
© give 3.064a (60 mg, 0.12 mmol, 78%) as a yellow
solid. 3.064a (60 mg, 0.12 mmol) was dissolved in 4 M HCI in 1,4-dioxane (3 mL,
12.00 mmol) and left to stir at rt for 2 h. The reaction mixture was concentrated in
vacuo and the resulting solid was purified by MDAP (high pH). The appropriate
fractions were combined and solvent evaporated in vacuo to give 3.062b (18 mg,
0.05 mmol, 38%) as a yellow solid; *H NMR (400 MHz, CD;0D) & ppm 7.97 (s, 1H),
7.62 (s, 1H), 4.08-4.02 (m, 2H), 4.00-3.90 (m, 1H), 3.70-3.61 (m, 2H), 3.25-3.15
(m, 1H), 3.02-2.96 (m, 2H),2.76-2.68 (m, 2H), 2.48-2.42 (m, 2H), 2.27 (s, 3H),
2.24-2.16 (m, 2H), 2.14-2.07 (m, 2H), 1.85-1.77 (m, 4H), 1.76-1.69 (m, 2H), 1.66—
1.59 (m, 2H); LCMS (high pH): R, = 0.71 min (100%), MH" = 400.4.

8-((1-(3-Aminopropyl)piperidin-4-yl)amino)-5-cyclohexyl-3-methyl-1,7-
naphthyridin-2(1H)-one (3.062d)
A solution of 3.063c (145 mg, 0.29 mmol) in EtOH
2 N /(]\,/\/\NH2 (20 mL) was hydrogenated in the H-Cube using a
| S N 10% Pd/C cat cart (50 °C, 40 barr pressure) for 3 h.
N The reaction mixture was concentrated in vacuo to
© give 3.064c (60 mg, 0.12 mmol, 41%) as a pale
yellow solid. 3.064c (60 mg, 0.12 mmol) was dissolved in 4 M HCI in 1,4-dioxane
(3mL, 12.00 mmol) and left to stir at rt for 2 h. The reaction mixture was
concentrated in vacuo and the resulting solid was purified by MDAP (high pH). The
appropriate fractions were combined and solvent evaporated in vacuo to give
3.062d (13 mg, 0.03 mmol, 27%) as a yellow solid; *"H NMR (400 MHz, DMSO-ds)
O ppm 7.88 (s, 1H), 7.64 (s, 1H), 6.49 (d, J = 6.6, 1H), 4.61 (br.s, 2H), 3.93-3.82 (m,
1H), 2.91-2.80 (m, 4H), 2.59-2.53 (m, 2H), 2.35-2.27 (m, 2H), 2.15 (s, 3H), 2.02—
1.91 (m, 4H), 1.82-1.75 (m, 5H), 1.54-1.38 (m, 8H); LCMS (high pH): R; = 0.49 min
(98%), MH" = 398.4.
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5 Appendix

5.1 TR-FRET assay protocol

Brd9 TR-FRET assay

Ligand preparation

A solution of Alexa Fluor 647 hydroxysuccinimide ester in DMF was added to a 1.5
fold excess of N-(5-aminopentyl)-2-((4S)-6-(4-chlorophenyl)-8-methoxy-1-methyl-
4H-benzo[f][1,2,4]triazolo[4,3-a][1,4]diazepin-4-yl)acetamide, also in DMF, and when
thoroughly mixed, the solution was basified by the addition of a 3 fold excess of
diisopropylethylamine. Reaction progress was followed by electrospray LC/MS and
when judged complete, the product was isolated and purified by reverse-phase C18
HPLC. The final compound was converted to the ammonium salt and characterised
by mass spectroscopy and analytical reverse-phase HPLC.

Protocol for BRD9 ligand FRET asssay

All assay components were dissolved in buffer composition of 50 mM HEPES pH
7.4, 50mM NaCl, 5% Glycerol, 1mM DTT and 1mM CHAPS. The final
concentration of Brd9 protein was at 1 OnM and the Alexa Fluor647 ligand was at Kd
(~100 nM for Brd9). These components were premixed and 5 ul of this reaction
mixture was added to all wells containing 50 nl of various concentrations of test
compound or DMSO vehicle (0.5% DMSO final) in Greiner 384 well black low
volume microtitre plates and incubated in dark for 30 min at rt. Detection reagents
were prepared in assay buffer by diluting Eu-W1024 Anti-6xHis Antibody (AD0111
PerkinElmer) to 1.5 nM FAC. 5 ul of this solution was then added to all wells. The
plates were read on the Envision reader and the donor and acceptor counts were
determined. From this, the ratio of acceptor/donor was calculated (Aex = 337 nm,
aem donor = 615 nm, em acceptor = 665 nm) and used for data analysis. All data
were normalized to the robust mean of 16 high and 16 low control wells on each

plate. A four parameter curve fit of the following form was then applied.

a—d
1+ %

Where ‘a’ is the minimum, ‘b’ is the Hill slope, ‘C’ is the plCs, and‘d’ is the maximum.
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All other TR-FRET assays were conducted in a similar manner with different ligands
and concentrations.

5.2 Thermal shift analysis

Thermal shift analysis is a technique which quantifies the strength of ligand-protein
binding without the need for displacement of a known binding partner. The
temperature at which a protein melts is measured by the increase in fluorescence
intensity of a dye that interacts with the hydrophobic core, exposed as the structure
unfolds. The difference in the melting temperature in the presence and absence of a
ligand is found to be proportional to the binding affinity of the small molecule (Figure
1).

fluorescence ' protein

. ligand
dye hinding

[’ dye
fluorescence peak

protein aggregation
and dye dissociation

ligand stabilises
protein

b

temperature

Figure 1: Thermal shift assay.

336



GSK CONFIDENTIAL INFORMATION — DO NOT COPY

5.3 Isothermal titration calorimetry

ITC measures the heat energy change associated with protein-ligand binding.
Typically, an experiment is conducted by the step-wise addition of ligand solution
into a sample cell containing a known concentration of protein. The resulting
reaction either absorbs or releases heat proportional to the amount of ligand-protein
binding. As this technique relies on a heat compensation principle, the instrument
responds by adjusting the temperature of the sample cell to maintain an identical
temperature to the adjacent reference vessel. The heat change recorded upon
addition of the ligand is plotted as the power required to maintain a constant

temperature between the two cells (Figure 2).

Hcal/sec

time

Figure 2: Example graph from an ITC experiment.

The data consists of a series of peaks, with each representing a single injection of
ligand solution. As the amount of uncomplexed protein progressively decreases
after each injection of ligand, the magnitude of the peaks becomes smaller until
saturation is reached. The pattern of these heat effects as a function of the
ligand/protein molar ratio can be analysed to give the thermodynamic parameters of
the interaction. More specifically, a single experiment provides an evaluation of the
Gibbs free energy change (AG) and its components: AH, the change in enthalpy:

AS, the change in entropy; and Ky, the dissociation constant (Equation 1).
AG = AH - TAS
AG = -RTInK4
Equation 1: Definition of Gibbs free energy (AG).

AH represents the net change in the number and/or strength of non-covalent bonds

going from the free to bound state. Indeed, the formation of correctly positioned
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interactions such as hydrogen-bonds, Van der Waals interactions and electrostatic
contacts, provides favourable (that is negative) enthalpies. However, desolvation of

polar groups upon binding leads to an enthalpic penalty.

AS represents the change in entropy upon ligand binding. Improving entropic
contributions can often be achieved by increasing the lipophilicty of the ligand.
Lipophilic compounds desolvate more readily, resulting in a significant entropic
reward. However, the extent of lipophilicty must be balanced in order to provide an
optimal physico-chemical property profile. The entropy gain associated with
liberation of solvent works against the entropic loss through constraining the ligand
upon binding. The loss in translational, rotational and therefore conformational
degrees of freedom leads to a loss in entropy. Therefore, in order to optimise this
contribution, there must be very little conformational change of the free ligand

compared to its bound state.
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5.4 Brd9 Amide array

5.4.1 General experimental procedure
To a solution of 2.021 (52 mg, 0.15 mmol, 1.0 eq.), HATU (57 mg, 0.15 mmol,
1.0 eq.), and DIPEA (0.08 mL, 0.45 mmol, 3.0 eq.) in DMF (0.4 mL), the appropriate
amine (0.12 mmol, 1.0 eq.) was added. The reaction mixture was left to stand for
18 h at rt. The mixture was diluted with DMF (1 mL) and purified MDAP (formic

acid). The appropriate fractions were combined and the solvent evaporated under a

stream of nitrogen at 40 °C to give the required product.

5.4.2 Amide array TR-FRET data

2.030 R = B[gg
~{
a H\N4<:/\so2 0.36

b “'H"{N _Goz 0.34
oy

HN
C ‘bt 0.31
O
N
HN
d S 0.27
O  N-SO,Me
\__/
Py
HN
e _(}‘N{* 0.31
o
f HN§ 0.31
NH,
(@)
oy
N
0.29
9 &}
'SO,NH,

OMe
OMe

Brd4
;rgg BD1
50 pICSO
7.9 7.3
7.8 7.3
7.1 6.7
7.0 7.3
6.7 6.2
6.6 6.4
6.9 53

Brd4
BD2

p|C5Q
7.0

7.0

6.5

6.9

5.8

6.5

4.8

Selectivity

x4

x3

x2.5

x<1

x4

x2

x40
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Brd4 Brd4
2.030 R = Brad 3'@'9 BDI  BD2  Selectivity
>0 pICso pICso
=
h P\, 028 59 6.3 5.8 x4
’P\PN (@]
i Q)\”)‘\ 025 59 5.1 4.9 x8
<
j D\NNHZ 024 57 5.2 4.6 x5
(@]
<
K N 024 58 5.3 4.6 x4
O\sone
J"“\‘\N (@]
@T)\\ 023 55 5.2 4.6 X2
<
N
m CN§=O 0.25 5.5 5.1 45 x4
\
~
n N 024 55 4.6 45 x8
P
S0,
& [e)
o N > 023 55 5.0 4.7 x3
x
N
D 023 54 48 4.4 x5
OH
<
q ), 026 54 5.0 45 x2.5
<
N
r Qo 0.21 5.3 4.9 <43 x3
o
o
N
s%3 0.22 5.3 4.7 <4.3 x5

<
N
t o 0.21 5.2 4.7 <4.3 x3
OﬁHN_(
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5.5 Brd9 Amidine array TR-FRET data

(@]
\N\I N NH
S HNCSOZ
R
Brd4
2.081 R= Brd9 Brd9 BD1
LE p|C5O
p|C50

a @\ 031 71 54
F
b © 0.33 7.3 5.7
c @ 0.32 7.9 5.8
CF,

d @ 0.36 8.1 6.1
OMe

e 0.33 7.7 6.4

0.36 7.9 6.1

g Q 033 81 6.0

h h 0.35 7.7 6.0
N/
i25° @ 0.31 6.8 5.3

j L N 0.31 7.1 5.3
CF3

k & 0.23 7.8 6.2
N—-N

Brd4
BD2

p|C50

<4.3

4.7

4.9

5.2

5.2

5.0

5.3

51

4.7

4.5

55

Selectivity

x50

x40

x126

x100

x20

x63

x200

x50

x32

x63

x40
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Brd4 Brd4
2081 R= Brad sgg BDI  BD2  Selectivity
" %0 pICso pPICso
129 h 017 65 5.1 4.6 x25
Y
OMe
>
m NN 0.31 7.1 5.9 5.1 x16
Y
NMe,
A
n ) 020 76 6.3 5.5 x20
NMe,
0 /©\ 035 8.1 6.1 5.1 x100
OMe
p S 029 6.4 4.8 <4.3 x40
N~ CN
q @\ 0.33 7.8 5.6 4.8 x158
CF,
r @ 034 74 5.6 4.6 x63
F
F
s% @ 033 7.8 5.9 4.9 x79
OMe
CN
t ©\ 032 7.7 5.5 4.7 x158
CFs
Cl
u @(Nmez 030 7.3 5.8 4.8 x32
(0]

5.6 BROMOscan bromodomain profiling

Bromodomain profiling was provided by DiscoveRx Corp. (Fremont, CA, USA) on
the basis of BROMOscan. This screen accounted for the determination of the Ky
between |-BRD9 and each of the 34 DNA tagged bromodomains included in the
assay, by binding competition against a reference immobilized ligand

(http://www.discoverx.com).
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5.6.1 Full data for compound 2.081q

Gene Symbol Kg (M) Gene Symbol Kg (nM)
ATAD2A > 30000 BRPF1 =180
ATAD2B > 30000 BRPF3 = 3200

BAZ2A = 4100 CECR2 =32
BAZ2B > 30000 CREBBP =350
Brdl =1200 EP300 =940
Brd2 BD1 =570 FALZ = 1600
Brd2 BD2 =5100 GCN5L2 = 5500
Brd3 BD1 =400 PBRM1 BD2 > 30000
Brd3 BD2 = 6100 PBRM1 BD5 > 30000
Brd4 BD1 =340 PCAF = 3600
Brd4 BD2 = 3100 SMARCA2 > 30000
Brd7 =120 SMARCA4 > 30000
Brd8 BD1 = 2800 TAF1 BD2 = 1800
Brd8 BD2 > 30000 TAF1L BD2 = 5600
Brd9 =0.66 TRIM24(PHD,Bromo.) 23000
BrdT BD1 =630 TRIM33(PHD,Bromo.) > 30000
BrdT BD2 = 3400 WDR9 BD2 > 30000

5.6.2 Full data for compound 2.082 (I-BRD9)

Gene Symbol Kq (NM) Gene Symbol Kg (NM)
ATAD2A > 30000 BRPF1 = 2100
ATAD2B > 30000 BRPF3 > 30000

BAZ2A > 30000 CECR2 =140

BAZ2B > 30000 CREBBP =740

Brdl = 17000 EP300 =770
Brd2 BD1 = 3200 FALZ = 22000
Brd2 BD2 > 30000 GCN5L2 > 30000
Brd3 BD1 = 3000 PBRM1 BD2 > 30000
Brd3 BD2 = 16000 PBRM1 BD5 > 30000
Brd4 BD1 = 1400 PCAF > 30000
Brd4 BD2 = 17000 SMARCA2 > 30000
Brd7 =380 SMARCA4 > 30000
Brd8 BD1 = 13000 TAF1 BD2 = 7500
Brd8 BD2 > 30000 TAF1L BD2 = 12000
Brd9 =19 TRIM24(PHD,Bromo.) > 30000
BrdT BD1 = 1500 TRIM33(PHD,Bromo.) > 30000
BrdT BD2 = 15000 WDR9 BD2 > 30000
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5.7 TAFL1 8-Position array 1

Z N
\l R
l NH
o}
TAFL Brd4 Brd4 CIND o
3.020 R= BD2  BD1 BD2 Selectvity  sol. [t
pICso  pICso  pICso (ng/mL)
a . ) 65 57 46 x6 117 <3
N
b Ay 55 <43 <43 x16 22 310
c ;\N,Q 64 <43 53 x13 9 220
H
0 4 O 63 46 49 x25 6 420
N
e Ky 59 55 44 x2.5 18 120
H
(0]
A : : : : - :
H
O.
9 ,e\NLJ 59 <43 48 x13 53 490
H
h £, ,QH 60 49 50 x10 129 14
H
i ;\N,QH 58 51 <43 x5 142 34
H
. NH
j £ L0 63 50 47 x20 79 <10
H
NH
k2O 62 53 46 x8 86 81
H
£ AJ 60 <43 <43 x50 3 260
H
m .« JJ 58 51 51 x5 5 200
N
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/N
|
NS /lN
%
NH
(0]
TAF1  Brd4  Brd4 CLND  ,up
3.020 R= BD2 BD1 BD2 Selectivity sol. (nmis)
pICso pICso pICso (ug/mL)
WOH
n !\N,O 6.4 4.8 5.4 x10 67 110
H
O
o 4 L 64 44 51 x20 39 560
) OH
D f\NO 6.1 5.1 4.9 x10 103 230
H
q**® !\NO 6.0 45 <4.3 x32 12 140
H
wNH;
o ) 65 51 53 x16 146 <3
>N
H
§2% f\NjO 5.4 <4.3 <4.3 x13 9 230
H
OH
t &y 6.3 4.8 5.4 x8 8 230
H
£
u H/\Ov\ 6.4 48 4.8 x40 179 <3
J"J\ (o)
v ”A[N] 5.9 5.0 4.4 x8 212 210
I
\
w?t 6.0 4.5 4.9 x13 155 180
e
(0]
X £ J0 82 <43 50 x16 25 370
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5.8 TAFL1 8-Position array 2
N
NS ZaN

|
NOR

l NH
O

TAF1 Brd4 Brd4
3.042 R= BD2 BD1 BD2
p|C5o p|C5o p|C50

2% *“\m/\o 50 49 <43

e f\N/\/O 5.5 <4.3 <4.3

£
i NU) 62 53 <43
| £
j N“@o 58 <43 <43

:‘iH/\O/OH 63 49 52

Selectivity

x10

x40

x25

x16

x20

x32

x32

x8

x32

x25

x13

CLND

sol.

(Mg/mL)

7

170

166

154

135

146

166

28

170

29

AMP
(nm/s)

250

140

220

200

100

<3

85

180

260

200
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/N
g
|
TAF1 Brd4
3.042 R = BD2 BD1
pICso  PpICso
261
n Y 6.0 4.6
H/\I/\NMez
S
o H“OO 62 <43
s
T
Y o
q YY) 57 a3
o
r S{N/\)/\J - -
H
/\Q
s Sy - -
H

Brd4
BD2

pICso
4.5

<4.3

<4.3

54

4.9

54

Selectivity

x25

x80

x25

x16

x20

x20

CLND

sol.

(Mg/mL

67

22

24

150

149

AMP
) (nm/s)

200

330

280

<3
<10

<10
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262

f263

1264

1246

|265
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5.4

5.1

5.1

5.5

5.9

4.4

54

53

4.7

<4.3

5.3

<4.3

<4.3

Brd4
BD2

pleo
5.1

5.2

<4.3

4.9

5.3

4.5

4.7

5.6

5.1

<4.3

5.8

6.1

4.9

Selectivity

x25

x5

x<1

x32

x<1

x8

x<1

x<1

x1

x6

x<1

x<1

x10

CLND
sol.

(hg/mL)
13

24

52

15

13

18

16

23

AMP
(nm/s)

460

390

330

<10

230

540

500

300

460

470

470

350

37
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Z>N 0}
\l /\/E)

N
| H

TAF1 Brd4 Brd4 CLND A
3.043 R = BD2 BD1 BD2 Selectivity sol. (nm/s)
pICso  pICso  pICso (ng/mL)
N
n g v 6.2 47 5.2 x10 186 350
/N
0** g 57 <43 <43 x25 12 390
NC ¥
N
p “ 6.4 4.7 4.9 x32 16 410
MeO” XN
/N
q 9 y 6.4 5.2 5.3 x13 17 300
F
r /@\ - <43 <43 - 1 -
¥
OMe
5266 /@\ 5.6 4.4 4.4 x16 6 560
¥
CN
267 /@\ <5.0 4.4 4.6 x<1 4 <3
¥
HN/Q
u d 7.2 6.1 6.3 x8 10 -
¥
/N
v \'3, 6.2 5.4 5.3 x6 7 830
/NH
W %\ <5.0 5.3 5.9 x<1 4 -
¥
N~NH
55 55 5.6 x1 2 380

P
%i
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