CONFIDENTIAL — PROPERTY OF GSK— DO NOT COPY

The Design and Synthesis of Novel
Epigenetic Modulators

Katherine Jones

| do more
University of feel better
Strathc yae " live longer

Glasgow

Epinova Discovery Performance Unit, GlaxoSmithKline

Department of Pure & Applied Chemistry, University of Strathclyde

Supervised by Rino Bit and Professor Colin Suckling



CONFIDENTIAL — PROPERTY OF GSK— DO NOT COPY

Declarations of Authenticity and Author’s Rights

This thesis is the result of the author’s original research. It has been completed by the author

and has not been previously submitted for examination which has led to the award of a degree.

The copyright of this thesis belongs to GSK in accordance with the author’s contract of
employment with GSK under the terms of the United Kingdom Copyright Acts. Due
acknowledgement must always be made of the use of any material contained in, or derived

from, this thesis.
Signed:
Date:

Katherine Jones

Research Involving Animals

All animal studies were ethically reviewed and carried out in accordance with Animals
(Scientific Procedures) Act 1986 and the GSK Policy on the Care, Welfare and Treatment of

Animals.

Copyright Details

Figure 1.02 copyright (2005) National Academy of Sciences, USA. (Proc. Natl. Acad. Sci. U. S.
A. 2005, 102, 10604-10609)

Figure 1.07 reprinted from Prog. Med. Chem., 51, C. Chung, Small molecule bromodomain
inhibitors: extending the druggable genome, Pages 1-55, copyright (2012), with permission
from Elsevier.

Figure 1.10 reprinted by permission from Macmillan Publishers Ltd: NATURE (Nature 2010,
468, 1067-1073), copyright (2010).

Figure 1.12 reprinted by permission from Macmillan Publishers Ltd: NATURE (Nature 2010,
468, 1119-1123), copyright (2010).

Figures 1.18 and 1.19 reprinted by permission from Macmillan Publishers Ltd: NATURE
CHEMICAL BIOLOGY (Nat. Chem. Biol. 2009, 5, 647-654), copyright (2009).

Figure 1.20 reprinted by permission from Macmillan Publishers Ltd: NATURE REVIEWS
DRUG DISCOVERY (Nat. Rev. Drug Discovery 2004, 3, 711-715), copyright (2004).

Figure 1.27 reprinted with permission from (J. Med. Chem. 2010, 53, 1098-1108). Copyright
(2010) American Chemical Society.



CONFIDENTIAL — PROPERTY OF GSK— DO NOT COPY

Abstract

This thesis describes the design and synthesis of small molecule epigenetic inhibitors, motivated
by the identification of disease treatments which will provide innovative medicines for patients.
The work reported is focused on the identification of compounds which bind to the
bromodomains of the BET family of proteins. These bromodomains have been implicated in a

number of therapeutic areas, including oncology and immuno—inflammatory diseases.

In Part I, an introduction to current challenges in drug discovery sets the scene for the work
reported within this thesis. The science of epigenetics is introduced, and key medicinal

chemistry themes relevant to these PhD studies are presented.

In Part II, an orally bioavailable BET bromodomain inhibitor suitable for clinical progression
was identified, the first such example from the dimethylisoxazole series of compounds.
Medicinal chemistry was focused on SAR generation, and the control of physicochemical
properties by the use of in silico profiling. Ultimately, the pre-clinical candidate molecule was

synthesised on a large scale to provide material for further in vivo safety and efficacy studies.

In Part III, esterase sensitive motif (ESM) technology was used to target molecules to cells of
the monocyte/macrophage lineage with the aim of improving tolerability. ESM technology was
incorporated into BET bromodomain inhibitors, and molecules were identified to probe the

viability of this approach in the BET bromodomain area.

In Chapter 3, preliminary work was undertaken to establish a successful proof of principle for
the use of ESM technology within the BET bromodomain area. In Chapter 4, the chemical
series was further developed, resulting in an increased cellular potency of the molecules. As a
result, an in vitro probe molecule was identified which could be used to further elucidate BET—

ESM technology.

In Chapter 5, medicinal chemistry design was focused on improving the drug-like properties of
the series, increasing cellular permeability, and reducing in vitro clearance. By balancing these
properties, a molecule was identified for in vivo profiling, and is currently under investigation to

assess its suitability as a pre-clinical candidate molecule.
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Chapter 1

Introduction

“It was love at first sight.”
Joseph Heller, Catch—22
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1.1 Prologue

These are currently challenging times for small-molecule drug discovery within the
pharmaceutical industry. Prior to a new drug being approved for use, regulatory agencies have
increasingly demanding requirements to demonstrate a sufficient safety and efficacy profile, and
payers are increasingly concerned with the cost—benefit ratio. Stringent regulatory requirements,
and high levels of attrition throughout the research and development (R&D) process, led to a
R&D cost estimated in 2010 of $1.8bn per approved medicine.'' Data indicates that only 10%
of compounds that are selected as clinical candidates reach the market."** These factors have

made it increasingly difficult to produce reimbursable medicines.

One strategy employed to increase the success rate in drug discovery is to focus on the
physicochemical properties of the molecule, which have been identified to impact on
attrition.' > '** This approach has been followed to some extent within drug discovery since
Lipinski’s initial paper on the subject in 1997."% Although this has significantly changed the
way people approach drug discovery, there has been limited success in reducing the overall
levels of small molecule attrition.” This may in part be due to the challenges associated with
designing and discovering potent and selective molecules that fulfil the desired physicochemical
criteria, which has meant that clinical candidates still often lie outside the desired
physicochemical space. Keeping physicochemical properties, such as molecular weight and
lipophilicity, at the forefront of medicinal chemistry thinking is undoubtedly a critical part of

reducing attrition. However, in isolation it will not overcome all of the industry’s challenges.

To improve the chance of success in discovering innovative medicines, it is necessary to
investigate the potential of novel biological mechanisms to deliver positive clinical outcomes.
Novel biological mechanisms, which have not been studied in great depth, can be described as a
“high risk, high reward” method of delivering a medicine that will meet unmet medical need in
patients. If successful, these medicines have the opportunity to make it easier to show clinicians

and payers a benefit of the medicine compared with its side effects and cost.

Epigenetics is a rapidly expanding new area of science, with fewer than 5000 articles in the
scientific literature prior to 2005, and over 15,000 between 2005 and the commencement of
these PhD studies in July 2010 (Figure 1.01). This can be compared to more comprehensively
studied areas of science, such as kinases, where between 1990 and 2010 there had been over
400,000 articles in the scientific literature, and GPCR’s, where between 1990 and 2010 there
had been over 200,000 articles.
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Figure 1.01: The number of articles mentioning epigenetics published in the scientific literature

from 2000 to 2010.

To explore the biological potential of modulating the activities of epigenetic proteins, a number
of techniques may be employed. These include the use of siRNA, knockout models, and small-
molecule chemical probes. The latter are of particular interest in drug discovery as they most
closely display the effects that would be seen by small-molecule drugs. The discovery of
selective small-molecule probe molecules, for use in in vitro and in vivo biological models,
would allow a greater understanding of the potential within the epigenetic area to deliver novel
medicines. Where probe molecules have demonstrated a biological rationale for targeting a
specific protein, candidate-quality molecules with good physicochemical and pharmacokinetic
properties can then be used to study the safety profiles of epigenetic modulators. The
information gained from these studies can then be used to provide a detailed rationale to begin

clinical trials in patients.

The research described within this thesis encompasses the design of novel compounds via a
number of different medicinal chemistry strategies, as well as the design and implementation of
synthetic routes to access compounds for biological screening. Analysis of the data from these
screens is then performed, and used to either direct further compound design, or to decide which
compounds to progress into further biological studies to better understand their value as probe

or drug candidate molecules.
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Throughout this work, robust medicinal chemistry principles are applied. When designing a
probe molecule, the physicochemical properties required are dictated by whether the probe
molecule will be used as an in vitro intracellular probe, or an in vivo probe. When aiming for
candidate molecules, physicochemical properties that give the best chance of seeing a high level
of efficacy and safety in vivo are always required. Hit molecules and series are ranked by
considering the attractiveness of the physicochemical properties, and these are monitored as the
design process progresses. There is also a focus on achieving high levels of biological activity

and, where relevant, high levels of selectivity against related biological targets.

In order to maximise the knowledge gained of epigenetic proteins in this competitive area, with
the chemistry resource and time frame available within our laboratories, there are specific
requirements for the synthetic chemistry undertaken. Synthetic routes are initially designed to
access the desired molecules as quickly as possible, and routes are favoured which allow for
rapid diversification of chemical structure in parts of the molecule identified for structure—
activity relationship (SAR) investigation. Novel final compounds are synthesised, wherever
possible, in greater than 25 mg quantities and greater than 95% purity by '"H NMR. This allows
sufficient compound availability for full in vitro profiling of compounds, and initial in vitro and

in vivo DMPK studies.



CONFIDENTIAL — PROPERTY OF GSK— DO NOT COPY

1.2 Epigenetics

Epigenetics can be defined as the study of traits heritable through meiosis or mitosis that are not
dependent on the primary DNA sequence.'”” Different epigenetic modifications to genetically
identical cells or individuals can lead to different gene expression patterns and therefore

different phenotypes.

In 2005, Fraga et al. studied the global and locus—specific differences in the epigenome of a

large cohort of monozygotic twins."”

They found that twins were epigenetically
indistinguishable during early life, but exhibited marked differences in their epigenome in later
life (Figure 1.02). The change in the epigenome of monozygotic twins was proposed as one

possible explanation for their differences in susceptibility to disease.
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Figure 1.02:"" Mapping sequences with differential DNA methylation between monozygotic

twins. A (left): Example of an AIMS (Amplification of Intermethylated Sites) analysis in 3- and
50-year-old twins. A (right): Number of differential bands obtained by AIMS. B: Bisulfite
genomic sequencing of 12 clones of the repetitive DNA sequence Alu-SP obtained by AIMS in 3-
and 50-year-old twin pairs. Schematic representations of the methylation status of each CpG

dinucleotide. Black and white dots indicate methylated and unmethylated CpGs, respectively.

There are two main components of the epigenetic code (Figure 1.03)."” The first is DNA—
methylation, where methyl groups (or ‘marks’) are added to DNA bases, usually adding to a
cytosine where it is followed by guanine. The presence of the methyl mark affects the structure
of chromatin, the combination of DNA and proteins which form the contents of the nucleus.
This change in chromatin structure usually leads to the long term down-regulation of gene
activity. The second component of the epigenetic code is histone modification. Histones are

proteins around which DNA winds to form nucleosomes, and are the major protein components
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of chromatin. A combination of modifications to the ‘tails’ of histones determines whether
chromatin is tightly packed, shutting down gene expression, or more open, where gene

expression may be active.

Nucleosome ot ©

®

A Aestyl
Methyl
Phosphoryl

Figure 1.03: The main components of the epigenetic code: DNA methylation and histone

modification.

There are a variety of epigenetic modifications known to occur on histone tails, including
methylation, acetylation, phosphorylation, citrullination and ubiquitination."'® The processes
involved in governing the epigenetic code can be grouped into the writing, erasing and reading
of these modifications (Figure 1.04). Enzymes known to catalyse the transfer (‘writing”) of
epigenetic marks onto histone tails include histone methyl and acetyl transferases, and those
known to catalyse the removal (‘erasing’) of epigenetic marks include histone demethylases and
deacetylases. There are also a number of protein domains which are involved in recognising
(‘reading’) these epigenetic marks These include bromodomains, which recognise acetylated

lysine residues, and tudor domains, which recognise methylated lysines.
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Figure 1.04:"'" A cartoon depicting the three types of processes involved in altering the
epigenetic code. The cartoon shows structural marks on histone tails being written, erased, or

read by epigenetic proteins.

Over the past decade, there has been an increasing interest in the idea that the manipulation of
epigenetic modifications by small-molecule inhibitors could have an impact on the progress of,
or susceptibility towards, disease. At the outset of these PhD studies, there was evidence
suggesting that epigenetic modulators could have an impact in a wide range of disease areas

including oncology, immuno—inflammation, virology, and metabolic diseases."'?

Currently, there are only two classes of drugs on the market that are known to work as
epigenetic modulators (Figure 1.05). The first class are the DNA methyltransferase inhibitors
azacitidine (1.01) and decitabine (1.02), although these were initially discovered before their
epigenetic mechanism was fully understood."'* The second class of drugs are histone

deacetylase (HDAC) inhibitors.

N™ >N N” >N O
| l H OH
N (@] N (@] N~
O O 5 H
HO/\Q HO o
HO OH HO
1.01 1.02 1.03
Azacitidine Decitabine Vorinostat

Figure 1.05: Structures of marketed drugs which are known to work as epigenetic modulators.

In 2006, the FDA gave the first approval of an HDAC inhibitor, Zolinza (vorinostat, 1.03), for

the treatment of cutaneous T-cell lymphoma (CTCL), a type of skin cancer."'® Vorinostat is a



CONFIDENTIAL — PROPERTY OF GSK— DO NOT COPY

non-selective inhibitor of both Class I and Class II HDACs,"'* which erase acetyl groups near
the N-termini of histones.'"> The HDACs have a wide range of biological functions,''® although
at present the main therapeutic application of HDAC inhibitors is in oncology. Vorinostat was
shown to inhibit tumour growth in animal models, and clinical trials showed a significant

response rate in studies in patients with CTCL."'*

The value of epigenetic targets has been predominantly investigated in oncology indications.
This is due to the strong therapeutic rationale, as well as a greater tolerance of side-effects,
which is important in this highly novel area. As well as the study of HDAC inhibitors for
cancers beyond CTCL, there is evidence to suggest that targeting histone methyl transferases

and acetyl lysine reader domains may be beneficial in the oncology field."'" ®

Additionally, there is in vitro and in vivo evidence for the application of epigenetics in the
immuno—inflammation therapeutic area, which is of particular interest within our laboratories.
Acetyl lysine reader domains have been shown to have anti-inflammatory effects in mice,
HDACI1 has been shown to regulate the expression of the anti-inflammatory cytokine IL-10 in
antigen-presenting cells, and the inflammatory transcription factor NF-kB causes the lysine
demethylase JMJD3 to be expressed in macrophages.''*™*' Significant scientific evidence also
exists for a role of epigenetics in neuroscience, such as Alzheimer’s disease, type I and type 11

diabetes, and virology resulting from HIV, HSV and EBV infections."'>

The challenge in progressing epigenetic science beyond the use of HDAC inhibitors in CTCL is
great, but the wide range of potential applications in areas of high unmet medical need suggests
the value to patients of succeeding. The development of potent, selective, small-molecule
chemical probes would allow further study of biological mechanisms and their potential
therapeutic effects. Translation of promising results from these studies to molecules suitable for
progression into clinical trials has a high probability of meeting the needs of patients. In
addition, in progressing molecules towards the clinic, pre-clinical toxicity models would allow a
greater understanding of the potential for side effects when modulating epigenetic processes, as

well as the likely size of the therapeutic window available.
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1.3 BET Bromodomains

As a result of exciting emerging biology, there has recently been significant interest in the
impact of the inhibition of functions of the BET family of proteins by small molecule inhibitors
of their bromodomains. The biology and therapeutic relevance of BET bromodomain inhibition
is discussed below. In addition, the structural features of the BET bromodomains as understood
from X-ray crystallographic data are presented, along with the chemical structures of recently

identified small molecule BET bromodomain inhibitors.

Bromodomains are short amino acid sequence domains within proteins that were first reported
in 1992.'**'% Structural and site—directed mutagenesis studies of the bromodomain of
P300/CBP-associated factor (PCAF) provided evidence that the bromodomain interacts
specifically with acetylated lysine residues (Figure 1.06), an epigenetic histone modification

that is important for transcription.'*

BRDs

o)
)J\NH‘

NH3*

HATs

A

“N HDACs N
H

o) )
Figure 1.06: A cartoon depicting the interaction of acetylated lysine residues with

bromodomain-containing proteins.

The acetylation of lysine residues on histone tails has a direct effect on the structure of
chromatin. This is due to the neutralisation of the charge present on lysine amino acid side-
chains at physiological pH. This results in activated states of chromatin, as the DNA is more

accessible to transcription factors.'*’

There are currently 42 known bromodomain-containing proteins, which have a total of 56
bromodomain sequence domains. A current phylogenetic tree used to visualise these proteins is

shown below (Figure 1.07)."%
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Figure 1.07:'%° A phylogenetic tree of bromodomain-containing proteins.

Proteins containing bromodomains can be classified into several families, one of which is the
‘bromodomain (B) and extra—terminal (ET)’, or BET, proteins. BET proteins in animals are
defined as having two bromodomains, labelled BD1 and BD2, and one ET domain. Early data
suggested that BET proteins associate with (or ‘read’) acetylated chromatin via both of their two
bromodomains, and that they may be involved in events such as opening chromatin structure

and/or transcriptional initiation.'?’

In humans, there are four BET proteins (BRD2, BRD3, BRD4 and BRDt) which exhibit similar
gene arrangements, domain organisations, and some functional properties (Figure 1.08)."*
Except for BRDt, which is expressed only in the testes and ovaries, BRD2, BRD3 and BRD4

are widely distributed. The four BET proteins have all been shown to bind acetylated lysines,
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although their preference for which lysine mark, and on which histone, differs. There is over
75% homology between each of the N-terminals (BD1) and each of the C-terminals (BD2)
across the BET family proteins, although only approximately 44% homology between the N-

1.29

terminal and C-terminal bromodomain within the same protein (Figure 1.08)."~" However, in all

cases the amino acid residues critical for binding acetylated lysine residues are conserved.

BDI BD2
oo [N W
44% homology
oo (I T
oo (C[NEN] W
wo [N W

>75% homology

Figure 1.08: Schematic diagram of the bromodomain organisation of human BET family
proteins BRD2, BRD3, BRD4 and BRDt. All four proteins contain two bromodomains, BD1 and
BD2, which are indicated by blue boxes. The four N-terminal (BD1) domains are highlighted
with a purple box, the two domains within BRD3 are highlighted with a pink box.

1.3.1 Therapeutic Relevance of the BET Protein Family

At the outset of these PhD studies, in addition to data generated within our laboratories, recent
published research also provided a rationale for targeting BET proteins in cancer. A cell-
penetrant small molecule inhibitor, (+)-JQ1 (1.04, Figure 1.09), of the BET family of
bromodomains was shown to have antitumour efficacy in xenograft models of nuclear protein in
testes (NUT) midline carcinoma (NMC).'** NMC is an aggressive disease which, except in the
one recorded case where tumour resection was possible, has proven fatal.'*' As of 2012, median
survival time for sufferers is only 6.7 months.'** NMC is characterised by a recurrent t(15;19)
chromosomal translocation, and the expression of a fusion protein containing NUT and

BRD3/4.18
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Figure 1.09: Chemical structure of (+)-JQI1, (1.04), a small molecule inhibitor of the BET

. . . 130
bromodomain family proteins.

(+)-JQ1 has been shown to be a potent and highly selective inhibitor of the BET family of
bromodomains in vitro.'*® A luminescence proximity homogeneous assay was used to show that
(+)-JQ1 inhibited binding of a tetra-acetylated H4 peptide to the first and second bromodomains
of BRD4 with ICsy values of 77 nM and 33 nM respectively. Differential scanning fluorimetry
was used to establish the selectivity of (+)-JQ1 for the BET family over other bromodomains
(Figure 1.10). (+)-JQ1 significantly increased the thermal stability of all the proteins of the BET
family with AT,*™ values from 4.2 to 10.1 °C. No significant stability shifts were seen for the

30 other bromodomains tested.

Critically, data also showed that (+)-JQ1 has efficacy in vivo. Three models of NMC were
developed in which mice were engrafted with patient—derived tumour material. This was
obtained from discarded clinical samples produced during the treatment of patients with
metastatic NMC. After 18 days of therapy with (+)-JQI, marked tumour regression and
prolonged overall survival were observed.'”’ Taken together, both this data and in vivo models

run within our laboratories established a proof of concept for targeting BRD/NUT in NMC.
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Figure 1.10:'" Assessment of bromodomain selectivity of (+)-JQI using differential scanning
fluorimetry. Shown are averaged temperature shifts (AT,””) upon binding of 10 uM (+)-JOI,
represented by spheres as indicated in the inset. Screened bromodomains are labelled in black;

those not included in the selectivity panel are shown in grey.

As well as their potential utility as anti-cancer agents, strong evidence has also been provided
for targeting BET bromodomains in inflammation. Recent literature from our laboratories
showed that a potent, selective inhibitor of the BET family bromodomains, I-BET762 (1.05),
has anti-inflammatory potential. I-BET762, which has a similar structure (Figure 1.11), as well
as in vitro potency and selectivity profile, to (+)-JQ1 (1.04, Figure 1.09) was shown to disrupt
chromatin complexes responsible for the expression of key inflammatory genes in activated

macrophages.'’
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1.05

Figure 1.11: Chemical structure of I-BET762 (1.05), a small molecule inhibitor of the BET

. . . 133
bromodomain family proteins.

In an in vivo model of LPS-induced endotoxic shock, administration of I-BET762 1 hour prior
to stimulation prevented or attenuated the death of the mice (Figure 1.12). In the LPS-induced
model, administration of I-BET762 1.5 hours after stimulation also prevented lethality in the

mice, which is promising for therapeutic use.
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Figure 1.12:" Kaplan—Meier survival curves of LPS-treated mice injected intravenously with
a solvent control (black squares), 30 mg/kg I-BET762 1 hour before LPS-administration (blue
triangles) or 30 mg/kg I-BET762 1.5 hour after LPS administration (blue circles). A control
group of non LPS-treated mice dosed with 30 mg/kg of [-BET762 (grey triangles) is also shown.

Subsequent to the initial research on (+)-JQ1 and I-BET762, it has been shown that BET
inhibitors may have therapeutic potential in a wider range of cancers. BET inhibitors have been
shown to down regulate key genes in cell-proliferation such as c-Myc, and have shown efficacy

in in vivo models of multiple myeloma and leukaemia.'**'**
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The relevance of BET proteins in immuno—inflammatory diseases has also recently been further
validated. Disease-associated single nucleotide polymorphisms (SNPs) have been identified for
BRD2 in rheumatoid arthritis."*® BRD4 has also been shown to have a role in immune

pathways, as it plays a role in activating inflammatory genes after LPS-stimulation.'’

Outside the oncology and immuno—inflammatory areas, it has been shown that BRD4 has a role
in virus-induced pathogenesis, and is a potential target for drug development with a view to
controlling HPV-induced human diseases, including genital warts, skin tumours, and cervical
cancers.'** In addition, whole-body disruption of BRD2 in mice led to enhanced glucose
tolerance and avoided the development of Type 2 diabetes. This suggests that the BET family of

. . . . 1.39
proteins may also be relevant in metabolic diseases.

BET bromodomain inhibitors may have an even wider therapeutic use than that currently
predicted. Given the wide range of effects across many different therapeutic areas, the potential
of bromodomain inhibitors, and the BET family in particular, is worthy of serious investigation

with the view of providing novel medicines to patients.

Since the commencement of these PhD studies, a small number of BET bromodomain inhibitors
are being assessed in clinical trials. These include I-BET762 (1.05) from within our
laboratories, which is currently in a Phase I/II study to investigate safety and activity in subjects
with NMC and other cancers."*’ Two other BET-bromodomain inhibitors have been reported to
be in Phase I clinical trials in oncology patients. These are the Oncoethix/Mitsubishi compound
OTXO015, in a clinical trial for patients with haematological malignancies,'*' and the
Constellation Pharmaceuticals compound CPI-0610, in a clinical trial for patients with

progressive lymphoma.'*?

In addition, a compound initially identified as an ApoAl upregulator by Resverlogix
143

Corporation, RVX-208 (structure shown in Figure 1.16, 1.09), ™ was later shown to be acting

via BET-bromodomain inhibition."** this compound has been evaluated in a number of clinical

studies, including a Phase II trial in patients with stable coronary artery disease.'*’
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1.3.2 Small Molecule BET Bromodomain Inhibitors

To understand how to identify, and optimise the potency of, BET bromodomain inhibitors, X-
ray crystallography is of significant value. X-ray crystallography was applied to a number of
examples within our laboratories, to identify structural features of the protein that are important
for potency.'?® The most important of these are the acetyl lysine binding site, the WPF shelf
region, and the ZA channel. These are discussed further below, using I-BET762 (1.05, Figure

1.11) to illustrate compound binding.

Unsurprisingly, as the function of bromodomains is critical to their binding acetylated lysine
residues on histone tails, small molecule BET bromodomain inhibitors possess acetyl-lysine
mimetics which bind into the acetyl lysine recognition pocket. The binding of I-BET762 into
the acetyl lysine binding site of the BRD4-BD1 bromodomain is shown below (Figure 1.13).

—

/

/ =~

Figure 1.13: A section of the X-ray crystal structure of I-BET762, 1.05, bound to the first
bromodomain of BRD4, showing the acetyl lysine binding site. I-BET762 is shown in cyan, and
the protein in grey. The side-chains of Asn140, Tyr 97 and Phe83 are highlighted in bold. Water

molecules are shown as red spheres, and hydrogen bonding contacts as blue dotted lines.

The methyltriazole of [-BET762 acts as the acetyl lysine mimetic, binding into the acetyl lysine

binding site of the bromodomain. The triazole nitrogen atoms form hydrogen bonding
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interactions with both the side-chain of Asn140, as well as a conserved water network, as is
seen for the acetyl group of acetylated lysines. The water network is conserved across over one
hundred X-ray crystal structures which have been determined within our laboratories.'?® It is
held in place by hydrogen bonding interactions with Asn140, as well as water-bridged to Tyr
97. In addition to the hydrogen bonding interactions made by the triazole nitrogen atoms, the
methyl substituent on the triazole of [-BET762 interacts with a small hydrophobic pocket,
formed by the side-chain of Phe83. This mimics the interaction made between the bromodomain

and the methyl of acetylated lysine residues.

In addition to the acetyl lysine binding site, a hydrophobic region of the protein named the
‘WPF shelf” is also important in the binding of compounds to the BET bromodomains. The
interaction of the 4-chlorophenyl of I-BET762 with the WPF shelf is shown below (Figure
1.14).

Figure 1.14: An X-ray crystal structure of I-BET762, 1.05, bound to the first bromodomain of
BRD4. I-BET762 is shown in cyan, and the protein in grey. A molecular surface has been added

to the protein, with lipophilic regions shown in green and polar regions in magenta.

The WPF shelf is named such as it is formed by the side-chains of Trp81 (W), Pro82 (P), and
Phe83 (F). It is flat and hydrophobic, and provides a region for binding lipophilic and aromatic
substituents, such as the 4-chlorophenyl of I-BET762.
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The final key region for binding of small molecules within BET bromodomains is the ZA
channel. The interaction of the fused methoxyphenyl ring of the benzodiazepine core of I-
BET762 with the ZA channel is shown below (Figure 1.15). The ZA loop forms a fairly narrow
channel, named the ‘ZA channel’. Introducing flatness in molecules which bind in this area of
the protein would therefore be likely to aid binding. The directionality of any substituent would
also be important. The good directionality and shape complementarity of the methoxyphenyl of
[-BET762 with the ZA channel confers potency to the compound.

Figure 1.15: I-BET762, 1.05, bound to the first bromodomain of BRD4. I-BET762 is shown in
cyan and the protein in grey. The ZA-loop is shown as a ribbon from the top left to bottom
centre. A molecular surface is added to the protein as a grey mesh, highlighting the ZA channel

with the methoxyphenyl of the benzodiazepine ring system of I-BET762 bound in this region.

At the outset of these PhD studies, the only chemotypes of BET bromodomain inhibitors known
within the literature were structurally similar to either -BET762 (1.05) or (+)-JQ1 (1.04), which
both bind similarly into the bromodomain of the protein, with the methyltriazole as the acetyl
lysine mimetic. However, within our laboratories, there were chemotypes with alternative
structural features acting as the acetyl lysine mimetic also known at this time. These, as well as

1.46

the recently published in vitro tool molecule PFI-1 (1.08), ™ and the clinical molecule RVX-
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208 (1.09)'* are shown below (Figure 1.16). These structures represent a variety of
chemotypes, however all show the same key binding interactions already described for I-

BET762.

Compounds of the dimethylisoxazole family, exemplified by [-BET151 (1.06), were discovered
within our laboratories.'*’ Here, the dimethylisoxazole moiety acts as the acetyl lysine mimetic,
with the pyridine sat on the WPF-shelf and the quinoline ring system in the ZA channel. The
dimethylisoxazole motif has, since the outset of these PhD studies, also been used within a

range of other compounds to provide small molecule BET bromodomain inhibitors."** '*

1.06, I-BET151 1.07, I-BET726
0
o3 N _ | ~"0H
Ss CCN o N
N
-0 N)\\o
N NH
0 O
1.08, PFI-1 1.09, RVX-208

Figure 1.16: The chemical structures of key small molecule BET bromodomain inhibitors.

The tetrahydroquinoline (THQ) family, exemplified by I-BET726 (1.07),"”" have the most
recognisable acetyl lysine mimetics, with the N-acyl of the THQ sitting in the acetyl lysine
binding site. In [-BET726, the 4-chlorophenyl sits on the WPF shelf in a similar position to that
of I-BET762 and the aromatic ring of the 4-benzoic acid is directed through the ZA channel.

Recently, a novel chemical series, containing a methyldihydroquinazolinone acetyl lysine
mimetic, has also been discovered, and has yielded PFI-1 as an in vitro tool BET bromodomain
inhibitor."*® As with the previously discussed chemical series, the WPF shelf again makes an
interaction with an aromatic ring, in this case the methoxyphenyl substituent. An interesting
feature of the binding of PFI-1 is that instead of incorporating a largely lipophilic interaction
with the ZA channel, it is postulated that the sulfonamide NH makes a water-mediated hydrogen
bond with a ZA loop backbone carbonyl moiety.
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These known chemotypes, and access to X-ray crystallography within our laboratories, make
the identification of BET bromodomain inhibitors as drug candidate molecules an attractive
prospect. This is supported by a strong therapeutic rationale, both within our laboratories and in

the wider scientific community, for the relevance of the BET bromodomains in disease.
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1.4 Medicinal Chemistry Strategies in Epigenetic Research

Working in epigenetic research requires an increased focus on certain medicinal chemistry
strategies. The aims of the programme, as well as the biological screening to be undertaken,
have to be designed with only a limited understanding of the target area. It is also necessary to
complement classical hit identification with innovative ways to increase the chemical space
covered by the current compound collection, owing to the novelty of structure of the proteins
being targeted. At the same time, it is important to follow good medicinal chemistry practices.
This ensures that high-quality compounds are designed, which stand the best chance possible of

becoming successful drugs if a therapeutic rationale can be developed..

1.4.1 Structure of an Epigenetic Research Programme

Epigenetics is a new area of science where there is a limited amount of scientific knowledge
currently available. The aim of scientific research underway in this area is twofold. First, the
aim is to gain a greater understanding of specific epigenetic processes and their implications in
disease. Secondly, where understanding of epigenetic processes suggests the possibility of
delivering transformational medicines to patients, the aim is to develop candidate molecules
which can be progressed into clinical studies. An overview of the stages to be followed in a

drug discovery programme within the epigenetics area are summarised below (Figure 1.17).

[ Target Selection } |:|'>[Lead Identif’ ication} I:>[Probe Development] I:>[ Target Validation }
p ﬂ

[ Clinical } = Pre-clinical ](::I Candidate Selection] {— Lead OptimisationJ
(&

Development Development L L
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Figure 1.17: The stages of a drug discovery programme within the epigenetics area.

The first stage is target selection, deciding which epigenetic processes are of interest and which
protein, or protein domain, should be targeted. Ideally, there is some scientific rationale (i.e.
genetics, disease association), either within our laboratories or within the scientific literature, as
to how this epigenetic process is involved in one or more diseases. Diseases with a high unmet
medical need are preferred, due to a greater potential benefit to patients and a greater likelihood
of development of a reimbursable medicine. Targets with implication in a number of different
diseases are also attractive since this gives potential for developing the underlying science in a

number of different directions.
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Once a target has been selected, it is essential to find hit molecules that show some efficacy.
Traditionally, hit molecules come from a variety of sources, including high-throughput
screening (HTS), natural ligands, focused screening, virtual screening, and phenotypic (‘black-
box’) screening. A range of different techniques are commonly used on the same programme to
maximise the possibility of success, and recently encoded library technology (ELT) (Section
1.4.2) and fragment screening have been used to complement traditional techniques. In the
epigenetic area, it has also been necessary to ensure the compound collection used for HTS and
focussed screening is enriched with chemotypes which are likely to interfere with epigenetic
proteins. For example, bromodomains interact with acetylated lysine residues; therefore it is
advantageous to ensure the compound collection contains chemotypes which contain similar

structural features to an acetylated lysine residue.

Once a target has been selected, and a hit identified, it is necessary to build on the biological
data currently available to further validate the target. Various in vitro and in vivo biological
studies can be undertaken to develop the rationale for targeting the specific protein in disease.
Novel strategies and technologies, such as targeting to a sub-population of cell types, may also
be considered. To complete these studies, a probe molecule is required. A probe molecule is a
compound with sufficient potency and a pharmacokinetic profile to allow evaluation in these
biological studies. The compounds must also be selective against other targets which may
impede biological evaluation, and be cellular and nuclear penetrant to reach the target protein.
At this stage, a number of properties including exposure after oral dosing, and developability
issues such as CYP450 and hERG inhibition, are not of prime importance, although it is good

practice to consider them where possible.

If the scientific rationale is further validated by studies undertaken with the probe molecule, it
gives greater rationale to invest time and resource in lead optimisation. At this stage, the aim of
the ongoing research becomes a candidate-quality molecule with an appropriate safety and
efficacy profile in in vitro and in vivo models. Greater consideration is given to properties
including the overall selectivity profile (including CYP450 and hERG inhibition), physical
properties (including solubility and stability) and a suitable pharmacokinetic profile for dosing
patients with the target disease. Depending on how well the probe molecule meets these
requirements, the candidate may come from the same chemical series as the probe, or a different

family of compounds.

Once a candidate molecule has been identified, its safety profile is analysed further through in

vitro and in vivo pre-clinical studies. These studies are critical prior to clinical studies being
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undertaken as they increase patient safety, and include the investigation of genotoxicity,
cardiovascular effects, and medium-term in vivo toxicity studies. In a new area of science such
as epigenetics, the priority given to the specific safety studies being undertaken changes as more
information about the possible side-effects becomes available. The information gained during
the pre-clinical studies is used to help design clinical protocols and support ‘Investigational

New Drug’ (IND) applications with the appropriate regulatory agencies.

1.4.2 Hit Identification Using Encoded Library Technology

High-throughput screening (HTS) is commonly used within the pharmaceutical industry to
provide hit molecules at the outset of medicinal chemistry programmes. HTS is the process of
screening a large number of compounds against a biological target."”' Typically, 0.5-3 million
compounds from a company’s in-house screening collection are tested. Their activity is
measured as percent inhibition, or efficacy, at a single concentration. Compounds of interest are
re-tested, and approximately 2000-5000 ICsy, or ECso, values are generated. From this, a
number of hit molecules with verified structural integrity and purity, as well as a reproducible

result in the biological screen, are identified.

In 1992, it was proposed that by encoding individual members of a large library with unique
nucleotide sequences, chemical synthesis and genetics could be combined to provide a
powerful, versatile method for drug screening.'” Since then, the techniques and technology
have developed to the point where DNA-encoded libraries (DELSs) can be used to discover novel
inhibitors for pharmaceutically relevant enzymes.'”* In contrast to HTS, where each molecule is
screened individually against the target, in encoded library technology (ELT) a large DEL is
subjected to selective pressure until it is enriched with compounds with improved affinity for

the biological target.

DELs have historically been prepared by using the appended DNA to control the synthetic
destiny of the library members. It was shown, in 2002, that multistep syntheses of small
molecules could be directed by DNA-templated synthesis, where sequence complementarity
brings into proximity DNA-appended reactants.'>* This methodology is compatible with a wide
range of reactions, including organometallic coupling, amide coupling and carbon—carbon
bond—forming reactions.'”> DNA-programmed chemistry allowed one-pot library synthesis of
DELs where the library members could be amplified by PCR and resynthesis.'”® DNA-
programmed chemistry was further developed by attaching building blocks to DNA prior to
synthesis, allowing the use of off the shelf reagents. Resin-bound single-stranded DNA
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(ssDNA) was used to separate DNA-tagged templates into various compartments, where solid
phase synthesis was performed.”’ This is an example of the use of traditional combinatorial

1.58

‘split-and-pool” methodology ~° to DEL preparation. Subsequently, a 100 million compound

library of 8-mer peptides was constructed using this method."*

Within our laboratories, it has been shown that DELs can be synthesised using DNA sequences
to record the synthetic history of the library members, rather than using DNA to direct the
course of synthesis."*® A combination of enzymatic and chemical syntheses in a ‘split-and-pool’
format was used (Figure 1.18). The starting material is tagged with DNA, followed by reaction
and purification. The solution was split into 384 wells, reacted with an appropriate DNA tag
solution, and reacted and purified again. This gave libraries where the DNA sequence
represented the component reagents used to synthesise the final molecule. In contrast to
previous methods, double-stranded DNA was used to encode the library, allowing for greater

variability in synthetic chemistry available and therefore greater structural diversity.

Once DELs have been synthesised, they are subjected to selective pressure to enrich the DEL
with compounds which interact with an immobilised target protein.'®' The immobilised protein
is added to the DEL, incubated, and the beads washed to remove unbound library members. The
bound library molecules are then eluted from the beads by heating at 72 °C. The eluted
compound library is subjected to three or four further rounds of selection using the immobilised
protein to give a DEL enriched in molecules which bind to the protein. Physical losses during

the selection process preclude a greater number of rounds of selection.

The enriched DEL is then characterised using high-throughput sequencing technologies which

yield over 100,000 individual sequences in a single experiment."®

The selection output is
viewed as a cubic scatter plot (Figure 1.19) where each axis on the plot represents one cycle of
synthesis, therefore one structural feature, or synthon, within the molecule. The visualisation
allows families of related structures enriched within the library to be picked out as planes (one
synthon in common) or lines (two synthons in common). Molecules which bind more strongly

to the target protein will be present in higher number in the DEL after selections have been

performed, therefore will show up with higher copy numbers during DNA sequencing.
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Figure 1.18:"%" Synthetic scheme towards synthesis of a DEL using a ‘split-and-pool’ format.
Double-stranded DNA tags are used to record the substituent parts of the molecule during

library synthesis.

Once the enriched DEL has been characterised and analysed, it is possible to select families of
compounds, or structural features, which are preferred for interaction with the target molecule.
Exemplars from these families are synthesised without the DNA tag and screened in binding or
functional assays to confirm activity. Once activity has been confirmed, the compound is
designated as a hit molecule, and the chemotype can be studied further by the programme
medicinal chemists. The output from the DEL can also be used to provide SAR for future

medicinal chemistry.

Encoded library technology within our laboratories has been used to interrogate an 800-million-
member DEL, from which inhibitors for Aurora A kinase and p38 MAP kinase have been
discovered (Figure 1.19)."°" Within these PhD studies, ELT identified a hit molecule for the
esterase-sensitive motif programme of work (Part III). In this case, the use of ELT technology
provided a novel structural series of BET bromodomain inhibitors which had previously not

been discovered by high throughput screening of the GSK compound collection.
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Figure 1.19:"%" (a) Library populations can be viewed in three dimensions using Spotfire. Each of the DEL components can be uniquely identified by a
single point in the cubic space. (b) An example unfiltered population obtained from a DEL selection with an enzyme (p38 MAP Kinase). (c¢) The same
population after removing the low occurring molecules. Points corresponding to compounds 2, 3 and 4 are coloured blue. The structures and locations
of some selected synthons are shown. (d) Structures and assay results of selected compounds 2, 3 and 4. The structures are very similar to reported p38

MAP kinase inhibitors such as compound 5.
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Work is still ongoing to develop the use of DELs even further. The ‘split-and—pool’ synthetic
methodology can lead to compounds with a higher molecular weight and lipophilicity than
would be desired within a lead, and there is a concerted effort to improve the quality and
diversity of the molecules within the library. The use of the technology is also limited by the
availability of solid supported protein to use during selections, although within our laboratories
we have not found this to be a limiting factor for the use of DELs to interrogate targets we are

interested in within the epigenetic area.

1.4.3 Monitoring Physicochemical Properties during Drug Discovery

In the early 1990°s, the greatest cause of the attrition of drug candidates was poor human
pharmacokinetics (Figure 1.20)."* The improved prediction of human pharmacokinetics from
preclinical animal studies has since significantly reduced the impact of this on attrition. By
2000, poor efficacy, commercial decisions, and toxicology had become the most significant
causes of drug attrition. Of these, as for the pharmacokinetic profile, efficacy and toxicology are

in the hands of the medicinal chemist.

Since the seminal paper by Lipinski et al."” there has been a significant focus on the use of
physicochemical properties in drug discovery. This began with Lipinski’s ‘Rule of Five’ (Ro5),
which identified physicochemical properites associated with good oral absorption, and has
subsequently been developed towards the prediction of a wide range of properties which are
impotant in drug discovery. Recently, due to the challenges faced by the industry, this has
become focussed on the reduction of attrition in drug development by identifying those

properties which correlate with a reduced risk of toxicology.
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Figure 1.20:"% Causes of drug candidate attrition in 1991 and 2000.
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As a result of this area of research, a number of guidelines have been developed which are
useful to the medicinal chemist, and a subset of these are described below. These are based
around in silico profiling of compounds prior to synthesis. /n silico physicochemical profiling
involves the use of computational models to predict the physicochemical profile of potential
compounds for synthesis. This includes properties such as solubility, lipophilicity, and polar
surface area. The in silico profiling of compounds during the medicinal chemistry design
process is critical to the identification of high-quality drug molecules. It can also significantly
reduce time and costs, by removing the synthesis and biological profiling of compounds which

are not likely to have drug-like properties.

Inspection of the various physicochemical guidelines which have been developed show that the
themes of low lipophilicity, reduced size, and reduced flatness are common across the majority
of approaches. Lipinski’s Ro5 (Figure 1.21), developed within the Pfizer research laboratories,
is based on the premise that good oral activity is a result of not only high intrinsic potency, but
good oral bioavailability."* Oral bioavailability is primarily governed by the solubility and
permeability of compounds, and by following the Ro5 the probability of identifying a
compound with good solubility and permeability is increased. In Lipinski’s Ro35, lipophilicity is

defined as the octanol/water partition coefficient (logP).

e mwt <500
o logP<5
e #hbd <5, #hba < 10

L0 Mwt is the

Figure 1.21: Lipinski’s Ro5 for the prediction of good oral bioavailability.
molecular weight, logP the octanol/water partition coefficient, #hbd and #hba denote the

number of hydrogen bond donors and acceptors.

A similar study by Veber et al, within our laboratories, also identified physicochemical
properties which predicted good oral bioavailability."* It was proposed that molecular weight
had been identified by Lipinski as a result of its close correlation with polar surface area. This
led to an updated set of criteria to predict good oral bioavailability, focussed instead on polar

surface area and the number of rotatable bonds (Figure 1.22).
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o #b<10
e PSA<140A’

Figure 1.22: The criteria described by Veber et al to predict good oral bioavailability."% #rb

denotes the number of rotatable bonds. PSA denotes the polar surface area.

It has since been shown that physicochemical properties can be used to predict not only oral
bioavailability, but a wide range of drug-like properties. This is evidenced by the detailed
analysis performed by Ghose et al, within the Amgen research laboratories."® In this study, the
physicochemical properties of known drug molecules were calculated, and a set of rules for
drug-likeness developed, with the aim of better designing chemical libraries (Figure 1.23). As

with the Ro5, lipophilicity is amongst the descriptors, here as a calculated logP (clogP) value.

e 1.3<clogP<4.1
e 70<cmr<110
e 230 <mwt<390

e 30 <#atoms <55

Figure 1.23: Criteria identified for drug-likeness, as described by Ghose et al."%

clogP denotes
the calculated logP, cmr the calculated molar refractivity, mwt the molecular weight, and

#atoms the number of atoms.

Ghose’s rules for drug-likeness were supported by the work of Gleeson et al, again within our
laboratories, which also identified molecular weight and clogP as the key predictors of drug-
likeness."® 1In this case, physicochemical properties were correlated with absorption,
distribution, metabolism, and excretion—toxicity (ADMET) parameters such as solubility,
plasma protein binding and in vivo clearance. This work resulted in the simple and easily-

applied ‘4/400’ rule (Figure 1.24).

e clogP<4

o mwt <400

Figure 1.24: The ‘4/400 rule for good ADMET properties identified by Gleeson et al.”*°

At the outset of these PhD studies, research within the Pfizer research laboratories to predict
both good oral properties and toxicity was identified as the gold standard of good drug

discovery. This work is well represented by two publications, the first showing a rule for
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1.67

increasing the likelihood of a good pharmacokinetic profile, ®' and the second showing a rule

for lowering the probability of toxicity of compounds."®*

To optimise the key pharmacokinetic parameters of clearance and oral absorption, the ‘Golden
Triangle’ was developed, giving an optimum combination of molecular weight and lipophilicity,
here denoted by the estimated octanol/buffer distribution coefficient elogDpy7 4 (Figure 1.25).1¢7
Compounds with properties which are predicted to lead to a good pharmacokinetic profile lie

inside the depicted ‘golden triangle’ area.
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Figure 1.25: The ‘Golden Triangle’ rule for good pharmacokinetic profile."” The estimated
logDyy7.4 (elogD) is plotted on the x-axis, and the molecular weight (mwt) on the y-axis.
Compounds with properties which are predicted to lead to a good pharmacokinetic profile lie

inside the depicted ‘golden triangle’ area.

This work was supplemented by a second set of guidelines which identified physicochemical
parameters associated with a reduced likelihood of in vivo toxicology, commonly named the

“3/75 rule (Figure 1.26)."%

e clogP<3
e PSA>75A%

Figure 1.26: The ‘3/75" rule for a reduced likelihood of in vivo toxicology."*®

This study showed that compounds with a polar surface area less than 75 and a calculated
lipophilicity (clogP) greater than 3.0 were over six times more likely to be toxic than
compounds with a polar surface area greater than 75 and a clogP less than 3.0. An increased
lipophilicity may lead to increased toxicity for a number of reasons, including the compound

having increased pharmacological promiscuity and nonspecific accumulation effects."*
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The overall theme of these various rules was distilled, at the outset of these PhD studies, to a
commitment to the control of both lipophilicity, in the guise of clogP, as well as molecular
weight wherever possible during the optimisation process. This was identified as being
particularly critical when developing compounds which were designed to be either in vivo tool
molecules or pre-clinical candidates. It is, however, important to note that these various specific
rules were therefore being used as guidelines for improved compound design rather than as
specific cut-off values. The risks of adhering strictly to one set of rules has also been
documented," ™ and using these various parameters as guidelines to improve the probability of

success rather than blanket rules is in line with Lipinski’s original intentions."”"

As described above, lipophilicity was identified as a critical physicochemical property for these
PhD studies. The importance of lipophilicity is supported by the fact that the parabolic
relationship of lipophilicity with oral bioavailability (Figure 1.27) can be rationalised
scientifically as well as predicted by computational modelling."”* Low intestinal absorption for
compounds which are very hydrophilic, combined with an increase in first-pass metabolism as
lipophilicity increases, drive the parabolic relationship. Although the permeability of biological
membranes, and therefore oral absorption of drug molecules, is governed by both passive
diffusion and carrier-mediated mechanisms, passive diffusion is probably the primary route of
intestinal permeation in most drugs."” Intestinal absorption is therefore higher for more
lipophilic compounds. The positive effect from lipophilicity of increased absorption is
overtaken by an increase in first pass metabolism for more lipophilic compounds due to their

greater affinity for enzymes such as cytochrome P450’s.""
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Figure 1.27:"7? The relationship between oral bioavailability and a range of physicochemical
characteristics. The molecular weight range is 200-500; the lipophilicity range is a clogP of -
2-5; the polar surface area range is 25—150 A*; the free rotatable bonds range is 0—12.

To aid decision making in medicinal chemistry, various descriptors have been described which
simultaneously monitor potency and physicochemical properties. Commonly used descriptors

include ligand efficiency (LE) and lipophilic ligand efficiency (LLE)."%'"

Ligand efficiency is
a measure of potency with relation to heavy atom count, and lipophilic ligand efficiency is a
measure of potency with relation to lipophilicity. There are a number of methods for calculating

LE and LLE; the methods used in this thesis are detailed below (Figure 1.28).

-AG 1.36 X pICSO

HAC HAC
LLE = pICsxq - clogP

Figure 1.28: Definition of ligand efficiency (LE) and lipophilic ligand efficiency (LLE) used
throughout this thesis, where AG is the change in Gibbs Free Energy, pICsg is the negative
logarithm of the half maximal inhibitory concentration, HAC is the heavy atom count and the

clogP is the calculated logP.
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A typical compound with a pICs, of 7, molecular weight of 350 and clogP of 3 will have an LE
of 0.36 and an LLE of 4. The optimum values of LE and LLE depend on the stage of the
programme, but during the drug discovery process the aim is to keep both these values as high

as possible.

Since the commencement of these PhD studies, there have been further developments in using
physicochemical parameters to reduce attrition during pre-clinical and clinical development. A
significant contribution to this area comes from within our laboratories, with the property
forecast index (PFI). This is the sum of a chromatographically measured distribution coefficient

mChromlogD,y74 and the number of aromatic rings (Figure 1.29).!7

PFI = mChromlogDppy7 4 + #Ar

Figure 1.29: Definition of the property forecast index (PFI). The mChromlogD,; 4 denotes the
chromatographically measured distribution coefficient at pH7.4, and #Ar the number of

aromatic rings.

The number of aromatic rings has previously been described as being a factor in compound-
related attrition."” However, the key development associated with the use of PFI is the
incorporation of a chromatographically measured value of lipophilicity rather than an in silico
prediction. This was shown to significantly increase the correlation of lipophilicity with a
number of key factors, including solubility and intrinsic clearance, in comparison with previous
approaches.” The development of PFI during these PhD studies is reflected by a change in use
of clogP to ChromlogD,u74 as the key lipophilicity measure during the later work reported.

1.4.4 Requirements for Oral Administration of Drugs

When designing a compound where the ultimate aim is the production of a drug treatment for
patients, the behaviour of the compound in a whole animal system is critical for its ultimate
efficacy. In medicinal chemistry, it is therefore important to control the pharmacokinetic (PK)
profile of compounds during the design process. Pharmacokinetics is the study of the

absorption, distribution, metabolism and excretion (ADME) of drug molecules."”’

To achieve activity in vivo from an orally administered drug, the compound must reach the site

of action at sufficient concentration, and thus must be orally bioavailable. The main
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requirements for this are solubility in gastrointestinal fluids, permeability across the gut wall,

and low first pass metabolism by the liver."”

The requirements for oral bioavailability can be measured in isolation during drug discovery to
aid compound design. Solubility may be measured in many relevant systems, the most
informative for oral dosing being fasted state simulated intestinal fluid (FaSSIF)."” This

provides a measure of solubility relevant to the likely site of oral absorption.

An estimate of the permeability of compounds can be gained using in vitro systems such as
artificial membrane permeability assays, Caco-2 cells, and PGP substrate assays."™ In

combination, these can be used to assess the intestinal permeability of molecules.

For oral dosing, moderating the clearance of compounds by the liver in the form of first pass

metabolism is critical for gaining good oral exposure. This can initially be estimated using in

1.82 1.83

vitro systems such as microsomal,"®" hepatocyte,'® and S9 fraction'™ stability assays.
Translation to an in vivo animal model allows the rate of clearance of the molecule from the

bloodstream to be measured, as well as the half life of the compound.

A full assessment of a compound’s suitability for oral dosing, which combines the parameters
described above, can be made by performing an orally dosed in vivo PK study. Oral
bioavailability F can then be determined, and is a dose-normalised ratio of oral to intravenous
AUC’s (areas under the curve) (Figure 1.30). The AUC is a measure of the quantity of the drug

in the body, and is the total area under the blood/plasma concentration—time curve.'™

AUC,, . dosey,
AUC;, dosep,

Figure 1.30: The method used to calculate oral bioavailability, F, in terms of the area under the

curve (AUC) and dose after intravenous (iv) and oral (po) dosing.

The AUC measured after oral dosing is impacted by both oral absorption of the compound
across the gut wall, and clearance of the compound from the blood. Measuring the
bioavailability, by comparing the AUC after oral and intravenous dosing, indicates the fraction
of the orally administered dose which enters the systemic circulation and is available to perform

its predicted biological effect.

As described previously (Section 1.4.3), the PK properties of a compound, such as its oral

absorption, may be improved by altering the physicochemical properties of the molecule. If
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these are not successful alternative strategies may also be employed, such as the design of
prodrugs of the active molecule. Prodrugs are pharmacologically inactive, or less active,
chemical derivatives of the drug which are transformed within the body in order to release the

: 1.
active drug molecule."®

The prodrug strategy has inspired the science of targeted drug discovery, where the chemical
modification of molecules alters their pharmacodynamic, as well as pharmacokinetic,
properties. This is achieved by modifications such as antibody-drug conjugates'* or esterase
sensitive motifs"®*” which result in molecules being targeted to specific tissues or cell types. In
these cases, the aim is to deliver a higher concentration of active compound to tissues of interest
than to the rest of the body. In contrast to the prodrug strategy, the delivered drug molecules
may retain a significant level of potency at the biological target. Targeted drug discovery, and
its application within these PhD studies, will be discussed further in Part III of this thesis
(Section 3.1).
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1.5 Areas for Research

In this thesis a number of approaches to epigenetic drug discovery are described, ranging from
probe development to the identification of a pre-clinical candidate. These focus on the design
and synthesis of small molecule BET bromodomain inhibitors. Ultimately, the aim of the
research described is the discovery of molecules which can be used as novel medicines to treat

patients with a high unmet medical need.

Part II of this thesis describes the identification of classic small molecule inhibitors of the BET
family of bromodomain-containing proteins. In particular, the design of molecules for oral
administration for use in oncology indications is described. This required a focus on balancing
potency and physicochemical properties, and subsequently pharmacokinetic profiles. The
ultimate aim was the identification of a molecule with a profile suitable for progression into pre-
clinical safety studies, and the implementation of an appropriate synthetic route to provide

material for these studies.

As a result of challenging pre-clinical safety findings within our laboratories, targeted drug
delivery strategies to increase the therapeutic index of BET bromodomain inhibitors were also
considered. To this end, Part III describes the design and synthesis of molecules containing
esterase-sensitive motifs (ESMs) to target the compound to a subset of cell types. The aim was
to establish whether ESM technology was applicable to BET bromodomain inhibitors by the
design of tool molecules. If in vitro biological studies proved successful, the aim would be to
identify molecules with profiles suitable for assessment in in vivo studies. The ultimate aim
would then be to identify a molecule suitable for pre-clinical evaluation. The identification and
biological profiling of these ESM-containing tool molecules would enable the value of ESM
technology in the BET area to macrophage-based diseases such as rheumatoid arthritis to be

assessed.
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PART | I:

BET BROMODOMAIN INHIBITORS
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Chapter 2

The Design and Synthesis of BET-Bromodomain

Inhibitors for Oral Administration

“... and it was all yellow.”

Yellow, Coldplay

Synopsis

At the time this work was undertaken, a lead compound from an oral BET bromodomain
inhibitor programme within our laboratory was undergoing preclinical toxicity studies. The
ultimate aim of these studies was to enable progression of this compound into patients with
NUT midline carcinoma, as the first step in a clinical expansion strategy.**' To mitigate the risk
of attrition of this compound, a back-up molecule in a structurally distinct series with an
equivalent biological profile was required. The profiles of compounds already synthesised
within the quinoline—isoxazole series were interrogated and a number of further analogues were
designed using the SAR knowledge gained from these interrogations, as well as the use of in
silico profiling. The potency of these compounds was analysed using biological screening, and
the more attractive compounds were profiled in a range of selectivity assays. From these
compounds a preferred molecule was identified and synthesised on a large scale to provide

material for a variety of in vitro and in vivo pre-candidate selection studies.
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2.1 Background

At the time the work described within this chapter commenced, a lead compound from the oral
BET bromodomain inhibitor programme, [-BET762 (2.01, Figure 2.02) was undergoing
preclinical toxicity studies. These studies included 28-day rat and dog toxicological evaluations
as part of a pre-clinical package initially aimed at progression of the compound into a clinical
trial for patients with NMC (Section 1.3.1). To mitigate the risk of attrition of the lead
compound, and safeguard future development opportunities in the highly novel BET
bromodomain area, a molecule in a structurally distinct series, with a profile suitable for clinical
development, was required. The backup compound could therefore replace the pre-clinical
candidate if structurally related, rather than mechanism related, toxicity was seen in pre-clinical
or clinical trials. It could also be used for progression into clinical trials for alternative BET
bromodomain implicated diseases if safety and efficacy data was supportive. This chapter will
deal with the work performed to identify a backup molecule from the quinoline—isoxazole

series.

For the back-up molecule, a number of stringent criteria were established, which are shown
below. These guarantee that the properties of the compound are comparable to, or better than,

the current pre-clinical candidate in terms of potency, selectivity and pharmacokinetic profile.

e Human whole blood (HWB) (IL-6 assay)™' pICs, > 6.5

e > 100 times selectivity over other known bromodomains
e Oral bioavailability in rat > 20%

e hERG pICsy < 4.0 in the in vitro FP assayA2

e CYP450 ICso > 3 UM across isoforms™

Figure 2.01: The desired profile for a compound to move into pre-clinical studies, and that

aimed for by the work described within this chapter.

At the commencement of the work described in this chapter, there had already been over 1300
compounds synthesised within the quinoline—isoxazole series within our laboratories. These
were predominantly the result of an earlier oral ApoAl agonist programme, as well as a
programme undertaken to identify intravenously administered BET bromodomain inhibitors. A

small number had also been specifically designed as oral BET bromodomain inhibitors. The

ALBL el rofer to in vitro assay protocols (A) and in silico modelling details (B), which are detailed in Appendix 1.
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biological profiles of all compounds previously synthesised were interrogated using the criteria
above to identify compounds already displaying the required profile, as well as attractive
starting points for optimisation. Data was extracted and manipulated using the in-house software
‘Helium for Excel’,**” and visualised using TIBCO Spotfire.*” The resulting shortlist of
compounds is shown below (Figure 2.02) along with the current lead molecule 2.01, and
comprises the compounds with the most attractive overall profiles. The biological and
physicochemical profiles of these compounds are also shown (Table 2.01). Details of the assays

used to generate the data are provided in Section 2.5.

Figure 2.02: I-BET762, 2.01, and the shortlisted 2.02-2.06. Compounds 2.02 and 2.05 are

racemic, and compound 2.04 is a single undefined enantiomer.
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Compound 2.01 2.02 2.03 204 | 2.05 2.06
mwt 423 450 477 483 443 458
clogP 2.4 1.7 1.8 2.0 1.8 2.2

BRD4 (n) pICs, 68(13) | 6.9(6) | 7.1(6) | 70(2) | 69(4) | 7.0(8)
HWB pICs (n) 62(12) | 64(4) | 6.6(4) | 702) | 61(Q2)| 6.4(6)

CYP450 IC5o (uM) All>50 | All>12 | All>6 N/A All>6 | All>15

CLND solubility (uM) 311 453 256 > 337 >391 387

44(3),
<4.0 (1)

hERG FP pICs, <43(13)] 42() | NA N/A | NA

Table 2.01: Profiles of the shortlisted quinoline—isoxazole compounds identified using the

desired compound criteria. The BRD4 potency was measured in an HTRF assay.™

Further analysis of these compounds clarified that the combination of suitable physicochemical
properties and human whole blood (HWB) potency was critical in identifying a suitable backup
compound from this series. Compounds with higher HWB potency, such as compound 2.04,
contained five aromatic rings. This is undesirable in a candidate molecule, since the number of
aromatic rings has been shown to correlate with an increased rate of attrition during

>0* Where an aromatic ring had been removed, compounds had lower HWB

development.
potency, with compound 2.03 being the most potent with a pICsy of 6.6. In addition, all of the
compounds identified had molecular weights at the higher end of what is desired for a candidate
molecule.”® The pharmacokinetic profiles of these compounds had not yet been investigated.
Compounds 2.02 and 2.05 had been synthesised as the racemate, and 2.04 as a single
enantiomer with undefined chirality. In these cases, single enantiomers of known configuration

needed to be prepared and profiled to progress the compounds further.*®

After this thorough review of the available data, a set of priorities for the design and progression

of compounds within the quinoline—isoxazole template was developed:
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Restriction of the number of aromatic rings to a maximum of four.
Prioritisation of compounds for synthesis with a lower molecular weight, ideally less
than 450.
Investigation of the SAR with a view to increasing the HWB potency, including:
o Position of heteroatoms in the R' and R? substituents (Figure 2.03).
o Effect of a-methyl branching in R' on potency.
o Introduction of n-character by using a cyclopropyl unit.>"’
Preparation of sufficient quantities of single known enantiomers of any compound of

interest before profiling further.

Establishment of the pharmacokinetic profile of lead compounds.
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2.2 Medicinal Chemistry Design of Compounds for Synthesis

A set of compounds for synthesis was designed by inspection of the existing SAR, as well as
physicochemical profiling. The compounds designed were restricted to changes at the R' and R
positions (Figure 2.03) and the core structure remained constant. Investigation of the quinoline—
isoxazole series was well advanced by this stage, and provided confidence that the core

structure was already optimal.

Figure 2.03: General structure, with changes to be made at the R' and R’ positions.

Analysis of available SAR suggested a small number of R' groups with the potential to improve

either the cellular potency or physicochemical properties of the molecules (Figure 2.04).

0
NH Kg Y Y
l,’ ’/' //\
Y N
2.07 2.08 2.09 2.10 2.11
408 408 394 380 364
2.1 1.8 14 24

Figure 2.04: Compounds designed to investigate effect on potency of small changes to R'. The
compound number (bolded) is followed by molecular weight (blue) and clogP (green).”’

In order to rapidly investigate the effect of changes at R', the compounds would be synthesised
in the imidazoquinolone series, where the final compounds can be accessed in only two steps
from an available intermediate. The 4-methyltetrahydro-2H-pyran of compound 2.07 is present
in compound 2.03, and a number of other potent analogues, and would be used to benchmark
the effect of the changes to R'. Any promising R' groups could be combined with attractive R?

groups in a second iteration of chemistry.
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The synthesis of compound 2.08 would identify whether altering the position of the heteroatom
within the tetrahydropyran ring would affect the potency. Compounds containing 3-
methyltetrahydrofuran (2.09) and 3-methyloxetane (2.10) may also have increased potency due
to the altered position of the heteroatom, as well as having reduced molecular weight and
lipophilicity compared to compounds 2.07 and 2.08. The cyclopropyl group in compound 2.11

has some m-character®"’

and, by analogy to compounds 2.04 and 2.05, may therefore have
increased potency. Compound 2.11 has significantly reduced molecular weight over compound

2.07, although the calculated lipophilicity is slightly increased.

Concurrently, a second set of compounds was designed to investigate the result of combining R’
and R? groups into the same molecule that had been seen individually, in previous SAR, to have
good cellular potency. The compounds designed after analysis of existing SAR and
physicochemical profiling, particularly focusing on molecular weight, clogP and number of

aromatic rings, are shown below (Table 2.02).

Compounds which were given a high priority for synthesis included 2.12 and 2.13, to determine
the effect of the a-methyl substituent, and compounds 2.14 and 2.16, which have among the
lowest molecular weights. Novel R? groups were also included for synthesis, such as a
cyclopropyl group to introduce n-character whilst maintaining a low molecular weight. Another
such example is the dimethylamino R* group to give a truncated version of the morpholine
compound 2.03. The dimethylamino has a more tractable synthesis than the morpholine
example, and also a lower molecular weight. For the novel R* groups, compounds 2.17 and 2.20
were prioritised for synthesis as direct analogues of compound 2.12, thus identifying the effect

of the R? changes on potency.

The compounds shown in Figure 2.04 and Table 2.02 were not an exhaustive list of those to be
synthesised. As data were produced, the SAR would be used to design changes likely to provide
a precandidate molecule that met the required criteria. In addition, compound 2.02, one of the
most attractive compounds already synthesised (Table 2.01), would be prepared as its two
constituent enantiomers and each profiled further. Compound 2.06 (Table 2.06), another with an
attractive profile, would be resynthesised in sufficient quantity for pharmacokinetic evaluation,
and the direct analogue with an additional a—methyl substituent, as seen in compounds 2.04 and

2.05, was also to be synthesised as SAR indicates that this change may increase potency.
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morpholine in 2.03.
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2.03. 2.04? potency, e.g. 2.02.
) Historically potent 2.12 2.13 2.02
Q non-aromatic R, 476 490 450
T e.g. 2.02 and 2.04. 35 38 33
Historically lowest 2.14 2.15 2.16
é mwt R” with good
¢ 436 450 410
i cellular potency,
e.g. 2.05 2.8 3.1 2.5
Novel R?, introduce 2.17 2.18 2.19
V nt-character whilst 432 446 406
|
keeping low mwt. 4.7 50 4.5
2
Novel R . truncated 2.20 2.21 2.22
N secondary amine,
N v 435 449 409
! analogous to
3.6 3.9 3.3

Table 2.02: Compounds designed on the quinoline—isoxazole core (Figure 2.04), with rationale

for selected R' and R’ groups. Each cell contains compound number (bolded) followed by

molecular weight (blue) and ACD clogP (green).”’
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2.3 Synthesis of Target Molecules

2.3.1 Scale-up of Key Intermediate 2.33

The majority of the compounds discussed in the subsequent sections within this chapter required
the same common 4-chloroquinoline intermediate, 2.33, as starting material. The synthesis of
this compound from commercial starting materials is described below and used chemistry which

had previously been validated within our laboratories (Scheme 2.01).

032003 |
HO_ OH | PEPPSI-SIPr 2.25 10 H,, Pd/C
B~ O:©\ 1,4-dioxane, water EtOAc, EtOH
_— > _— >
e
NO.
\OTN&* I NO, 83% ) 2 100%
2.23 2.24 2.26 2.27
£\ COE! .
CO,Et °

(0]
Ph,O
- N o0
96% H
o~ O
2.28 K
HNO3
Propionic acid
_—
72%
2.30 2.31
iPr iPr,
[\ POCI,
N_ N 75%
iPr T iPr
CI—PId-CI
N
]
N
PEPPSI-SIPr
2.25

Scheme 2.01: Synthesis of common intermediate 2.33, used throughout chapter 2.
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Compound 2.28 was synthesised elsewhere in our laboratory™® in three steps and 71% yield
from commercial starting materials. A Suzuki reaction between the boronic acid 2.23 and aryl
iodide 2.24 using PEPPSI-SIPr 2.25 as the catalyst gave compound 2.26 in 83% isolated yield.
The nitro group of compound 2.26 was reduced using palladium on carbon to form compound
2.27 in quantitative yield. This was reacted with diethyl ethoxymethylenemalonate to form
compound 2.28, in 86% yield, in preparation for the cyclisation to form the quinoline.>” At this
point, the synthetic route was continued as part of the work described within this thesis.
Cyclisation of compound 2.28 to form the 4-hydroxyquinoline 2.29 was performed in 96%
isolated yield by adding compound 2.28 to boiling diphenyl ether in an open flask, and stirring
for approximately 15 minutes. Continuing the heating beyond this point led to a significant
reduction in yield, apparently caused by the reaction mixture charring in the flask. Any attempts
to reduce the temperature, so the diphenyl ether was not at reflux, gave little conversion of

compound 2.28 to compound 2.29 and predominantly starting material remained.

The ethyl ester of compound 2.29 was converted cleanly into the acid 2.30 in 98% isolated yield
using aqueous sodium hydroxide. The acid 2.30 was decarboxylated in 88% isolated yield,
again by addition to refluxing diphenyl ether, to give compound 2.31.>'° As in the conversion of
compound 2.28 to compound 2.29, it was important to ensure the diphenyl ether was at reflux,
and to not heat for longer than 15 minutes, to avoid degradation. Compound 2.31 was nitrated
using nitric acid in propionic acid*'' to give compound 2.32 in 72% isolated yield. The material
was chlorinated in small batches as required, using phosphorus oxychloride, to give compound
2.33 in a typical yield of 75%. The eight steps from commercial starting material were
completed in 32% overall yield providing 7.3 g of compound 2.33. This synthetic route was

subsequently successfully scaled up by an outsourcing partner to give 58 g of compound 2.33.
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2.3.2 Synthesis of Imidazoquinolone Analogues

The synthetic route to the desired imidazoquinoline analogues was based on the use of a

Hofmann-type rearrangement, via quinoline-isoxazole intermediate 2.34.

R'NH,
(i) POCly DIPEA
—_— —_—
2.35-2.40
©/|(0AC)2
KOH
MeOH

2.07-2.11, 2.41

Scheme 2.02: Synthetic route used to synthesise imidazoquinolone analogues. The structures of

R’ that were synthesised are shown previously (Figure 2.04).

The imidazoquinolone analogues 2.07-2.11 and 2.41 were prepared in two steps from the 4-
chloroquinoline intermediate 2.34. The intermediate had been prepared on a large scale from
compound 2.30 via chlorination, followed by amide formation.>”® Compound 2.34 underwent
nucleophilic aromatic substitution (SyAr) with the appropriate aliphatic amines giving
compounds 2.35-2.37, and 2.39-2.40, in moderate yields (Table 2.03). Conventional heating in
NMP was used with DIPEA added to neutralise the hydrochloric acid produced.
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Conversion of 2.34 to Conversion of 2.35-2.40 to
Final
R' substituent 2.35-2.40. 2.07-2.09, 2.11, 2.41.
product
(Isolated yield, conversion) (Isolated yield, conversion)
0]
2.07 Kg (2.35) 71%, 92% 89%, N/A%
e
0]
2.08 (2.36) 50%, 81% 67%, 91%
'
(0]
2.09 gﬁ (2.37) 56%, 91% 84%, 90%
Y
0]
2.10 Y (2.38) Failed, 0% conversion. N/A
Y
2.11 Y (2.39) 67%, 80% N/A, 90%
-
2.30 (2.29) 14%, 21% 24%, 65%

Table 2.03: The reaction conversion and isolated yields for the synthesis of compounds 2.07—
2.11 and 2.41, using the synthetic route shown in Scheme 2.02. The isolated yield is shown in
blue; the conversion by LCMS of the reaction mixture is shown in green. The isolated yield for

compound 2.11 is not shown as only a portion of the crude material was purified.

Compounds 2.35-2.37, 2.39 and 2.40 were then converted to final products 2.07-2.09, 2.11, and
2.41 in moderate yields (Table 2.03). Conditions were identified for the conversion,'* and the
reaction proceeds via a Hoffman-type rearrangement using hypervalent iodine and potassium

hydroxide.*"* The proposed reaction mechanism for this reaction is shown below (Figure 2.05).
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Figure 2.05: Reaction mechanism for the formation of imidazoquinolone analogues using

hypervalent iodine via a Hoffman—type rearrangement.

The majority of the planned compounds were successfully synthesised using the chemistry
described. The only compound that was not successfully synthesised using this route was
compound 2.10. In this case, the nucleophilic aromatic substitution using oxetanylmethanamine
was unsuccessful, and the starting material 2.34 had been completely converted to the 4-
hydroxyquinoline side product. It was possible that the amine was not sufficiently nucleophilic,
or was of poor quality. The synthesis of this compound was not investigated further due to the

reduced potency of the S-membered 2.09 over the six-membered 2.07 (Section 2.5).

One further compound, 2.41, was synthesised in addition to those originally designed (Figure
2.04). Addition of the a-methyl substituent in similar compounds showed some increase in
potency, so it was added to compound 2.07 to identify if this SAR transferred to the
tetrahydropyran analogues. The amine starting material 2.55 had been previously synthesised

2.08

elsewhere in our laboratory™ " using the route described in Section 2.4.4 (Scheme 2.05).

2.3.3 Synthesis of Imidazoquinoline Analogues

The route to imidazoquinoline compounds where R? was carbon-linked to the core was based on
an acid-catalysed benzimidazole cyclisation reaction. The N-substituent was to be installed prior
to cyclisation in an SyAr reaction, avoiding the need to alkylate the ring system and separate the

isomers which would be formed.
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Where R? was carbon-linked to the triaryl core, the majority of the imidazoquinoline analogues
were synthesised using the synthetic route above (Scheme 2.03). The 4-chloroquinoline 2.33
underwent SyAr with the appropriate amine R'NH, to give compounds 2.42-2.45 with varying
isolated yields from 23-85% (Table 2.04). This displacement was facile due to the ortho-nitro
group, but despite similar conversions by LCMS, the yields of compounds 2.42, 2.44, and 2.45
varied due to the low solubility of the products causing difficulties in the isolation of material.
The amine used to synthesise compound 2.43 contained large amounts of water, accounting for
the low conversion and yield of this reaction and the presence of significant amounts of the 4-
hydroxyquinoline side—product. The synthesis of this amine is discussed further in Section

244,

R'NH,

DIPEA

NMP

0
2.33 2.42-2.45
H,, 10% Pd/C
EtOAc, EtOH
or
SnCl,, EtOH
0 0

0 R2J\C| o RZJ\OH

Pyridine, DCM HATU, DIPEA, DMF

(i) AcOH

212, 2.13, 2.14, 2.16, 2.17, 2.19. 2.46-2.48

Scheme 2.03: Synthetic route used to synthesise imidazoquinoline analogues 2.12, 2.13, 2.14,
2.16, 2.17, 2.19.
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Product R' substituent Isolated yield, conversion by LCMS

0]

2.42 85%, 79%

2.43 19%, 31%

2.44 HPJ\/ 62%, 93%
7
2.45 Y 23%, 92%

Table 2.04: The conversion and yields for the synthesis of compounds 2.42—2.45 by SyAr.

Compounds 2.42-2.44 were reduced to compounds 2.46-2.48 (Table 2.05). Reduction was
initially performed using an H-cube flow apparatus with a 10% Pd/C catalyst cartridge, in yields
of 16-96%. During the reduction of compound 2.42, the low solubility of both the starting
material and the product caused a blockage in the H-cube flow apparatus and some material was
lost. The reduction was subsequently repeated using tin (II) chloride, refluxing the reaction
mixture in ethanol, and this increased the isolated yield to 96%. Compound 2.45 was not

reduced as a different synthetic route was used to produce the final products (Scheme 2.04).
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Compound | R' substituent | Reduction conditions | Isolated yield
0 10% Pd/C, H-cube™ 16%
2.46

SnCl, 96%

FAN
2.47 10% Pd/C, H-cube™ 93%

5
2.48 J 10% Pd/C, H-cube™ 96%

<

Table 2.05: The synthesis of compounds 2.46—2.48, via reduction with Pd/C or SnCl,. The

isolated yields of the reactions are shown.

Compounds 2.46-2.48 were converted to the final products shown below (Table 2.06) via
amide formation followed by a dehydrative imidazole ring closure. The amide formation
proceeded via reaction of the bis-amine 2.46-2.48 with either the appropriate acid chloride or
activated acid, formed from the acid using HATU. After the amide intermediate was isolated,
the cyclisation was performed by heating in acetic acid to give the final compound, except in the
case of compound 2.14. In this instance, the cyclisation was almost complete (91% by LCMS)
during the isolation of the intermediate. This had occurred whilst the solvent was being removed
in a nitrogen blow down apparatus at 45 °C after the MDAP purification. The solution being
removed was a mixture of 10 mM ammonium bicarbonate in water (adjusted to pH10 with
ammonia solution) and acetonitrile. This cyclisation was not seen at a significant level (over
10% by LCMS) in any of the other isolations; this does not seem to be for any obvious
structural reason and it was speculated that a lower nitrogen flow in the case of compound 2.14

may have led to the solution being heated in solution for significantly longer.

Compounds 2.13, 2.14, 2.16, 2.17 and 2.19 were successfully produced using this methodology.
In addition, compound 2.12 was isolated from an impurity generated during the synthesis of
compound 2.13. This impurity was due to impure amine 2.55 (synthesis described in Scheme
2.05) being used in the SyAr reaction to form compound 2.43, and the impurity being carried

through the synthetic route.
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, ) Overall yield of amide
Compound | R substituent R” substituent
formation and cyclisation.
0]
2.12 Q N/A*
) e
|
2.14 , (0 529%
A T
2.17 V 37%
[
0]
2.13 15%
i
6
2.16 | 21%
Lo
2.19 A V 69%
[

Table 2.06: The synthesis of final compounds, via amide formation and dehydrative cyclisation,

for biological screening. The isolated yields over the two steps are shown. *The isolated yield

for the formation of compound 2.12 cannot be calculated as the compound was synthesised

using an impurity isolated during the formation of compound 2.13.

After the synthesis of the compounds above (Table 2.06), an alternative method (Scheme 2.04,

below) was trialled to improve the initial route, and this was used to synthesise compounds 2.49

and 2.50.>"* This method is described in more detail in a subsequent part of this thesis (Section

3.4.2.2), where it was used extensively. Compound 2.45 was converted directly to the final

products 2.49 and 2.50, using the appropriate aldehyde and sodium hydrosulfite (Scheme 2.04),
in 27-30% isolated yield.
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0]

JQ

R?""H

N828204
EtOH, H,0

0
245 249R?= Q 27%
AN

250R2= A\ 30%

Scheme 2.04: Alternative synthetic route used to synthesise compounds 2.49 and 2.50.

The overall yield of the final compounds 2.49 and 2.50 from the common intermediate 2.33 is
therefore higher than for most of the compounds prepared using the original synthetic route
(Scheme 2.03). Additionally, this route removed two steps from the synthesis of each target
molecule, resulting in significantly faster synthesis of the final compounds. However later work

(Section 2.4.4) showed that these conditions were not always successful.

2.3.4 Synthesis of Enantiopure g-Methyl Tetrahvdropyvran Analogues

The racemic amine used in the SyAr reaction to form compound 2.43 had previously been
synthesised within our laboratory>® using aldehyde 2.51 as the starting material (Scheme 2.05).
The aldehyde was reacted with methylmagnesium bromide in a Grignard reaction to insert the
methyl group. The resulting racemic alcohol was converted to the amine 2.55 via mesylation,
reaction with sodium azide, and reduction. Attempts to reproduce the mesylation when aiming
to synthesise compounds as part of these PhD studies led to difficulties in both formation of the
mesylate, and stopping the conversion of the mesylate to the chloride. In addition, the final
amine 2.55 also contained a large amount of water from the reaction work-up, leading to poor
yields in the subsequent SyAr process as significant production of the 4-hydroxyl side-product
of compound 2.33 was seen. The final amine 2.55 was also contaminated with the des-methyl
(tetrahydro-2H-pyran-4-yl)methanamine, an impurity carried through from unreacted aldehyde

2.51 during the Grignard reaction.
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o MsClI o)
3M MeMgCl, THF DIPEA NaN3 H,, Pd/C
Et,O _bcm DMF EtOAC
84% 89% 86% 95%
H™ ™0 NH,
2.51 25 2.53 2.5 2.55

Scheme 2.05: Synthesis of racemic I-(tetrahydro-2H-pyran-4-yl)ethanamine 2.55.>"

Due to the lack of reproducibility of this route, and encouraging data seen for both the racemic
compound 2.13 and the R-enantiomer of compound 2.02 (compound 2.67) (Section 2.5.2), it
was decided to investigate an enantioselective synthesis of the R-enantiomer of compound 2.13,
as well as enabling the R-enantiomer of amine 2.55 to be available for the synthesis of further

analogues if required. The S-enantiomer was also synthesised for analytical comparison.

A route was designed using chiral 2-methylpropane-2-sulfinamide, compound 2.56-R and 2.56-

S, as chiral auxiliaries, based on methodology described in the literature (Scheme 2.06).*"

NH,

|
RSN or
>N oK T o j<
2.56-S 256
—_ H \N
Pyridinium p-toluenesulfonate L,

H™S0  mgso, o j<
DCE 3 M MeMgBr in THF

2.51 to form 2.57-R (using 2.56-S): 44%

R: 2.57-R DCM
to form 2.57-8 (using 2.56-R): 37% S: 2.57-S
R: 53%

S: 79%
(0] o (o)
4 M HCl in 1,4-dioxane
Methanol
. ‘ or
NH; HCI R: 96% w ZL—I 214
. 0, -
R: 2.59-R S:94% " j< 0”7
S: 2.59-S
2.58-R 2.58-S

Scheme 2.06: Synthetic route used to prepare the enantiopure amines 2.59-R and 2.59-S.

The chiral sulfinamides 2.57-R and 2.57-S were formed using the commercially available

aldehyde 2.51 and chiral auxiliaries 2.56-S and 2.57-R respectively. The Grignard reagent,
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methylmagnesium bromide, was delivered selectively to form compounds 2.58-R and 2.58-S.
The proposed reaction mechanism is shown below for the preparation of compound 2.58-R
(Figure 2.06). In the proposed chair transition state, the larger tetrahydropyran (THP) and
tertiary butyl (‘Bu) groups are fixed in equatorial positions. Coordination of the magnesium of
methylmagnesium bromide with the sulfinamide oxygen holds the two reacting partners in the
configuration which would produce the R-enantiomer at the reacting centre. Removal of the
chiral auxiliary under acidic conditions produced the required R-amine 2.59-R in 96% yield,

and S-amine 2.59-S in 94% yield, as hydrochloride salts.

H 4
N G , R 1 st
SO . — N~/ By
™Y val [/ Bu THP MgH.
/MgJ:L‘ 3 ~O
/ Br
) H|
2
THP
”R”‘
3 \\\\‘\\\ N}-i
H, +
.S
o g,

Figure 2.06: The enantioselective Grignard reaction used to form compound 2.58-R (Scheme

2.08). A pale grey line is used to show the chair structure, where a bond is not present.

The chiral amines 2.59-R and 2.59-S were successfully used in an SyAr reaction with
intermediate 2.33 to produce compound 2.60-R in 67% yield and compound 2.60-S in 87%
yield (Scheme 2.07). This is consistent with the yields seen in this reaction previously (Table
2.04). These intermediates were analysed using chiral analytical HPLC to confirm an
enantiomeric excess of >99% in both cases, and that they were opposite enantiomers. The final
compound 2.61-R was prepared directly from the described intermediate using sodium
hydrosulfite, as previously described (Scheme 2.04). This reaction gave only a very low isolated

yield of 2%, which was consistent on repetition of the reaction.

The product 2.61-R was isolated and submitted for biological screening, and the synthetic route

would be revisited if the results were promising. Use of the route containing the acid-catalysed
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cyclisation reaction may give a higher overall yield. Compound 2.61-S was not isolated due to
the failure of the benzimidazole cyclisation reaction. The synthesis of compound 2.61-S was not
repeated as this was the less desired enantiomer, and the chiral purity of compound 2.60-R had

already been confirmed by comparison with compound 2.60-S during the previous reaction.

O o)
R: 2.59-R
) S: 2.59-S
NH, HCI | “SNH
DIPEA NO,
NMP
R: 61% N
S: 87% v
2.33 ° 0 R: 2.60-R
S: 2.60-S
\O N828204
Oﬁ EtOH, H,0
O R: 2%
S: failed
o)
0

R: 2.61-R
S:2.61-S

Scheme 2.07: Route used to prepare chirally pure compound 2.61 for biological profiling.

2.3.5 Synthesis of Dimethylamino Analogue

The morpholino-compound 2.03 was one of the most promising compounds identified at the
outset of this work (Table 2.01). Resynthesis to provide material for hERG screening and
pharmacokinetic profiling was attempted by a number of methods (below), but sufficient

material could not be obtained.

e Scale—up of original reaction: formation of the 2-chloroimidazole from the imidazolone
using phosphorus oxychloride and phosphorus pentachloride, followed by reaction with

morpholine.*'® This had previously been performed in 2% isolated yield.”®
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e Addition of N,N-dimethylaniline*'” to the 2-chloroimidazole formation.

e Phosphorus oxybromide to form the 2-bromoimidazole, and react with morpholine.*'*

At this stage a decision was taken to prepare the more synthetically accessible, and more
attractive in terms of physicochemical profile, dimethylamino analogue 2.20 to provide some
indication of the biological profile of a similar molecule. This would also provide insight into
whether more resource should be dedicated to the synthesis of the morpholine analogue.
Compound 2.20 was prepared in one step (Scheme 2.07) from the previously described
intermediate  2.46 (Scheme 2.03) by heating with commercially available N-—

(dichloromethylene)~N-methylmethanaminium chloride under microwave conditions.>"

0 0
~p”
X e
¢l
NH _ N—
MeCN
7%
2.46 2.20

Scheme 2.08: Synthetic route used to dimethylamino analogue 2.20 for biological profiling.

The isolated yield of the reaction was 77% and, as well as providing compound 2.20 for
biological profiling, this approach also identified a possible method for formation of compound

2.03, as the corresponding morpholine reagent is known in the literature.>*°

2.3.6 Remake of Compound 2.06 and its a-Methyl Analogue 2.66

Compound 2.06 was resynthesised for evaluation of its hERG channel inhibition, as well as for
rat pharmacokinetic studies. As addition of an R-methyl group alpha to the pyridine ring
improved potency of a wide range of analogues previously prepared in this series, compound
2.66 was also prepared. These analogues were prepared using the route established elsewhere
within our laboratories during the initial synthesis of compound 2.06, using the commercially

available isothiocyanate shown (Scheme 2.08).
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| X
N/ : NH2
R
1,4-dioxane
2.33 262R=H, 73%
2.63 R =Me, 92%
SnC|2
EtOH
C\\N/\/O\
EtOH
(i) EDC, THF
206 R=H, 2% 264 R =H, 36%
2.66 R = Me, 19% 2.65 R = Me, 56%

Scheme 2.09: Route used to synthesise compound 2.06, and its a-methyl analogue 2.66.

Compounds 2.62 and 2.63 were prepared in 73% and 92% isolated yield via an SyAr reaction
from the previously described chloro-quinoline intermediate 2.33 and commercially available
amines. The DIPEA-NMP conditions used previously (Scheme 2.03) were replaced with
heating in 1,4-dioxane without any base present. The nitro group was successfully reduced
using tin chloride in ethanol, to give compounds 2.64 and 2.65 in 36% and 56% isolated yield,
respectively. These were reacted with 1-isothiocyanato-2-methoxyethane in ethanol, followed
by EDC in THF, to give the final products 2.06 and 2.66 in 2% and 19% yield, respectively. The
yield of 2.06 is only 2% as only a portion of the crude reaction mixture was purified to the high
standard required for the subsequent biological profiling; if this were extrapolated to

purification of the whole reaction mixture, an overall yield of 17% would be predicted.
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2.3.7 Separation of Enantiomers of Compound 2.02

Compound 2.02 had been identified as one of the compounds with the most attractive profile
(Section 2.2). To progress this compound further, access to its constituent enantiomers would be
required.*”® This would enable identification of whether one enantiomer was more potent, as
would be expected from previous SAR in the quinoline-isoxazole series, and also allow the

selectivity and pharmacokinetic profile to be determined for the preferred enantiomer.

/
3 0
/Z Chiral HPLC
\
N
|

A

—

N

O™ N

2,02 2.67 2.68

Scheme 2.10: Separation of compound 2.02 into its constituent R-(2.67) and S-(2.68)

enantiomers.

Compound 2.02 was separated into the R-enantiomer 2.67 and S-enantiomer 2.68 (Scheme
2.10). The separation was performed by preparative chiral HPLC, with a Chiralpak AD-H
column and a heptane/ethanol mobile phase. This purification gave compound 2.67 in 46%
yield and 97% enantiomeric excess (ee), and compound 2.68 in 45% yield and > 99% ee. The
chirality of the compounds was originally assigned as unknown but opposite; later X-ray
crystallography of compound 2.67 (Figure 2.13), as well as comparison with material made

from optically pure starting materials, identified this as the R-enantiomer.
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2.4 Biological Results and Analysis

To assess whether the compounds synthesised in this chapter met the criteria set out at the
outset (Section 2.2), they were profiled in a range of biological and physicochemical assays

(Figure 2.07).

Compound Synthesis

h 4

BRD4 HTRF assay

PBMC assay

W

HWB assay

Figure 2.07: Primary screening cascade displaying the assays used to profile the compounds

synthesised in Section 2.4.

Initially, the potency of the compounds at BRD4 was measured using a homogeneous time
resolved fluorescence (HTRF) assay.”* In this assay, HTRF is used to measure binding of the
tetra acetylated histone H4 peptide to the protein. The protein:protein interaction is detected
through binding of the labelled peptide to tagged BRD protein. The tight-binding limit of the
BRD4 HTREF assay is a pICs, of 7.3.

The effect of the compounds on the production of IL-6 in peripheral blood mononuclear cells
(PBMC)™ and in human whole blood (HWB)*' was also measured. In the PBMC assay,
PBMC’s were incubated with appropriate concentrations of compound and then stimulated with
LPS overnight. The reduction in the level of IL-6 produced was quantified to generate a pICsy.
The HWB assay was performed in a similar way to the PBMC assay, where the effect of the
compound on the production of IL-6 was measured. The PBMC assay was used as a
downstream measure of BRD4 inhibition and also requires the compound to be cell-penetrant.
In the HWB assay, as well as the compound needing to be cell-penetrant, the effect of the other

constituents in the blood, such as plasma proteins, also impacts potency.
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2.4.1 Primary Data for Imidazoquinolone Compounds

The compounds prepared within the imidazoquinolone series were profiled in the BRD4 HTRF

assay, as well as the programme’s PBMC and HWB assays (Table 2.07).

General structure

) BRD4 HTRF PBMC HWB
R
pICso (n) pICso (n) plCso (n)
(0]
2.07 §/7 6.7 (10) 6.7 (12) 5.5Q2)
e}
2.08 6.7 (8) 5.9 @4) 5.8(2)
(@]
2.09 §; 6.4 (4) 5.4 4) 54(2)
2.11 Y 6.6 (6) 6.4 (4) 52(2)
O,
2.41 §/> 6.7 (6) 6.7 (8) 6.1 (2)

Table 2.07: Biological assay results for compounds synthesised within the imidazoquinolone

series.

All compounds prepared within this series had pICsy’s of 6.4-6.9 in the HTRF assay measuring
potency against BRD4; this range of variation was within the error of the assay. We therefore
used the PBMC and HWB assays to distinguish between the biological effectiveness of the
compounds. Compound 2.07, containing the baseline 4-substituted tetrahydropyran, had a pICs,
of 6.7 in the PBMC assay, whereas the 3-substituted tetrahydropyran 2.08 had a lower pICs, of
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6.0. As the HWB potency of the two compounds was similar, it was believed that the 3-
substituted tetrahydropyran offered no advantage, and this group was not investigated further.
Compound 2.09, containing the 3-tetrahydrofuran, also had lower PBMC and HWB potency

than compound 2.07 and therefore it was also not investigated further.

The cyclopropylmethyl-containing compound 2.11 had PBMC and HWB potency that were
both slightly lower than compound 2.07. As this was within the error of the assay, and
introduction of the cyclopropylmethyl rather than the tetrahydropyran reduced the molecular
weight of the compound, this substituent was of interest and therefore subsequently further

examples (2.49 and 2.50) were synthesised within the preferred imidazoquinoline series.

The introduction of the a-methyl into compound 2.07 to give 2.30 gave similar potency in the
PBMC assay, and an increase in pICsy from 5.5 to 6.1 in the HWB assay. This supported the
initial hypothesis that introduction of the a-methyl may lead to an increase in potency, and
further examples (2.13 and 2.61) were therefore subsequently synthesised within the

imidazoquinoline series.

2.4.2 Primary Data for Imidazoquinoline Compounds

The compounds prepared within the imidazoquinoline series were profiled in the BRD4 HTRF
assay, as well as the programme’s PBMC and HWB assays (Table 2.08).

As for the imidazoquinolone compounds, all compounds prepared within the imidazoquinoline
series had similar pICsy’s in the HTRF assay, in this case between 6.7 and 7.5. Therefore, the
PBMC and HWB assays were, again, used to distinguish between the effectiveness of the

compounds.

Substructure of compounds in Table 2.08 overleaf.
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. R BRD4 HTRF PBMC HWB
pICS() (l'l) pIC50 (n) pIC50 (l'l)
/ o
2.02 WO) ) 6.9 (6) 6.9 (6) 6.4 (4)
d o)
2.67 7 ) 7.1 (26) 7.0 (12) 6.5 (24)
/ o)
(0]
2.68 ,7 ) 6.7 (4) 6.3 (4) | not tested
N / d
2.06 Y i 7.0 (8) 7.0 (6) 6.4 (6)
N / d
2.66 } e 7.1 (4) 7.5(2) 6.8 (4)
° (0]
2.12 C ) 73(2) 7.0 (4) 6.3 (4)
© (@]
2.13 ) 6.9 (4) 6.7 (2) 6.7 (4)
2.61 ° 0
< > 7.5Q2) 8.0(2) not tested
-R el
(0]
/
2.14 §/> 0 6.8 (4) 6.4 (4) not tested
/ /
2.16 0 6.6 (4) 6.2 (4) not tested
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R! . BRD4 HTRF PBMC HWB
pICso (n) pICso (n) pICso (n)
o
2.17 g/y l> 7.0 (4) 6.9 (4) 5.8(2)
J
2.19 MJ l> 6.7 (4) 6.4 (4) 5.52)
o
2.20 g/y EN— 7.1 (4) 7.4 4) 6.6 (2)
o)
2.49 Y Q 6.8 (4) 6.7 (4) 5.712)
2.50 Y l> 7.0 (4) 6.4 (6) 52(12)

Table 2.08: Primary biological results for compounds synthesised within the imidazoquinolone

series.

The two enantiomers 2.67 and 2.68 of the racemic 2.02 showed different potency in the PBMC
assay, with the R-enantiomer 2.67 being around 5-fold more potent. This was consistent with
previous SAR in the series, where a-methyl substituted pyridines analogous to compound 2.04
were more potent as the R-enantiomer. Compound 2.67 also had a pICsy of 6.4 in the HWB

assay, and was therefore selected as a compound for further profiling (Section 2.4.3).

Addition of the a-methyl to compound 2.06, giving compound 2.66, also gave an increase in
potency in the PBMC and HWB assays. The compounds appeared equipotent in the HTRF
assay, but this can be attributed to their potency being at the tight binding limit of the assay.
Both these compounds were selected for further profiling (Section 2.4.3).

The effect on potency of the a-methyl in compound 2.13 compared to compound 2.12 is less
clear. Compound 2.12 itself was borderline in terms of the required HWB potency, and was
therefore selected for further profiling (Section 2.4.3). Compound 2.13 was prepared
enantioselectively as the R-enantiomer to give compound 2.61, but although this seemed to give

a significant increase in potency, the synthesis had been sufficiently lengthy that by the time this
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data was generated other compounds had already shown the desired compound profile. This
compound was therefore not progressed further. In addition, the PBMC data for compound 2.61
was not consistent with that for compound 2.13, and more test occasions would have been

needed to confirm the robustness of the data.

Compounds with the R' group as tetrahydropyran (cf. compound 2.12) or as
methoxyethanamine (cf. compound 2.02), where R* was C-linked to the imidazole and reduced
in size, all showed a significant drop in potency. The methoxymethyl R? analogues 2.14 and
2.16 showed lower potency in the PBMC assay than compounds 2.12 and 2.02, respectively.
The cyclopropyl R” analogues 2.17 and 2.19 showed correspondingly lower potency in the
HWB assay. These compounds were not profiled any further. In compound 2.20, however,
containing the N-linked dimethylamino R* group, the compound showed encouraging data in
both the PBMC (pICso = 7.5) and HWB (pICsy = 6.6) assays. This compound was therefore
taken forward for further profiling (Section 2.4.3).

The remaining two compounds profiled, 2.49 and 2.50, both contain cyclopropylmethyl groups
at R'. In both cases the HWB potency was reduced compared to their tetrahydropyran analogues

2.12 and 2.17, and therefore these compounds were not progressed further.

2.4.3 Secondary Data for Compounds of Interest

Compounds identified that showed sufficient potency in the HWB assay were the chirally pure
2.67, the bis-THP 2.12, as well as the N-linked imidazolo-compound 2.06, its a-methyl
analogue 2.66, and the dimethylamino 2.20. These compounds were profiled further, in order to

select a molecule that met the criteria for further progression (Figure 2.08).

Compounds of interest

S

-y
CYP450 isoform assays hERG in vitro assay

Rat iv/po PK study

Figure 2.08: Secondary screening cascade displaying the assays used to profile the compounds

identified as having sufficient potency in the PBMC and HWB assays.
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o)
\
N_
<'> | N~
o} X N
74 —
Mo N N
o)
2.67 2.06 2.66 2.12 2.20
2C19 > 50 2C19=139.8 2C19=6.3 2C19=15.8 2C19=6.3
2C9 > 50 2C9=31.6 2C9=79 2C9=398 2C9=13
CYP450
2D6 > 50 2D6 > 50 2D6 > 50 2D6 > 50 2D6 > 50
ICs0 (M)
3A4VR > 50 3A4VR > 50 3A4VR > 50 3A4VR > 50 3A4VR > 50
3A4VG>25.1 3A4VG =158 3A4VG =179 3A4VG =251 3A4VG=10.0
hERG
4.4 (2) 4.4(3),<4.0(1) Not tested 42 (2) <4.0(2)
pICs (n)

Table 2.09: Secondary data generated on compounds of interest. Potency in the CYP450™ and hERG™ in vitro assays are shown. The compounds were

tested against a variety of CYP450 isoforms: 142, 2Cl19, 2C9, 2D6, and 344 (vivid red, VR, and vivid green,

VG assay formats).
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Compounds were profiled in in vitro hERG and CYP450 assays to identify compounds which
had potential in vivo safety issues and therefore could not be taken forward for development.
The level of inhibition at the various CYP450 isoforms was measured in a FLINT (fluorescence
intensity) assay.*® The level of hERG inhibition was measured in an FP (fluorescence
polarization) assay"? where compounds compete with a fluorescent ligand to bind to the hERG

ion channel. The data generated on the compounds is shown below (Table 2.09).

An ICsy of greater than 3 uM was desired at all CYP450 isoforms tested to progress a
compound into development. This is to reduce the risk of adverse drug—drug interactions due to
the compound affecting metabolism and clearance of co-administered drugs by the P450
enzymes. It was pleasing to see that compounds from this series showed attractive P450
inhibition profiles. Of the compounds tested, only compound 2.20 did not meet the criteria with

a potency of 1.3 pM at 2C9, and therefore this compound was not progressed further.

All compounds that were tested in the hERG FP assay showed a low potency, with all pICs
values below 4.5. This level of activity was deemed acceptable for further progression, and
further studies would be performed on any compound that was progressed into development,

including an in vitro hERG PatchXpress assay and in vivo dog cardiovascular studies.

Based on all the data generated, compounds 2.67 and 2.06 were selected to be profiled in rat
pharmacokinetic studies. Compound 2.12 had a very similar profile to compound 2.67, and
therefore only one of these compounds was taken forward. Compound 2.67 was chosen as it had
a significantly lower clogP (1.7 vs. 3.5), and a slightly lower molecular weight (450 vs. 476)
and therefore better drug-like physicochemical properties. Compound 2.06 was chosen over the
structurally similar 2.66 due to the more attractive CYP450 profile, and compound 2.66 would

then be profiled later if the results for compound 2.06 were encouraging.

From the data generated, in vivo clearance and half-life in rat, as well as oral AUC and

bioavailability, were determined (Table 2.10).
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2.67 2.06

Cl, (ml/min/kg) 20 32
LBF 22% 35%

Vs (I/kg) 2.2 3.0

t,, (i.v.) (h) 1.4 1.8

Coax (p-0.) (ng/ml) 665 218
AUC iyt (p-0.) (ng.h/ml) 1931 976
F 74% 64%

Table 2.10: Pharmacokinetic profile of compounds 2.67 and 2.06 in rats. Intravenous dosing
was by infusion at 1 mg/kg (2.67) or 1.5 mg/kg (2.06), oral dosing was at 3 mg/kg. Compound
2.67 was dosed to three male Wistar Hans rats intravenously and orally, compound 2.06 was
dosed to one male CD rat intravenously and three male CD rats orally. Cl, denotes the blood
clearance and LBF the clearance as a percentage of liver blood flow. V is the volume of
distribution, t,, the half life, C,, the maximum concentration, AUC the area under the curve,

and F the bioavailability.

Both compounds 2.67 and 2.06 had low to moderate intravenous blood clearance which would
be suitable for progression of the molecules in in vivo safety studies. Both compounds also
showed high oral AUC’s, resulting in good oral bioavailability. However, as compound 2.67
had the higher AUC, lower clearance, and cleaner CYP450 profile than compound 2.06, as well
as a lower aromatic ring count, this was selected as the preferred molecule for further

development.
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2.5 Scale-Up of Lead Molecule 2.67

To fulfil further studies on compound 2.67, a medium scale synthesis to provide a minimum of
6 g of high quality material was required. This material would supply a package of studies
required to identify whether the compound could be progressed towards pre-clinical
development. The key compound-intensive studies were the Ames>*' and MLA*** genotoxicity
screens (350 mg), dog DMPK studies (1.0 g), dog cardiovascular studies (1.5 g), formulation
and developability testing (900 mg), and rat 7-day safety studies (1.0 g). The remaining material

was used to cover a wide range of in vitro and in vivo efficacy and selectivity studies.

Due to the short timescale available to provide material, a similar route and conditions to those
described previously (Scheme 2.03) were employed to synthesise the compound. However,
where possible, the reaction conditions and purification were optimised to achieve as favourable
an overall yield as possible. The synthetic route and reagents used after the optimisation of

conditions are shown below (Scheme 2.11).

(@)
NO \o/\{NHz H,, 10 % Pd/C J\
2 EtOAc, DMSO NH
N e
1,4-dioxane -cube
o8% 66%
(0]
2.33 2.44
(0]
Pyridine,
cl DCM
o 100%
/ (0] O/ (0]
p-TSA

chiral Toluene
separation | N—} Dean-Stark
-t -

o 74%
~
2.67 2.02 2.69

Scheme 2.11: Synthetic route used to prepare large—scale batch of the lead molecule 2.67 after

optimisation of conditions.
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The SNAr reaction to convert compound 2.33 to compound 2.44 had previously been performed
in NMP using DIPEA to quench the hydrochloric acid produced. The removal of NMP on a
large scale would be likely to be problematic, so the solvent was changed to the lower boiling
1,4-dioxane. Instead of the addition of DIPEA, the cheap and readily available 1-
methoxypropan-2-amine was used in excess (5 equivalents), and the reaction proceeded in 1.5
hours at 70 °C. To isolate the desired product, the solvent was removed under reduced pressure
and a simple aqueous workup was performed. These optimised conditions provided compound

2.44 in a 98% isolated yield.

The hydrogenation of compound 2.44 to form the bis-amine 2.48 was problematic due to the
low solubility of both the starting material and product making the H-cube flow apparatus prone
to blockages. In addition, hydrogenation using standard apparatus had been seen to cause
reduction of the isoxazole ring as a significant side-product on a number of close analogues.
Previously, where low solubility precluded use of the H-cube, tin (II) chloride was used as a
reducing agent. However, as the material was to be used for in vivo toxicity studies the

introduction of tin into the synthetic route was deemed inappropriate for toxicity reasons.

After testing the hydrogenation on a small scale using a number of solvent systems (including
methanol, ethanol, ethyl acetate and DMSO), 5% DMSO in ethyl acetate was selected as it gave
the best results. The addition of DMSO significantly increased the solubility of both the starting
material and product in solution, and 5% DMSO is the maximum concentration that can be
tolerated by the H-cube apparatus without damaging the interior of the equipment. In addition,
the hydrogenation was tested using a solution of compound 2.44 in ethyl acetate that had not
been isolated as a solid from the aqueous workup performed during the SyAr reaction. Although
this material appeared to be in solution at the start of the hydrogenation, the H-cube blocked
quickly during the reaction, presumably due to the low solubility of the product.

Further optimisation in subsequent scale-up campaigns®* identified iron in acetic acid as the
preferred reduction method, giving an isolated yield of 93%. In attempts to progress this
chemistry in a timely fashion, it was decided to proceed with the best option available to us at
this point. The hydrogenation was performed on a large scale using H-cube apparatus, 10%
Pd/C catalyst cartridges, and 5% DMSO in ethyl acetate as the solvent. Blockages of the
catalyst cartridge occasionally occurred, and these were resolved by fitting a new cartridge. The
DMSO was removed by washing the reaction mixture with water, and, as the hydrogenation
was incomplete, silica column chromatography was performed to separate the product from un-

reacted starting material. The starting material was recycled into a second hydrogenation and the
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overall isolated yield of compound 2.48 was 66%. This yield was sufficient to prepare the

material required at this stage.

Compound 2.69 was formed by reaction of the bis-amine 2.48 with 1.6 equivalents of
tetrahydro-2H-pyran-4-carbonyl chloride, the lowest excess which was found to achieve
complete conversion to product. The material was isolated using a basic aqueous workup
(sodium hydrogen carbonate) to remove any tetrahydro-2H-pyran-4-carbonyl acid produced,
followed by trituration of the crude material in diethyl ether, to give the product 2.69 in 100%
isolated yield.

The dehydrative cyclisation had previously always been performed using acetic acid when
products were synthesised on a small scale (Scheme 2.03). This was trialled for the conversion
of compound 2.69 to compound 2.02 on a larger scale, and the reaction proceeded unacceptably
slowly. To remove the water produced, 3 A molecular sieves were added and this successfully
enabled the reaction to reach completion in approximately 48 hours. However, the stirring of the
large scale reaction caused destruction of the molecular sieves and produced a sludge which
made the subsequent workup of the reaction very difficult and time-consuming, and reduced the
isolated yield to 42%. Alternative cyclisation conditions were attempted, where one equivalent
of para-toluenesulfonic acid was used to promote the cyclisation, and a Dean—Stark apparatus
was used to remove the water and drive the reaction to completion.*** Compound 2.69 was
successfully converted to the racemic product 2.02 using these conditions. A simple basic
aqueous workup (sodium hydrogen carbonate) removed the acid, followed by trituration of the

crude material in diethyl ether, giving the product in 74% isolated yield.

This optimised synthetic route gave 17.6 g of compound 2.02 in 48% yield in four steps from
compound 2.33; this is a significant improvement over the 26% yield seen for the first synthesis
of the compound. The yield of compound 2.02 under these improved reaction conditions
equates to a 15% yield in 12 steps from commercial starting materials. The racemic material
was separated using chiral preparative HPLC using a Chiralpak AD-H column eluted with an n-
hexane/ethanol gradient, as in the small scale described previously (Section 2.4.7). Isolation of
the correct enantiomer, followed by trituration in diethyl ether, gave 6.7 g of solid 2.67 at > 99%
ee, with a recovery of 76% of the desired enantiomer. Compound 2.67 underwent the extensive
package of analysis required within our laboratories to unequivocally confirm structure and

purity prior to in vivo toxicity studies.
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Subsequent to this synthesis, work was underway to provide a chiral route to compound 2.67, as
this would be expected to at least double the yield of the synthesis. As the (R)-1-
methoxypropan-2-amine required is analogous to the non—naturally occurring D-alanine, this
was not readily commercially available. Attempts to repeat the synthesis of (R)-1-

methoxypropan-2-amine using literature methods®*

were unsuccessful. However, a supplier
was eventually identified (ChemlInstock) who were able to supply the material on a multi-gram
scale. This material was sourced, and the chemistry shown (Scheme 2.11) repeated under almost

identical conditions elsewhere within our laboratories**

to provide a 15 g batch of the product
2.67 in 13% yield from commercial starting materials in 12 steps, which was used in further in

vivo safety studies.
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2.6 Salt Formation

During the preparation of large scale batches of the lead molecule 2.67, X-ray powder
diffraction studies revealed that later batches of material were a different crystalline form from
initial batches. This is undesireable as the presence of multiple crystalline forms can have
significant impact during late stage drug development, as well as on marketed drugs.**
Additionally, the new Form 2 material was found to have a lower measured simulated fasted

state (FaSSIF) solubility (Table 2.11).%%’

Crystalline Form FaSSIF solubility (4 hours)
“2.67 Form 1” 0.47 mg/ml
First preparation of “2.67 Form 2” 0.13 mg/ml

Table 2.11: Solubility of the two crystalline forms of compound 2.67 in fasted state simulated
intestinal fluid (FaSSIF).

Subsequent studies on the isolation and crystallisation of compound 2.67 identified Form 2 as
the most thermodynamically stable.>”® Robust isolation conditions were only able to be
identified for the preparation of Form 2; it was no longer possible to produce Form 1 material.
Compound 2.67 was therefore not developable as Form 1. The low solubility of Form 2, as well
as indications that this solubility may be pH dependent, led to concerns that Form 2 material
may also not be suitable for long term development. The identification of a salt of compound

2.67 was therefore considered as an option to improve the physical properties of the material.

2.6.1 Selection and Synthesis of Salts

The acids to be used for salt formation were selected using two criteria. Firstly, the acid chosen
had precedence for oral dosing. Secondly, the acid pK, was generally greater than three units
lower than the pK, of compound 2.67, which was predicted to be 5.0, to reduce the risk of

229 These criteria led to the selection of the acids below for initial salt studies

disproportionation.
(Table 2.12). The hydrochloride salt was not considered as it had previously been synthesised
during large scale route development work and was not suitable for progression due to a high

water uptake.

The salts of compound 2.67 were initially synthesised on approximately a one gram scale from

the parent free base (Scheme 2.12).

76



CONFIDENTIAL — PROPERTY OF GSK— DO NOT COPY

Salt Salt name Acid Acid pK,
0]
2.70 Mesylate®* g//o -1.9%
<7 OH
o OHO
2.71 Maleate** I/U\ 2.0%%
OH
20
2.72 Tosylate”** Q/ “OH -1.9%%
O~__OH
O OH
2.73 Citrate™ OH 3.1%%
HO
(@)
0]
O~ _OH
2.74 Sulfate??’ Ss .82
OH

Table 2.12: Selection of salts to be formed of compound 2.67.

The general procedure for salt formation was dissolution of the free base 2.67 in a minimum
amount of hot methanol, followed by addition of one equivalent of the appropriate acid. The
solvent was removed and the resulting material triturated in diethyl ether or cyclohexane to form
a solid, which was dried in a vacuum oven. This procedure successfully produced the five salts

2.70 to 2.74 as solids.

Acid "HX" Z
MeOH e

2.67 2.70 - 2.74

Scheme 2.12: Salt formation from compound 2.67. The acids (HX) used are shown in Table
2.12.
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2.6.2 Results

The salts were profiled in a range of assays to assess their physical properties and suitability for
development. The most important amongst these is crystallinity, measured by X-ray powder

diffraction. The results of these studies are shown below (Table 2.13).

Salt Crystallinity
2.67 Free base (Form 2) Crystalline
2.70 Mesylate Crystalline
2.71 Maleate Semi-crystalline
2.72 Tosylate Semi-crystalline
2.73 Citrate Amorphous
2.74 Sulfate Crystalline

Table 2.13: Crystallinity of salts of compound 2.67 as assessed by X-ray powder diffraction.

The solubility of the citrate salt 2.73 was not measured as the material was amorphous.

As the only two fully crystalline salts, the mesylate 2.70 and the sulfate 2.74 were taken forward
for further studies. Upon assessment of the stability of the salts under one month accelerated
storage conditions, the sulfate 2.74 had formed a hemi-hydrate which was not developable due
to a low dehydration temperature. The mesylate 2.70 was stable under three month accelerated

storage conditions and therefore was the only salt suitable for further development.

At this stage, more comprehensive solubility experiments were carried out (Table 2.14). These
indicated that the scale-up and purification of the Form 2 free base 2.67 had led to material with
a reduced solubility over the initial batch (Table 2.11).

As salt formation impacts the kinetic, rather than thermodynamic, solubility of a compound,***
the solubility at three time points of both the free base 2.67 and mesylate salt 2.70 was
determined. Although the solubility at 24 hours is similar for the two compounds, the formation
of the mesylate salt 2.70 has provided approximately a twenty-fold increase in solubility over

the free base after 30 minutes, and therefore it conveys a vastly improved dissolution profile.
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Large scale batch of
Time point 2.70
2.67 (Form 2)
30 minutes 1.85 mg/ml 0.09 mg/ml
4 hours 0.70 mg/ml 0.11 mg/ml
24 hours 0.11 mg/ml 0.09 mg/ml

Table 2.14: The solubility of the mesylate 2.70 and firee base 2.67 at 30 minutes, 4 hours, and 24
hours in simulated fasted state fluid (FaSSIF).

Due to these very encouraging initial data, extensive studies were undertaken to ensure that the

mesylate salt 2.70 showed an appropriate physical profile for clinical development. These

included solubility studies over time in buffered systems at a variety of pH’s, which showed

significantly reduced pH dependence on the solubility of the mesylate 2.70 compared with the

free base 2.67.>* These data, along with polymorph screening to confirm that the issues with

multiple crystalline forms of the free base 2.67 were not present in the mesylate 2.70, led to the

selection of the mesylate salt as the salt form of choice for ongoing pre-clinical development

activities.
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2.7 Conclusions and Future Work

Compound 2.67 is a potent, selective, orally bioavailable inhibitor of the BET family of
bromodomains. It shows a comparable profile to the lead pre-clinical candidate 2.01, and
favourable comparison with the criteria set out at the outset of this programme (Section 2.2), as

shown below (Figure 2.09).

¢ Human whole blood (HWB) (IL-6 assay) pICs, > 6.5
o plCso=6.4 (n=20)
e > 100 times selective over other known bromodomains
o Shows this level of selectivity against an in—house panel of
bromodomains, with the exception of a single example showing only
35—fold selectivity.
e Oral bioavailability in rat > 20%
o Oral bioavailability in rat = 78% (n = 6).
e hERG pICsy < 4.0 in the in vitro FP assay
o plCs5p=4.4(n=2)
e (CYP450 ICsp > 3 uM across isoforms

o ICso> 50 uM across isoforms

Figure 2.09: Comparison of the profile of compound 2.67 with the criteria set out by the
programme team for the back—up molecule. The required profile is shown in black, the

assessment of compound 2.67 is shown underneath in blue.

Compound 2.67 met all the efficacy, pharmacokinetic, and safety criteria as set out within the
goals of this programme. The oral bioavailability and CYP450 data were excellent; the
bromodomain selectivity was judged to be acceptable for further progression of the molecule.
The HWB potency was at an appropriate level, and also slightly greater than that of the lead
molecule 2.01 (pICso = 6.2). The hERG potency was, however, slightly higher than was set out
initially and this was consistent with data seen for the template as a whole. The decision was
made to progress with the molecule at risk, and both hERG PatchXpress and rabbit wedge”*
studies were scheduled to better understand whether there was a hERG liability with the

compound at the doses we intended to use in vivo.

After a wide variety of studies were completed, including in vivo safety and efficacy studies,

compound 2.67 was chosen as the pre-clinical candidate molecule for the BET back-up
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programme, and will be assessed in more comprehensive pre-clinical safety studies. These will
guide the future strategy for the progression of this molecule. The issues with low solubility of
the parent 2.67, as well as the multiple crystalline forms present, were mitigated by the selection
of the mesylate salt 2.70 for any clinical development work. A patent application was
subsequently filed and published to cover compound 2.67, and its various crystalline and salt
forms (Figure 2.10).>*' A scientific publication disclosing the work described within this

chapter is also in preparation,”** and the work has been presented at a scientific conference.***
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(72) Tnventers; and TR), OAPI (BF, BJ, CF, CG, CI, CM, GA, GN, GQ, GW,

(75) Inventors/Applicants (for US only): DEMONT, Em- ML, MR, NE, SN, TD, TG).
manuel, Hubert [FR/GB]; GlaxoSmithKline, Gunnels Declarations under Rule 4.17:
Wood Road, Stevenage Hertfordshire SG1 2NY (GB).
JONES, Katherine, Louise [GB/GB]; GlaxoSmithKline,
Gunnels Wood Road, Stevenage Hertfordshire SG1 2NY

— s to applicant's entitlement to apply_for and be granted a
patent (Rule 4.17(ii))

(GB). WATSON, Robert J [GB/GB]; GlaxoSmithKline, —  as to the applicant’s entitlement to claim the priority of the
Gunnels Wood Road, Sievenage Herifordshire SG1 2NY earlier application (Rule 4.17(iii))
(GB). —  of inventorship (Rule 4.17(iv))

Figure 2.10: Screenshot of international patent application filed to cover compound 2.67 and its

: . 241
various crystalline and salt forms.

X-ray crystallography of compound 2.67 bound to the N-terminal bromodomain of BRD4
(Figure 2.11), overlaid with that of tetraacetylated H4 peptide, shows that the molecule binds to
the acetylated lysine recognition pocket of BRD4. The heteroatoms of the isoxazole ring make a
hydrogen bond to Asn140 as well as to the well-conserved water molecule within the acetyl-
lysine recognition pocket. This is consistent with the binding mode seen with numerous other
exemplars within this template within our laboratories. This X-ray crystallographic data also

confirms the assignment of 2.67 as the R-enantiomer.
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Figure 2.11: X-ray crystal structure of compound 2.67 in a truncated BRD4 N-terminal

bromodomain.

With the successful discovery of compound 2.67, any further medicinal chemistry on the
quinoline—isoxazole series, as well as other chemical series within the BET oral backup
programme, was discontinued. Compound 2.67, and its mesylate salt 2.70, are currently
undergoing a wide range of studies designed to support their further progression within our

laboratories.
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PART |1 1:

ESTERASE SENSITIVE MOTIFS
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Chapter 3

Targeting BET Bromodomain Inhibitors to
Macrophages Using Esterase-Sensitive Motifs:

Background and Preliminary Work

“Thou art to shoot an apple from his head!”
Albrecht Gessler, Wilhelm Tell, Friedrich von Schiller.

Synopsis

As a result of findings in pre-clinical safety studies with a number of pan-BET bromodomain
inhibitors, including the pre-clinical back-up molecule 2.67, novel approaches to increase
therapeutic index were under investigation within our laboratories. One of these approaches was
the use of esterase-sensitive motifs (ESMs) to target molecules to specific cell types. From a
novel chemical series, containing a 3-methylpyridone acetyl lysine mimetic, an ESM-containing
BET bromodomain inhibitor was designed and synthesised. This tool molecule was used in in
vitro proof of concept studies to establish confidence in the use of ESM technology to target

BET-bromodomain inhibitors to cells of the monocyte-macrophage lineage.
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3.1 Targeted Drug Delivery and Esterase Sensitive Motifs

Traditional drug delivery methods involve distributing the medicine via oral or intravenous
administration into the systemic blood circulation. As a consequence, the drug can affect the
whole body, rather than only the tissues of interest. The practice of targeted drug delivery
encompasses a wide range of strategies used to deliver medication at a higher concentration in
some parts of the body relative to others. These methods aim to achieve a greater interaction of
the drug with the tissues of interest than with the remainder of the body, thereby reducing the
severity of side-effects and increasing the therapeutic index (TI) of the drug. The therapeutic
index of a drug molecule is the ratio of the lethal dose to the efficacious dose, therefore a greater

TI implies a drug is safer.

One area of targeted drug delivery involves the enclosure of the drug within a macromolecular

' or micelle.”®” The drug molecule can be

drug delivery vehicle, such as a liposome™’
encompassed by a lipid bilayer, and the liposome carries a homing peptide which allows for
accumulation in specific pathological areas. Liposomes are currently used as drug delivery

vehicles in a number of prescribed medicines, including Visudyne and DaunoXome.*®

Alternative drug delivery systems can also be designed by the covalent attachment of
macromolecules, such as antibodies, to small molecule medicines. Within the oncology area, the
concept of the conjugation of antibodies with antitumour activity to potent small-molecule
cytotoxic agents to form antibody-drug conjugates (ADCs) is currently being studied in late-
stage clinical trials.>** This strategy aims to use the antibody specificity for tumour cells to
deliver the cytotoxic agent to the tumour and enhance the activities of both the antibody and the

small molecule agent.

Recently, the use of esterase-sensitive motifs (ESMs) to intracellularly target monocytes and
macrophages has been reported in the literature.”* A pharmacologically active drug molecule,
containing an ester, is hydrolysed to a similarly active acid by an enzyme specific to cells of the
monocyte and macrophage lineage. The resulting acid is therefore produced only within these
cells and, due to its physicochemical properties, that is its low lipophilicity and zwitterionic
nature, it has lower permeability through the cell membrane. This leads to a higher
concentration of pharmacologically active compound in these cell types compared to other cells

within the body.
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In the reported example of ESM technology, the pharmacophore of an ESM has been overlaid
with that of known small molecule inhibitors of proteins. The ESM pharmacophore was shown
to be a benzyl or phenethyl substituted amino ester, such as the cyclopentyl ester of leucine.
ESM technology was incorporated into a number of chemotypes, exemplified below (Figure

3.01) by the HDAC inhibitor Vorinostat 3.01°° and p38 MAP kinase inhibitor 3.03.*%

0 " o
“QNM © HO\NMN N
5
0 0 g o)
3.01 3.02
Vorinostat CHR-3111
i @ 5
0O NH, o N, QL
S
F F NS F F F
3.03 3.04

CHR-5623

Figure 3.01: Known HDAC inhibitor Vorinostat 3.01, and CHR-3111 3.02, an HDAC inhibitor
containing an esterase-sensitive motif (ESM); along with p38 kinase inhibitor 3.03 and its
analogue CHR-5623 containing an ESM. The ESM is highlighted in purple.””

The development of treatments for autoimmune inflammatory diseases, such as rheumatoid
arthritis (RA), is a key objective within our laboratories as this is an area with high unmet
medical need. Macrophages have been shown to play a profound role in rheumatoid arthritis,*"’
including the production of proinflammatory cytokines such as TNF, and IL-6, as well as
contribution to cartilage and bone destruction. Therefore targeting compounds specifically to
macrophages is of great interest in the treatment of RA. As the ESM esters were designed to be
selectively cleaved by human carboxyesterase-1 (hCE-1, also known as CES-1), which is

expressed in a subset of cell types including monocytes and macrophages,”® the use of ESM

technology in treatments for RA is attractive.

Human carboxyesterase-1 (hCE-1) is a serine hydrolase, and ester hydrolysis by hCE-1 occurs

via a two step hydrolysis mechanism (Figure 3.02).
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Firstly, the ESM-containing ester acetylates Ser203, which has been activated by a
neighbouring His448, releasing cyclopentanol. The tetrahedral intermediate is stabilised by
hydrogen bonds from His448, Gly123 and Gly124. A water molecule then substitutes for the
leaving alcohol, which leads to production of the acid hydrolysis product via a similar

tetrahedral intermediate.

The theoretical proposal that ESM-containing esters are selectively hydrolysed by hCE-1 is
supported by promising in vitro data.*® The ester in compound 3.02 was shown to be
hydrolysed only in hCE-1 expressing cells to a pharmacologically active acid. This acid would
be expected to be, from its physicochemical properties, poorly membrane permeable. It was

therefore hypothesised that the acid could be retained within these cells (Figure 3.03).

the cell

> @/"#f -

2. The ester is
hydrolysed by
hCE-1

Extracellular Intracellular
)\ 1. The ESM )\
permeates into
&=Q

3. The acid is less able to permeate out of
the cell, and is therefore retained leading to
a higher local concentration

Figure 3.03: A cartoon showing the process by which an ESM-containing compound is

hydrolysed within cells containing hCE-1 to an acid which is retained within the cell.

The ESM-containing compound is proposed to permeate into all cell types across the cell
membrane. Once within cells where hCE-1 is present, the molecule is hydrolysed to the
corresponding acid. The reduced permeability of the acid leads to its retention within these cells.
Therefore, cells with hCE-1 present would have a higher local concentration of active
compound than cells without hCE-1 present. This would produce a positive physiological effect

at a lower systemic concentration of the ESM-containing compound than a traditional small
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molecule drug, and therefore would potentially increase the therapeutic window. The use of
ESMs to target small molecules to specific cells is therefore applicable in cases where the

standard small molecule treatment cannot be progressed due to a low therapeutic index.

Since the outset of these PhD studies, it has been reported that a successful phase I first time in
human study in oncology patients has been performed with a monocyte/macrophage targeted
HDAC inhibitor which uses ESM technology.*'® Early signs of efficacy and the absence of
significant toxicity support the use of ESM technology in patients. In addition to this reported
study, a second ESM-containing HDAC inhibitor is being progressed towards human clinical
development in the chronic inflammatory disease area,”'" a first for such epigenetic modulators

of disease.
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3.2 Aims of Esterase-Sensitive Motif Progsramme of Work

As has been seen for non-targeted HDAC inhibitors, current pan-BET bromodomain inhibitors,
such as the pre-clinical lead molecule 2.67 described in Chapter 2, are predicted to have a low
therapeutic index (TI) as a result of toxicology seen in pre-clinical safety studies. The
toxicology seen has been attributed to on-target BET-bromodomain inhibition. Within our
laboratories, approaches for targeting BET inhibitors to specific cell types are therefore being
explored. This strategy aims to reduce systemic exposure, and therefore increase the TI, in the
event that a lack of tolerability to BET-bromodomain inhibitors precludes traditional dosing to

efficacious levels in vivo in humans.

The use of esterase-sensitive motifs (ESMs) to target bioactive molecules to monocytes and
macrophages has the potential value of inhibiting the action of BET bromodomains in chronic
inflammatory disease.™'* The application of ESM technology to BET-bromodomain inhibitors is
therefore of interest, with a view to the development of drugs for use in inflammatory diseases.
Although ESM technology has been applied to multiple protein targets, there are no examples of
its successful application in the bromodomain area. Our priority was to establish a proof of
concept which would provide confidence that ESM technology is applicable to BET-
bromodomain inhibitors. To do this, the aim was to produce a tool molecule with the profile

shown below (Figure 3.04).

e The ESM is incorporated with minimal effect on BET-bromodomain activity in
biochemical assays.

e The ester of the ESM is hydrolysed to the acid within macrophages, which express
hCE-1.

e The acid is retained within the cell over a time-course of six hours.

Figure 3.04: The desired profile of an in vitro tool molecule to study the proof of concept of
ESM technology within the BET bromodomain area.

This chapter describes a programme of work to establish whether an ESM can be incorporated
within a recently identified ‘dimethylphenol’ series with minimal impact on BET-bromodomain
activity in biochemical assays. If successful, the further aim was to conclude whether ESM-
containing compounds within this series are hydrolysed to the acid within macrophages, and

whether the acid concentration within the cell increases with time.
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3.3 Current Status of Dimethylphenol Series

Compound 3.05 (Table 3.01) was identified as a potent BET-bromodomain inhibitor using
encoded library technology (ELT) (Section 1.4.2). This compound showed good potency for
BRD4-BD1, and was 100-fold selective for BRD4-BD1 over BRD4-BD2. The lack of activity
for BRD4-BD2 was not a concern as it has been shown within our laboratories (data not shown)

that BD1-selective compounds maintain a strong macrophage phenotype.

O
®J< 04
N N
Structure
N
H OH H / OH
/Nj(©iN/ /N7(©:N
@) o
Compound 3.05 3.06
mwt, #Ar 496, 4 435,3
clogP 4.4 2.6
mChromlogD 7.4 3.2 2.0
BRD4-BD1 pICs (n) 6.9 (2) 6.6 (2)
BRD4-BD2 pICs (n) 4.9 (2) 4.7 (2)
CLND solubility
191 > 400
(»M)

Table 3.01: Profiles of the initial hit molecule 3.05 identified by ELT, and of the subsequent
lead 3.06. The BRD4-BD1 and BD2 activity are measured in an FP assay. The solubility is
assessed by CLND*. The molecular weight (mwt), number of aromatic rings (#4r), clogP®" and

mChromlogD,y7 4 are also shown. Both compounds are TFA salts.

Initial medicinal chemistry carried out elsewhere within our laboratories™"® focussed on
bringing the series into a more lead-like physicochemical space. This led to the identification of
compound 3.06 (Table 3.01). This compound maintains a similar potency and selectivity

profile, whilst having significantly lower lipophilicity and a reduced aromatic ring count.
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The DNA attachment point used in the ELT library was through the benzimidazole 5-amide of
compound 3.05, and the dimethylphenol was shown by X-ray crystallography of compound
3.06 to be the acetyl lysine mimetic (Figure 3.05).

Figure 3.05: X-ray crystal structure of compound 3.06 bound to the first bromodomain of
BRDA4. Key protein residues are shown in grey, the protein surface in light green, and the

hydrogen bonding interaction between the phenol of 3.06 and Asni140 with a grey dotted line.

Prior to the commencement of this programme of work, a small number of changes had also
been made to the benzimidazole N-substituent to investigate the SAR in this position.”'* The
key findings of this work are summarised below (Table 3.02). The compounds shown include
only those where the benzimidazole N-substituent is not aromatic, as this provides starting-

points for further medicinal chemistry in a more desirable physicochemical space.
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R
N
/ OH
N

BRD4-BD1 clogP /
R LLE
pICs (n) mChromlogD 74

3.07 Me 4.8 (2) 4.1/4.1 0.7
3.08 <:> 6.5(2) 6.1/6.5 0.4

NH
3.09 < > 5.9 (4) 3.7/1.2 22
3.10 ,—CNH 5.6 (4) 43/1.4 1.3
3.11 —G\IH 5.7 (4) 3.8/1.0 1.9
3.12 —(Nj 6.1 (4) 42/1.6 1.9

H
3.13 ,,—<;NH 4.8 (3) 32/1.1 1.6

Table 3.02: Summary of the BRD4 potency and physicochemical data generated to investigate
the SAR of the benzimidazole N-substituent. The BRD4-BD1 data is measured using a FRET
assay.*® Compound 3.07 is the HCI salt, compounds 3.07-3.13 are the bis-HCI salts.

The data shown above (Table 3.02) indicates that increasing the benzimidazole N-substituent in
size from methyl to cyclohexyl (3.07 vs. 3.08) increases the potency at BRD4-BDI1
approximately 100-fold, but has a small negative impact on the LLE. Introduction of a 4-
nitrogen atom into the cyclohexyl ring (3.08 vs. 3.09) leads to a slight decrease in potency, but
in this instance the LLE is significantly increased. Comparison of compounds 3.09 and 3.10
shows that where the ring is attached directly, rather than via a methylene linker, the potency is

similar but the LLE is significantly higher. The potency of compounds 3.10 to 3.12 indicate that
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reducing the heterocyclic ring size leads to a reduction in LLE. This may be due to the basic
centre being placed in a less favourable position within the protein. By considering the LLE, the
directly-linked piperidine of compound 3.09 was identified as the optimum substituent of those

synthesised to be used when the ESM pharmacophore is incorporated.

Further SAR generated within this series®'* showed the potential for replacing the
dimethylphenol acetyl lysine mimetic with a pyridone without a significant loss in potency
(Table 3.03). This was important for the future utility of this chemical series as the
dimethylphenol group would be expected to contribute to a high in vivo clearance of these
compounds. This was the case in the single analogue, 3.06, whose PK had been evaluated in
vivo in this series. This compound had a very high blood clearance in mouse of 346 ml/min/kg
after intravenous infusion, which is nearly four times liver blood flow."* This indicated that

other mechanisms of clearance, such as renal clearance, were also occurring.

The biochemical data generated shows that the 1,3-dimethylphenol of compound 3.14 can be
replaced by the dimethylpyridone of compound 3.15 with a small increase in potency.
Pleasingly, a greater than 100-fold increase in LLE is seen when this structural change is made.
Removal of the N-methyl of compound 3.15 to give 3.16 led to a reduction in potency, but a
similar LLE, which makes both the N-H and N-methyl pyridones an attractive starting point for
compounds where an ESM is to be incorporated. Removal of the 3-methyl substituent of the
pyridone in compounds 3.17 and 3.18 showed a lower potency, and LLE, than compounds 3.15

and 3.16, which indicated the former were not attractive options for further optimisation.
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O

HO\/«

N

o

BRD4-BDI1 clogP /
Ar LLE
pICso (n) mChromlogD,y;.4

3.14 Q—OH 6.2 (2) 3.6/N/A 2.6

/
jN

3.15 ---C{zo 6.6 (4) 1.6/1.8 5.0

NH
7 g

3.16 . 5.8 (6) 1.1/1.7 4.7
v

3.17 G o 5.0 (2) 1.1/N/A 3.9
NH

3.18 ---C):o <43 (3),<4.8 (1) 0.6/1.1 N/A

Table 3.03: Biochemical and physicochemical data generated on replacing the dimethylphenol

with substituted pyridones. The BRD4-BDI data is measured using a FRET assay.*

Compounds 3.15 and 3.16 are hydrochloride salts.

X-ray crystallography of compound 3.16 established that the 3-methylpyridone bound in the

acetyl lysine pocket of BRD4-BD1, and the overlay with the crystal structure of compound 3.06

verified that the binding mode was not altered on changing from the dimethylphenol to the 3-

methylpyridone acetyl lysine mimetic (Figure 3.06).
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Figure 3.06: The overlaid X-ray crystal structures of compound 3.06 (orange) and compound
3.16 (dark green) bound into the first bromodomain of BRD4. The protein structures are shown

in light grey. The chemical structures are shown above the figure.

Thorough analysis of the data presented above, as well as inspection of the X-ray crystal
structure, gave sufficient confidence that this chemical series was a good candidate for
optimisation and incorporation of an ESM. The key medicinal chemistry challenge was to
achieve ESM incorporation whilst designing BET-ESM compounds within a good
physicochemical space, and retaining sufficient BRD4-BD1 potency.
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3.4 Incorporation of an ESM within a BET Chemotype

To perform experiments to understand the applicability of ESM technology within BET-
bromodomain inhibitors, an initial ESM-containing BET bromodomain inhibitor was designed
for use in initial in vitro studies. This section describes the design and synthesis of this

compound, and the data subsequently generated.

3.4.1 Design of Initial ESM-containing Compounds

The key aim of the initial medicinal chemistry strategy was to establish whether an ESM could
be incorporated within the pyridone template identified above whilst maintaining BET potency.
As the pyridone template was identified using ELT (Section 1.4.2), the DNA-attachment point
provided a vector where large groups are known to be tolerated without being deleterious to

potency. In this chemical series, the DNA attachment point was the benzimidazole 5-position.

3.05

It was also understood, using examples within the literature,” that the hCE-1 protein tolerates

the ESM motif attached via a methylene linker to an aromatic ring system (Section 3.1, Figure
3.01, Compound 3.02). As a result of these observations, the compounds below (Figure 3.07)

were designed, with an established ESM attached to the 5-position of the benzimidazole ring.

/ /

N N
N N NH
WY Q%C{: NP /*Cfo
0 \/ ~N 0 N —
319 ) 3.20
N /
- “
NH c
/ O N NH
LT CrC}-
o

3.22

Figure 3.07: Compounds designed to establish whether an ESM could be incorporated into a
compound from the pyridone series, and the comparator compound 3.22 without ESM. On
compound 3.19 the BET inhibitor portion is highlighted in green and the ESM in blue.
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The 3-methylpyridone of 3.16 was selected as the acetyl lysine mimetic due to its high LLE and
low clogP (Table 3.03). The directly linked N-methylpiperidine benzimidazole substituent was
inspired by compound 3.09 (Table 3.02) as the most potent and efficient substituent made in this
position. Prior to initiation of the synthesis of compounds 3.19 to 3.21, compound 3.22 would

be synthesised to confirm baseline BRD4-BD1 potency without the ESM attached.

The cyclopentyl leucine ester 3.19 was designed as the ESM-containing tool molecule, as this
would be expected to convey hCE-1 selective cleavage in our in vifro macrophage studies, and
as examples of non-BET chemotypes using this ESM have already been studied.>* The tert-
butyl leucine ester 3.20 was designed as a control compound which would not be expected to be
hydrolysed by hCE-1. The acid 3.21 is the intended product of hCE-1 hydrolysis, and therefore
required synthesis to enable the biochemical potency of the hydrolysis product to be

determined.

To enable the ESM technology to be successful, high membrane permeability of the ester was
required to allow the compound to be present within macrophages. However, after ester
hydrolysis, an acid with low permeability was required to drive retention of the acid within the
cell. To ensure compounds 3.19 and 3.21 met these criteria, their in silico profiles were

generated and compared with the desired profile for these compounds (Table 3.04).

Desired ester Desired acid 3.19 3.21
cChromlogD 7.4 <4 <0 4.1 -0.7
Passive ) . .
Medium/high Low Medium Low
permeability

Table 3.04: Summary of the predicted physicochemical parameters of compounds 3.19 and
3.20, and comparison with a desired ester and acid profile. The calculated ChromlogDszf ?

and the predicted passive permeability at pH7.4% are shown.

The ESM-containing ester 3.19 was predicted to have medium passive permeability,® and the
calculated lipophilicity® was within a reasonable drug-like space.”'® The acid hydrolysis
product 3.21 was predicted to have low passive permeability, which is presumably driven by its
low lipophilicity and ionic character. In combination these are hypothesised to cause cellular

penetration of the ester, followed by cellular retention of the acid.
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3.4.2 Synthesis of Initial ESM-containing Compounds

The synthetic route used to prepare the ESM-containing tool compounds (Figure 3.07), as well

as the preparation of key pyridone building blocks, is described below.

3.4.2.1 Synthesis of Key Intermediate 3.25

Initially, the intermediate pyridone aldehyde 3.25 (Scheme 3.01), which was a key building
block required for the desired synthetic route, was prepared (Scheme 3.01).

N Nalzl%o NH () 1.6 M n-Buli in hexanes, THF NH
Br— N—NH, C- 290 Br—/ o (i) DMF / 0
— Water — 42% H —
67%
3.23 3.24 3.25

Scheme 3.01: Conversion of commercial starting material 3.23 to intermediate aldehyde 3.25.

The commercially available aminopyridine 3.23 was converted to the substituted pyridone 3.24
via diazotisation on a 15 g scale, which produced 10 g of the product 3.24 in 67% isolated yield.
The scale was limited by the difficulty in keeping the foaming reaction mixture in the
diazotisation step below the level of the inorganic solution to enable reaction to occur. Any
larger scale would therefore require further optimisation, particularly in the equipment used. A
lithium—halogen exchange was performed on compound 3.24 using n-butyllithium, followed by
quenching with DMF to introduce the required aldehyde. This reaction was performed on 1.5 g
of compound 3.24, and provided 459 mg of aldehyde 3.25 in 42% isolated yield. This route
therefore provided aldehyde 3.25 in two steps and 28% yield from the aminopyridine 3.23.
Subsequently, further optimisation increased the yield of this reaction to 61% by reducing the
speed of addition of the n-butyllithium, as well as the use of a larger cooling bath, which were
likely to have resulted in a lower and more consistent reaction temperature. Compound 3.25 was

later sourced in a 50 g quantity, from a commercial supplier.

3.4.2.2 Svynthesis of Parent Molecule 3.22

The synthetic route to the non-ESM parent molecule 3.22 (Scheme 3.02) was designed around a
key benzimidazole reductive cyclisation reaction,”'’ using commercially available fluoroaryl

and amine intermediates.
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Scheme 3.02: Preparation of parent benzimidazole compound 3.22.

The commercially available 1-fluoro-2-nitrobenzene 3.26 was reacted with 1-methylpiperidin-4-
amine in an SyAr reaction to give intermediate 3.27 in 79% yield. The intermediate 3.27 was
reacted with aldehyde 3.25 in a reductive cyclisation using sodium hydrosulfite. The product

3.22 was isolated in 48% yield.

The key one-pot benzimidazole ring forming reaction is proposed to proceed via the mechanism

below (Figure 3.08).

R R’

NH R2LH N+ R2 N+h R2
(X O, @ )
N02 'HZO N02

R’ Al
'\i -H,0 @[NXRZ
-
©:N/% R N
(OH

Figure 3.08: Proposed mechanism for the benzimidazole ring formation via an in situ nitro

group reduction using sodium hydrosulfite reduction. >’

Firstly, an iminium species is formed between the aldehyde and the N-methyl aryl amine,
followed by the four electron reduction of the nitro group to a hydroxylamine. Intramolecular

reaction to form the benzimidazoline, followed by dehydration, would account for the formation
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of the benzimidazole product. This reaction is an efficient method of benzimidazole formation

as it is performed in one step and without the need for protecting groups.

3.4.2.3 Synthesis of ESM-containing Compounds

The synthetic route to the ESM-containing compounds within the benzimidazole series was
designed based on that used to synthesise the parent molecule 3.22 (Scheme 3.02). The relevant
ESM group was incorporated in the initial step, and then taken through the synthesis, to give the
final compounds 3.19 to 3.21 (Scheme 3.03).

The cyclopentyl amino acid ester 3.28 was synthesised from L-leucine,*"’

and the tert-butyl
amino acid ester 3.29 was commercially available. These were reacted with the commercially
available aldehyde 3.30 under standard reductive amination conditions. The products 3.31 and
3.32 were isolated in 84% and 82% yields, respectively. Compounds 3.31 and 3.32 were
converted by SyAr chemistry, using microwave heating, to compounds 3.33 and 3.34 in 72%
and 40% isolated yields. The lower yield of compound 3.34 was a result of difficulties during
purification, rather than the conversion to product being less efficient in this reaction. The
amines 3.33 and 3.34 were reacted with aldehyde 3.25 under reductive cyclisation conditions to
give benzimidazoles 3.19 and 3.20 in 34% and 25% yield, respectively. There was not one clear
impurity seen in the reaction mixture LCMS which would indicate options for reaction
optimisation. However, the current yields allowed production of sufficient of the ESM-
containing esters 3.19 and 3.20 for biological evaluation. The overall yield to the cyclopentyl
ester 3.19 was 21%, and the tert-butyl ester 3.20 8%, in three steps from available

intermediates.
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0 Na(OAc);BH o E
R NH F AcOH H
~ 2 R N
0] 0 DCM 0 NO,
NO,
H R = cPent: 84%
R = tBu: 82%
R = cPent: 3.28 (pTSA salt) 3.30 R = cPent: 3.31
R = tBu: 3.29 (HCI salt) R = tBu: 3.32
lll DIPEA
THF
R = cPent: 72%
R = tBu: 40%

/
N o 4N N
o)
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N NH 3.25 NH
R i Hﬁ r—~_)° Na,S,0 i Hﬁ
N — 25204 R N
0 N 0 NO,

EtOH, Water
R = cPent: 34%
R = tBu: 25%
R = cPent: 3.19
R =tBu: 3.20 R = cPent: 3.33
R = tBu: 3.34
For R = cPent
LiOH
Water/THF/MeOH

/
N
Q R= O (cPent)
o N NH
H 7 M=o
N 7 — R=
HO N >l (tBu)

Free base: 3.21, 24%
HCI salt: 3.35, 76%

Scheme 3.03: Synthesis of ESM-containing compound 3.18 and acid hydrolysis product 3.20.
R = cPent is the cyclopentyl substituent, R = tBu is the tert-butyl substituent.

The cyclopentyl ester of compound 3.19 was hydrolysed using lithium hydroxide, after heating
overnight at 50 °C, to give the acid 3.21 in 24% isolated yield. The low isolated yield was due to
the sample coming out of solution during MDAP purification. It was subsequently found that
compound 3.21 was not sufficiently soluble to allow determination of potency in the BRD4-
BD1 biochemical assay. To enable the determination of the biochemical potency of the acid
hydrolysis product 3.19, it was therefore necessary to synthesise the hydrochloride salt 3.35.
This was done by the addition of hydrochloric acid after purification of the ester hydrolysis
mixture. The isolated yield of the formation of 3.35 from cyclopentyl ester 3.19 was 76%.
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3.4.3 Biological Results and Analysis

A number of biological assays were run to determine whether the molecules synthesised show
that an ESM can be incorporated within the BET-bromodomain pharmacophore (Figure 3.09).
The initial aim was to show that the ESM could be incorporated without impacting the BRD4-
BD1 potency. Subsequently, the aim was to determine whether the ESM technology allows
ester hydrolysis within macrophages, as well as a corresponding increase in concentration of the

acid with time.

Compound Synthesis

!

BRD4 BD1 mutant FRET assay

/\

LPS-stimulated PBMC assay LPS-stimulated HWB assay

Macrophage acid retention assay

Figure 3.09: Screening cascade displaying the assays used to profile the ESM-containing

compounds synthesised in Section 3.4.2.

Initially, the potency of the compounds at the first bromodomain (BD1) of BRD4 was measured
using fluorescence resonance energy transfer (FRET) assays.”® This assay measures binding of
the compounds to a mutated BRD4 protein, where the mutation prevents binding to the second
bromodomain (BD2) of BRD4. The protein—protein interaction is detected through binding of a
fluorescently-labelled small molecule BET bromodomain inhibitor. The theoretical tight

binding limit*'? of the BRD4-BD1 FRET assay is a pICs, of 8.3.

If the compounds showed some potency in the biochemical assay, their effect on the production
of MCP-1 in LPS-stimulated PBMCs or HWB would be determined. Potency in these cellular
assays for ESM-containing esters is not solely a result of biochemical potency, cellular
penetration, and (for the HWB assay) extent of protein binding. Intracellular hydrolysis by hCE-
1 of the ESM-containing esters to the acids, and reduced permeability of the acid with respect to
the ester, may lead to higher localised concentration of the BET-active acid molecules and

therefore to an increased level of potency in cellular assays. The protocols for the LPS-
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stimulated PBMC*® and HWB"' assays were as described previously in Section 2.5, with the
only difference in this case that the effect on MCP-1 was measured rather than IL-6. This was
due to a change in assay format which reduced the variability of the data. It was found, by
comparison of historical assay data (data not shown), that the MCP-1 readout gave an increase

in pICs, of approximately half a log unit over the IL-6 readout.

The final biological assay run on the ESM-containing compounds was the macrophage acid
retention assay.”’ In this assay, the ESM-containing esters were incubated with isolated human
M1 macrophages over a time-course of six or 48 hours. The supernatant and the cellular
material were separated using centrifugation, and the cells within the cellular fraction lysed. The
concentration of both the ESM-ester parent and the acid hydrolysis product were then
determined in both the supernatant and the cellular portion by mass spectrometry. This indicates
the extent of ester hydrolysis, as well as the amount of acid which is retained within the cell

rather than expelled into the supernatant.

3.4.3.1 Primary Screening Data

The data generated in the biochemical and cellular assays for the ESM-containing compounds,

as well as the measured lipophilicity, is shown below (Table 3.05).

Both the cyclopentyl and tert-butyl esters 3.19 and 3.20 maintained a good level of potency in
the BRD4-BD1 biochemical assay. The parent molecule without an ESM attached, compound
3.22, also has similar biochemical potency. Therefore, as predicted when these ESM-containing
compounds were designed, incorporation of the amino acid ester ESM has no significant

detrimental effect on biochemical activity.

Pleasingly, the ESM-containing cyclopentyl ester 3.19 had a higher potency in the HWB assay
than the non-hydrolysable fert-butyl control 3.20, and the data was consistent on repeated runs
of the assay. However, despite this very promising data, we did not have the level of increase
from compound 3.20 to 3.19 that we would have liked. Nonetheless, the good biochemical and
PBMC potency of compound 3.19 are very encouraging for the potential of this series going
forward as they show the pyridone—ESM series is both potent, cell permeable, and likely to be

hydrolysed to some extent within the cell.
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N NH
N e v Qe
R N N —

3.19 3.20

2HCI
3.35 3.22
BRD4-BD1 | HWB (MCP-1)
mChromlogD,y74 | ¢cChromlogD,y7.4
pICso (n) pICso (n)

3.19 53 (7) 5.6 (3),<6.9(1) 4.2 4.1

3.20 5.0(2) <5.0(2) 4.0 3.8

3.35 4.6 (2) N/A 0.0 0.7

3.22 5.4 (3) <5.0 (4) 0.9 22

Table 3.05: Biological assay results for the parent molecule 3.22, ESM-containing cyclopentyl
ester 3.19, t-butyl ester control 3.20, and acid hydrolysis product 3.35. Also shown are the

measured”” and calculated™ ChromlogD, 7 4.

3.4.3.2 Secondary Screening Data

To determine the level of hydrolysis of the ESM-containing ester 3.19, the compound was
profiled in the macrophage acid retention assay.”’ Initially, this assay was run over six hours,
and the amount of ESM ester 3.19, and acid hydrolysis product 3.21, measured in both the

supernatant and cell lysate samples (Figure 3.10).

It can be seen that over the first four hours of the experiment, the ester 3.19 is moving towards a
steady state between the extracellular (blue) and intracellular (green) compartments. This
indicates that compound 3.19 is able to permeate into the macrophages. The total amount of

acid 3.21 within the cell lysate (red) and supernatant (purple) is increasing with time. This
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indicates that the acid is being produced, and then permeating out of the cell. The ester was
shown to be stable in the extracellular assay media over the time course of this experiment,

therefore any acid seen was produced intracellularly within the macrophages.

—_ — *
3
©
£
£ === Ester 3.19
z 1 - (supernatant)
3
2 ~@—Acid 3.21
g / (supernatant)
'§ 0.1 = Ester 3.19
§ (cell lysate)
g == Acid 3.21

| (cell lysate)

0-01 T T T 1
0 2 4 6
Time (h)

Figure 3.10: The concentration in supernatant and cell lysate of both ester 3.19 and acid 3.21

after incubation of compound 3.19 with M1 macrophages over a time course of six hours.

As the amount of acid 3.20 still appeared to be increasing at the six hour time point, the

experiment was repeated over a 48-hour time course (Figure 3.11).

f
|

=@=Ester 3.19

1.00 / (supernatant)

f == Acid 3.21
{ M (supernatant)
0.10 -Z Ester 3.19

Amount of compound (nmoles)

(cell lysate)
=>e=Acid 3.21
(cell lysate)
0.01 T T T T T 1
0 10 20 30 40 50
Time (h)

Figure 3.11: The concentration in supernatant and cell lysate of both ester 3.19 and acid 3.21

after incubation of compound 3.19 with M1 macrophages over a time course of 48 hours.
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This longer time course shows that ester hydrolysis within the macrophages is still occurring
after 48 hours, as the amount of both intracellular and extracellular acid is still being produced
at this point. Whilst it is encouraging that the acid is being produced, the rate of hydrolysis is
slower than would be desired in a final drug molecule. This is because in vivo the ester would be

likely to have been cleared from the bloodstream within a few hours after dosing.

To understand the cellular data generated, the rate of hydrolysis of the ESM-containing
compound 3.19 was measured in the two isoforms of human carboxyesterase 1, hCE-1b and

323

hCE-1c.** The data generated are shown below (Figure 3.12).

Encouragingly, the hCE-1 isoforms found in cells of the monocyte-macrophage lineage both
showed reduction in the amount of ester 3.19 present after 45 minutes. These data are very
encouraging as they show the compounds are turned over by the desired hCE-1 isoforms. With
further optimisation of the molecule there is potential to improve the rate of turnover by the

hCE1 enzymes, thereby improving cell specificity.

Fia .
N~

50.0
40.0 \\
30.0

=0

% Compound 3.19 remaining from t

*
20.0 =—hCE-1c
10.0
0.0 . . . T
0 10 20 30 40
Time (mins)

Figure 3.12: The amount of ESM ester 3.19 remaining after incubation with human
carboxyesterases hCE-1b and hCE-1c over a 45 minute time course. The data is normalised for

the esterase free control samples.
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3.5 Summary of Proof of Concept Studies

As a result of the work described, an in vitro tool molecule 3.19 was identified, which was used
in proof of concept experiments to validate the use of ESM technology within BET
bromodomain inhibitors. At the outset of this chapter, there were three criteria identified which
would support the use of ESMs within the BET area (Figure 3.04). These criteria have largely
been met by the design and synthesis of the ESM-containing compound 3.19.

Firstly, it has been shown that the ESM portion of the molecule could be appended to the
template in such a way that the BET bromodomain activity was retained (Table 3.05). This was
achieved using structure-aided design, as well as an understanding of ELT technology.
Secondly, incubation of the ESM-containing ester 3.18 in human macrophages indicated that
the compound was hydrolysed to the acid within macrophages over at least a 48-hour time
course (Figure 3.11). Ideally, the hydrolysis rate would be significantly quicker as by a 48-hour
time point in vivo the compound would be likely to have been cleared from the bloodstream.
The initial data are encouraging in that there is cellular penetration, as well as evidence of
hydrolysis by hCE-1. To progress this series, the rate of hydrolysis by hCE-1 would require

further investigation.

Thirdly, it was desired to show that the acid hydrolysis product of the ESM-containing
compound was being retained within the cell, rather than being excreted either passively or
actively. The data generated in the macrophage assay (Figure 3.11) do show an increase in acid
levels within cells. However, the acid 3.21 is also seen in the supernatant at a much higher level,
indicating that the acid is being excreted from the cell once it is formed from the ester. It is not
possible to extrapolate the rate of acid expulsion from the cell from the data generated on
compound 3.19, as the acid is still being formed from the ester at the 48 hour time point. To
establish whether ESM-containing compounds within this series could be better retained within

the cell would require the design of compounds which are hydrolysed by hCE-1 at a faster rate.

The data generated during the work described within this chapter suggests that the pyridone
template is an excellent starting point for designing ESM-containing BET inhibitors. Compound
3.19 has established that an ESM strategy has potential within the BET bromodomain area. The
design and synthesis of compound 3.19 has allowed us to show that an ESM can be
incorporated into the BET pharmacophore without significant loss of affinity for the BET
protein, that compounds containing the ESM were cell penetrant, and that the ester was

hydrolysed within human macrophages.
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Chapter 4

The Identification of a Molecule to Probe the in Vitro
Biology of BET Bromodomain Inhibitors Containing

an Esterase Sensitive Motif

“You can’t make an omelette without breaking a few eggs.”

Peter Ludwig von der Pahlen

Synopsis

The identification of compound 3.19 as a BET-ESM tool molecule supported initial proof of
concept studies which established that ESM technology was applicable to the BET
bromodomain area. To better understand whether ESM technology can be used within BET to
produce a drug molecule with an increased therapeutic index, an in vitro probe molecule was
required which had an increased rate of hydrolysis by hCE-1 over compound 3.19. This chapter
describes a programme of work which was undertaken to understand the SAR within the
pyridone template, and the subsequent incorporation of ESMs into these compounds. This work
led to the identification of an in vitro BET-ESM probe molecule, which was used to elucidate

BET-ESM biology.
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4.1 Criteria for BET-ESM In Vitro Probe Molecule

To progress understanding of the viability of using ESM technology to target BET
bromodomain inhibitors to macrophages, a suitable in vitro probe molecule was required. The
initial tool molecule 3.19 was not an appropriate probe molecule, as it was not hydrolysed
quickly enough within macrophages and did not show sufficient HWB potency. The criteria

required for the in vitro probe molecule are shown below (Figure 4.01).

e The ESM is incorporated with minimal effect on BET-bromodomain activity in
biochemical assays.

e The pICs shift between the biochemical and HWB assays is > 1.

e The ester of the ESM is hydrolysed to the acid within macrophages, but not within
cell types negative to hCE-1.

e The acid is retained within the cell over a time-course of six hours.

Figure 4.01: The in vitro probe criteria for a BET-ESM molecule.

The initial BET-ESM tool compound 3.19 (Chapter 3) had established that within the pyridone-
benzimidazole template it is possible to incorporate the ESM with minimal effect on BRD4-
BD1 potency. Therefore this chemical series was identified as a good starting point for
optimisation towards an in vifro probe molecule. This chemical series had not been significantly
investigated prior to this programme of work, and not at all with the ultimate aim of
incorporation of an ESM. To allow a wider range of ESM-containing compounds to be
synthesised, it was therefore necessary to first establish a deeper understanding of the SAR
within the template. To this end, a range of compounds were designed and synthesised to
investigate a number of areas of the template. Initially, compounds were synthesised without the
ESM attached to allow a wider variety of changes to be rapidly investigated. However, with the
ultimate aim being ESM incorporation, physicochemical profiling was performed on the

analogous ESM-containing molecules during medicinal chemistry design.

Initially, two areas of the pyridone-benzimidazole series were selected for investigation as the
most likely areas to allow modulation of potency, as well as physicochemical properties. These
were the benzimidazole N-substituent, and the benzimidazole ring itself. Modulation of the
physicochemical properties was identified as important as these would be expected to affect the

cell permeability of subsequent BET-ESM acids.
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4.2 Medicinal Chemistry Design of Changes to the Benzimidazole Core

A number of changes to the benzimidazole core were designed to establish the contribution of
the benzimidazole ring system to BRD4-BD1 potency, as well as to access compounds with a
lower lipophilicity. The first changes planned (Table 4.01) involved replacement of the biaryl
benzimidazole with monoaryl aromatic and heteroaromatic ring systems. The rationale for these
changes was a reduction in aromatic ring count, which correlates with a lower risk of
attrition.*’' It was also important, at this early stage in investigation of the template, to increase
the knowledge of the SAR around the benzimidazole portion of the molecule. Initially, a
number of these mono aryl compounds were synthesised without a “WPF-shelf” group (Section

1.3.2, Figure 1.13) in place. This could be designed in later to any compounds of interest.

NH
Ar / o)
_ Ar cChromlogD 7.4 Ar cChromlogD 7.4
4.01 @ 4.2 4.05 |/[\7 3.5
R

/

4.02 4.6 4.06 Nl’"} 2.5

y Ph
4.03 23 407 | N 4.0

| ) N
N -
/
N

4.04 2.9
-

Table 4.01: Replacements of the benzimidazole core with mono-aryl and mono-heteroaryl ring

systems. The cChromlogDpH7_4B 2 is shown.

The simple phenyl compound 4.01 was designed to give an understanding of the baseline
potency of a monoaryl system, and the ortho-tolyl 4.02 in case a twist in the ring systems is
preferred. The 5-membered heterocycle 4.03 was designed to be a direct monoaryl truncate of

the benzimidazole core. This compound has a lower lipophilicity than compounds 4.01 and
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4.02, and also allows N-substitution with the same angle as the benzimidazole N-substituent.
This would be expected to allow access to the WPF shelf, and therefore gives potential for
increasing potency. Compounds 4.04 and 4.06 were designed to investigate alternative nitrogen
atom positions. To test the hypothesis of accessing the WPF shelf, compounds 4.05 and 4.07
were included for synthesis as they would be expected to have increased potency over the N-

methyl compounds.

Once the biochemical profiles of these compounds were established, it would be necessary to
investigate whether an ESM could be incorporated within these analogues. Where
benzimidazole core changes were successful, analogous compounds containing an ESM would
be synthesised, as shown below (Figure 4.02). It would be necessary to identify an appropriate
position for substitution onto the aryl ring to allow incorporation of the ESM without loss in

BRD4-BD1 potency.

NH NH
/ o =ESM/ o

Parent ESM-containing analogue

Figure 4.02: Strategy for the introduction of ESM into monoaryl benzimidazole cores.

The second set of changes planned made to the core benzimidazole involved the introduction of
additional nitrogen atoms to reduce lipophilicity. Single carbon to nitrogen point changes in all
positions, except that where the ESM was attached in compound 3.16, were considered. For
each analogue the predicted physicochemical profiles of the parent, as well as that of the ESM-

containing compound and its acid hydrolysis product, were calculated in silico (Table 4.02).

Introduction of an additional nitrogen atom into the core is predicted to reduce the lipophilicity
by 0.5-0.8 log units in all cases, for both the ESM-containing esters and acids. This translates to
a slightly lower predicted passive permeability,® reflected in some of the non-ESM parent
molecules being predicted to have low permeability. Although the ESM-containing acids are
predicted to have low passive permeability irrespective of the core, these compounds are of
interest in investigating whether reducing the lipophilicity further increases the amount of
cellular retention of the acid. The strategy for investigating these core changes was to first
synthesise the parent molecules to ascertain the affect of the extra nitrogen atom on BRD4-BD1
potency. If the resulting data were promising, the relevant ESM-containing molecules would

then be synthesised.
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R R
R AN A-NH A__N  A-NH
A e | QS TS | S L
A % N\)\/ — N\)\/ _
Core Structure KA/:EN/ A%:O S AN A HO N A
Parent
ESM-containing Ester ESM-containing acid
NN 3.22 3.19 391
/ O
N = 22, 4.1, 0.7,
@IN 7N 4.08 4.09 410
_ N)_ng 1.4, 3.4, a4,
h@ﬁ' U a.11 4.12 4.13
PR - - W
(\i“f 7N 4.14 4.15 4.16
N/ N/>_<;€: 14’ 34’ _1'4’
@[N NN 4.17 4.18 4.19
N/>_<:€: 1.7, 3.6, -1.2,
N 4.20 4.21 4.22
4 (o]
E:[N/%(N{E 1.6, 3.5, -1.3,

Table 4.02: Comparison of the predicted physicochemical properties of compounds containing single point carbon to nitrogen changes, with the
previously synthesised 3.19 and 3.21. The predicted physicochemical properties of the parent, ESM-containing ester and ESM-containing acid are

shown. The calculated ChromlogDszf ?is in blue and predicted passive permeability™ is in green. R is a 4-N-methylpiperidine substituent.
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The compounds designed (Section 4.2) were synthesised in sufficient quantity for biological

screening.

4.3.1 Synthesis of Compounds with Benzimidazole Core Replacements

The compounds containing simple mono-aryl benzimidazole replacements 4.01 and 4.02, as

well as the benzyl imidazole 4.05 and benzyl pyrazole 4.07, were synthesised from the

previously described aryl bromide 3.24 (Scheme 3.01). This was done using the commercially

available boronic acid or ester, under standard Suzuki coupling conditions (Scheme 4.01).

AL

4.01, 4.02, 4.05, 4.07

Pd(PPh3),4

™ NaHCO3 (aq)

IPA

Scheme 4.01: Synthesis of biaryl compounds 4.01, 4.02, 4.05 and 4.07 using a Suzuki coupling

reaction. The aryl boronic acids or esters used are shown in Table 4.03.

The compounds synthesised using this chemistry, and the isolated yield of the Suzuki coupling

reaction, are summarised below (Table 4.03).

Aryl boronate or

Aryl boronate or

Yield Yield
boronic acid boronic acid
Ph
2
4.01 @—B\ 33% | 4.05 U 0 6%
OH N./~B
o)
Ph>
4.02 C;,B/OH a1% | 407 | NN o 10%
OH K)\B\O

Table 4.03: Boronic esters or acids used in Scheme 4.01, and isolated yields of the reactions.
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The isolated yields of the reactions were low to moderate, and especially poor in the case of the
heteroaromatic 4.05 and 4.07. However, sufficient material was produced for biological

screening, therefore the reaction conditions were not optimised further at this stage.

As it was not possible to access the required boronic acid or ester, the synthesis of compound
4.03 was attempted using Stille chemistry, as shown below (Scheme 4.02). Using either lithium
chloride™® or copper iodide*** as the additive in the Stille reaction led to no evidence of product

formation by LCMS after microwave heating.

Pd(PPhs),
/ . Licl N o
[ | DMF \ |
| I\>*SnBu3 > N _—
%
: W
N r or \_ 1
3.24 Pd(PPh3), 4.03
Cul
1,4-dioxane

Scheme 4.02: Attempted synthesis of compound 4.03 using the Stille reaction.

The decision was subsequently undertaken not to investigate the synthesis of compound 4.03
further, and the syntheses of compounds 4.04 and 4.06 have not been attempted. This is due to
data being available for the phenyl examples 4.05 and 4.07, as well as positive data generated in

other areas of this programme of work which led to reprioritisation of targets.

4.3.2 Synthesis of Aza-benzimidazole Templates

The synthesis of the three azabenzimidazoles 4.08, 4.11 and 4.14 was initially attempted using
the standard reductive cyclisation conditions employed for the benzimidazole exemplar 3.22
(Scheme 3.02). Interestingly, this approach was only successful in the case of compound 4.08

(Scheme 4.03).

- | / (e} /
IN\ F HoN Q 3.25 Q
B B
Pz N NH
NO, DIPEA N _NH Na,S,04 o N Vi o
THFE | P EtOH, H,0 A =
90% NO, 12%
4.23 4.08

Scheme 4.03: Synthetic route used to prepare azabenzimidazole 4.08.
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Compound 4.23 was prepared from the commercially available 2-fluoro-3-nitropyridine, under
standard SyAr conditions, in 90% yield. The azabenzimidazole was then synthesised using the
pyridone aldehyde 3.25, via reductive cyclisation, in 12% yield. The introduction of the pyridine
nitrogen significantly reduced the yield in comparison to the 48% seen in the case of the

analogous phenyl example 3.22 (Scheme 3.02).

To attempt to access compounds 4.11 and 4.14, an alternative strategy was used, in which the

nitro-group reduction was performed prior to the benzimidazole cyclisation (Scheme 4.04).

|
N

/QN/
10% Pd/C, H-cube
A'L - HoN Q BOH Q
- =

NO, DIPEA A1j:NH NH
THF |
kA2 NO, k

4.24: A'=N, A2 =C, 84% 4.26: A'=N,A%2=C, 87%
425:A'=C,A2=N, 97% 427:A'=C,A%=N, 62%
0 NH
/ o)
H — AcOH, MeOH
3.25 :
/
N

AN NH
L Lo
Az "N —

4.11: A' =N, A% = C, Reaction failed
414:A'=C ,AZ=N, 47%

Scheme 4.04: Synthetic route used to prepare azabenzimidazoles 4.11 and 4.14.

Compounds 4.24 and 4.25 were prepared using SyAr chemistry from commercially available
fluoronitropyridines in 84% and 97% yield, respectively. These were converted to the diamino
compounds 4.26 and 4.27 by hydrogenation with 10% palladium on carbon as the catalyst. The

hydrogenation was performed using H-cube apparatus,*®

and gave the products in 87% and
62% yield. The bis-arylamines were reacted with the pyridone aldehyde 3.25, with acetic acid
present to aid in formation of the benzimidazole ring system after imine formation.**® Despite
the one-pot reductive cyclisation (Scheme 4.03) having been unsuccessful, this two-step

benzimidazole-formation procedure was successful in the synthesis of 4.14. This was despite
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the low nucleophilicity of the pyridyl amine involved in imine formation. The cyclisation
proceeded in 47% yield to give compound 4.14. This gave an overall yield from the
fluoronitropyridine for the synthesis of compound 4.14 of 28%. In the case of 4.11, there was no
product formation seen in the benzimidazole cyclisation reaction. Due to the lack of success in
other aza-benzimidazoles synthesised in reducing the lipophilicity and retaining potency (Table

4.05), the synthesis of compound 4.11 was not pursued further.

To synthesise the pyrazinone compound 4.20, the acid 4.29 was used rather than the analogous
aldehyde as the acid was commercially available (Scheme 4.05). Therefore, a route was

designed analogous to that used successfully in earlier work within this thesis (Scheme 2.11).

() OMNH o

HO  N= /

| |
N N

10% Pd/C, H-cube 4.29

EtOH HATU, DIPEA, DMF

R E— -
NH NH i N NH

67% (i) pPTSA.H;O, Toluene O: M 0
3% N N=

N02 NHZ

3.27 4.28 4.20

Scheme 4.05: Synthetic route used to prepare pyrazinone 4.20.

Intermediate 3.27, which had previously been prepared (Scheme 3.02), was reduced under
similar conditions to those used previously (Scheme 4.04) to give bis-aniline 4.28 in 67%
isolated yield. Compound 4.28 was subsequently reacted with the commercially available
pyrazinone acid 4.29, using HATU to activate the acid. After isolation, the crude material was
cyclised using tosic acid to aid dehydration to give compound 4.20 in 3% isolated yield. The
low yield was as a direct result of poor conversion during the cyclisation which appeared to be
due to low solubility. Increased reaction time, or use of acetic acid to increase solubility

(Section 2, Scheme 2.03), could be applied in future to increase the yield of this reaction.

The final nitrogen-containing compound 4.17 was not readily accessible using any of the
synthetic routes described above. This is due to the relevant aldehyde or acid analogue of the
pyridazinone portion not being readily available. Due to poor BRD4-BD1 potency seen using
the pyridazinone as the acetyl lysine mimetic in a similar chemical series elsewhere within our

laboratories,**® the synthesis of compound 4.17 was not pursued at this stage.
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4.4 Primary Data for Compounds with Benzimidazole Core Replacements

The compounds designed to replace the benzimidazole substituent were profiled in the BRD4-
BD1 FRET assay,A8 and the ChromlogD,u74 was also measured.”” The data for compounds

where the benzimidazole was replaced with a mono-aryl system is shown below (Table 4.04).

NH
Ar4</;{:0

BRD4-BD1
Ar mChromlogD,y74 | ¢cChromlogD, 7.4
pICso (n)
4.01 @ 4.8 (2) 2.7 4.2
4.02 4.6 (2) 3.3 4.6
Ph7
4.05 |/N 54(Q2) 1.7 3.5
|
N\/>
Ph\7
4.07 N’N 5.8(2) 2.5 4.0
W

Table 4.04: Data generated on mono-aryl compounds. Potency at BRD4-BD1 was assessed

using a FRET assay,*® and measured”” and calculated™ ChromlogD, 7.4 are shown.

The data generated on compounds 4.01 and 4.02 shows that the benzimidazole ring system can
be replaced with a phenyl ring, albeit with some reduction in potency. Comparison of
compound 4.02 with the N-methylbenzimidazole 4.36 (Table 4.09) indicates that this change
results in loss of approximately half a log unit in potency. This observation can be rationalised
by the loss of lipophilic surface contact with Leu92 of BRD4-BD1, which is close to the 6-

membered aryl of the benzimidazole ring system.

The N-benzylimidazole 4.05 and N-benzylpyrazole 4.07 showed a good level of activity for

BRD4-BD1, which was rationalised by the reduction in potency due to the loss of interaction
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with Leu92 being offset by an increase in potency derived from interaction of the phenyl of the
benzyl substituent with the WPF shelf. Despite compound 4.05 having the same aromatic ring
count, and indeed similar properties, as the N-methylbenzimidazole 4.36, it is potentially of
interest for further investigation as it would allow different vectors for ESM incorporation due
to the different bond angles in five and six-membered aromatic ring systems. It should be noted

in all cases that the calculated ChromlogD,y7.4 underestimated the measured value significantly.

The compounds with an additional nitrogen atom introduced into the core benzimidazole ring
system were also profiled in the BRD4-BD1 FRET assay,"® as well their ChromlogD,y7 4 being
measured,”’ to establish the impact of these changes (Table 4.05).

BRD4-BD1
Structure mChromlogD,y74 | ¢cChromlogD,y74
pICs (n)

/
N
3.22 Q 54(3) 0.9 2.2

N
4.08 Q 4.9 (2) 0.6 1.4

O
414 |y \H 4.4 (1), <43 (1) 0.2 1.4
N/ N p—
/
N
4.20 Q 4.4(1),<43 (1) 0.8 1.6

Table 4.05: Data generated on compounds made to assess the impact of introduction of
additional nitrogen atoms. Potency at BRD4-BDI was assessed using a FRET assay.*® Both

measured”” and calculated™ ChromlogD, 7 4 are shown.
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The most potent of the aza-analogues was compound 4.08, which showed approximately a 0.5
log unit drop in potency over the benzimidazole analogue 3.22. Unfortunately, there is no
significant impact on the measured ChromlogD,y74 on introduction of the heteroatom into any
position despite this being predicted in silico. This suggests that there were no, or few,
azabenzimidazoles in the test set used to build the in silico model. Introduction of an additional
nitrogen atom into the core of compound 3.22 to give compounds 4.14 and 4.23 led to at least a
log unit loss in potency. The incorporation of nitrogen atoms into the benzimidazole core
therefore does not appear to give any advantage. It was therefore decided not to incorporate

ESMs into the aza-benzimidazole compounds at this stage.
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4.5 ESM-containing Compounds with Monoaryl Cores

The phenyl compounds 4.01 and 4.02 maintained sufficient potency at BRD4-BD1 that
incorporation of an ESM into this series was initiated as previously described (Section 4.2,
Figure 4.02). This was also a desirable structural change due to the corresponding reduction in
aromatic ring count over the benzimidazole giving this series better potential for development in
the longer term.*”' Due to the ortho-methyl of compound 4.02 not conveying any additional
potency, the ESM was incorporated into compound 4.01. The para-position of the phenyl ring
was selected for ESM incorporation, as it appeared the most likely to place the ESM within the
BRD4 protein in a similar position to that of compound 3.19, where it has already been shown
to be tolerated. Due to the relatively low potency of compound 4.01, the ESM-containing
compound was also synthesised with the more potent N-methyl pyridone group present (cf.

compound 3.15, Table 3.03).

4.5.1 Synthesis of ESM-containing Compounds with Monoaryl Cores

To synthesise the phenyl ESM analogues based on compound 4.01, a route was designed
(Scheme 4.06) where the aldehyde required for reductive amination of the amino ester was

taken through a Suzuki reaction using commercially available starting material.

Pd(PPhj), R
PH R R = H: 1M NaHCO3 (aq). IPA N__O
B | a
~OH N. .0 R=Me:KyCO;, toluene, EtOH. | P
o |
B = R=H:19% (@)
H R = Me: 84%
3.24R=H H 430Rr=H
4.29R = Me 431 R=Me
o) NaBH(OAc);
O\ NH, pTSA | AcOH
0 DCM
R=H:31%
3.26 R = Me: 68%

— R =H: 95%
R = Me: 78% Q
434R=H 432R=H
435 R =Me 433 R=Me

Scheme 4.06: Synthesis of ESM-containing analogues of the parent molecule 4.01.

>7 R
N
o o R LiOH / / o
H N THF/MeOH/water “_NH —
% =
0]
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Compound 4.30 was synthesised using Suzuki coupling conditions in an unoptimised 19%
isolated yield from the intermediate aryl bromide 3.24 (Scheme 3.01) and the commercially
available (4-formylphenyl)boronic acid. Compound 4.31 was also prepared using Suzuki
coupling conditions elsewhere within our laboratory.*’” In this case either the non-aqueous
Suzuki conditions, or the methylation of the pyridone nitrogen, led to a significantly increased
yield of 84%. The aldehydes 4.30 and 4.31 were then reacted with the L-leucine cyclopentyl
ester 3.26 under standard reductive amination conditions to give the ESM-containing esters 4.32
and 4.33 in 31% and 68% yield, respectively. The esters were subsequently hydrolysed using
lithium hydroxide to the acids 4.34 and 4.35 in 95% and 78% yield.

4.5.2 Biological Data on ESM-containing Compounds with Monoaryl Cores

Compounds 4.32 to 4.35 were initially profiled in the BRD4-BD1 FRET assay,”® and the

ChromlogD,u7.4 was also measured.”” The data generated is shown below (Table 4.06).

Comparison of the biochemical potency of the ESM-containing compound 4.32 with the parent
molecule 4.02 (Table 4.04, BRD4-BD1 plICs, = 4.6) showed no significant impact on
biochemical potency on incorporation of the ESM ester. The N-methyl pyridone analogue 4.33
showed an increase in potency of approximately 0.5 log units compared with compound 4.32,

which is consistent with data seen previously (Table 3.03).

The ester hydrolysis products 4.34 and 4.35 both showed potencies which were around the
lower limit of the BRD4-BD1 biochemical assay. The level of activity of these compounds is
therefore difficult to assess, although the data indicates a significant decrease in potency
compared to the ester analogues. It was noted that the measured ChromlogD,y74 of the ESM-
containing compounds 4.32 and 4.33 is, in contrast to the ESM-containing benzimidazole 3.19,
approximately ten-fold higher than the predicted value, and puts the compounds into a very poor
physicochemical space. This difference is not seen for the acid hydrolysis products 4.34 and

4.35.
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Structure BRD4-BD1 pICs, (n) mChromlogD,y74 | ¢cChromlogD,y7.4
NH
:,, 7 =0
- NH R
4.32 0 4.9 (3) 6.7 5.7
8!
NH
O
4.34 % NH — 45(1),<4.3(1) 0.4 0.4
o=
OH
i
- NH J—
4.33 o:( 5.5 (4) 7.5 6.3
e
Z / (0]
4.35 % __NH — 45(1),<4.3(2) 0.9 1.1
e
OH

Table 4.06: Biological data generated on ESM-containing analogues of compound 4.01. Potency at BRD4-BDI was assessed using a FRET

A7

assay.A8 Both measured ChromlogD,y;4"" and calculated ChromlogDsz4B2 are shown.
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To assess this new series within a cellular environment, the more potent ESM-containing

compound 4.33 was taken forward into the human whole blood (HWB) assay™' (Table 4.07).

BRD4-BD1 HWB (MCP-1) Permeability
HSA binding
pICs (n) pICso (n) nm/s (n)
4.33 5.5(4) 5.8(2),<5.5(1) 590 (1) 96%

Table 4.07: Biological assay results for the ESM-containing cyclopentyl ester 4.33. Also shown

is the artificial membrane permeability at pH7.4,*"

binding.*"’

and human serum albumin (HSA)

Encouragingly, for two of the test occasions in the human whole blood assay, a pICs, of 5.8 was
measured. On the third occasion the pICsy, was measured as less than 5.5. Nonetheless, given the
low potency, high lipophilicity, and relatively high HSA binding of this compound, this was an
encouraging hint of cellular activity. The data generated on this compound supports further
work in this monoaryl core series. Compound 4.33 was therefore used as a hit molecule for a
new pyridone subseries, and a new programme of work was initiated elsewhere within our

laboratories.*%
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4.6 Design of Compounds to Investigate the Benzimidazole N-Substituent

In addition to investigation of alterations to the benzimidazole core of the initial tool BET-ESM
molecule 3.19, the benzimidazole N-substituent of compound 3.19 was also optimised.
Inspection of the X-ray crystal structure of compound 3.16 (Figure 4.03) established that the
benzimidazole N-substituent occupies the WPF-shelf region of the BRD4 protein. Experience
from previous work in this area (Chapter 2) has shown that the WPF shelf is a key region for
modulating potency. This observation indicates that a wider investigation of the SAR of the
benzimidazole N-substituent has a good chance of increasing potency at BRD4-BDI1. It also
indicates that the use of known SAR from earlier programmes of work within our laboratories,

in particular that reported earlier within this thesis (Chapter 2), will be of particular relevance.

Figure 4.03: X-ray crystal structure of compound 3.16 bound to BRD4-BD1. Compound 3.16 is
shown in green, the protein structure in grey. A molecular surface is added to the protein. The

Trp and Pro WPF-shelf residue side-chains are highlighted with increased bond thickness.
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A series of compounds was designed for synthesis to probe the SAR of the benzimidazole N-
substituent. These compounds were selected to reveal the contribution of the N-substituent to
potency, and to introduce a variety of non-aromatic groups which would lead to final BET—
ESM compounds with acceptable physicochemical properties. A representative subset of the
compounds designed, intended to show the range of functional groups to be incorporated, is
shown below (Table 4.08). General structures are shown prior to the table. The full list of

compounds for synthesis is shown in Appendix 2 (Table 1).

R
N NH
©: p 7 o) Parent substructure
N —
R
o ’ N / NH o
N % _ Ester substructure
(9] N

R

N NH
(0]
PONE G
HO N — Acid substructure

ZT

Substructures for table shown overleaf.
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Substituent type R Parent Ester Acid
Cveli . O/ 3.22 3.19 3.21
1 min
yelie amine 22, 41, 207,
4. 4. 4.
Alkyl _Me 36 37 38
' 35, 53, 0.0,
4.39 4.40 4.41
Alkyl ’ Y
438, 6.4, 1.2,
~_0O
Cvelic amine ' \[ ] 4.42 4.43 4.44
Y N 27, 45, 0.5,
Aevelic amine | 4.45 4.46 4.47
Y NN 22, 41, 0.6,
H
, 4.48 4.49 4.50
Acyclic amide \/NT)/ 25, 43, .10,
4.51 4.52 4.53
Cyclic eth
yctie ethet \Q 3.9, 5.6, 0.3,
. 4.54 4.55 4.56
Acyclic ether /JVO\ 3.8, 5.6, 0.3,
4.57 4.58 4.59
Acyclic alcohol <" 0H
2.6, 4.4, 0.2,

Table 4.08: A subset of the list of changes to be made to the benzimidazole N-substituent, and the predicted physicochemical properties of the parent
benzimidazole, ESM-containing ester and acid hydrolysis product. The cChromlogDpH7,4B 2 is shown in blue, and predicted passive permeabilit™ is

shown in green. The full list of compounds for synthesis is shown in Appendix 2 (Table 1). Compounds 3.19, 3.21 and 3.22 are shown for comparison.
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A range of small alkyl benzimidazole N-substituents, such as the isobutyl of compound 4.39,
were designed as the WPF-shelf region of the BRD4-BD1 protein is known to accept these
groups and maintain a good level of potency, such as in the cyclopropylmethyl substituted
compound 2.49 (Table 2.07). Knowledge from this previous work also inspired the design of
cyclic and acyclic ether compounds, such as compounds 4.51 and 4.54. These two examples
were of particular interest for this programme of work. The tetrahydropyran of compound 4.51
is found in molecule 2.12 (Table 2.09), which was one of the furthest progressed compounds in
the work described earlier within this thesis. The acyclic ether 4.54 was the component of the
lead molecule 2.67 (Table 2.09) which interacted with the WPF-shelf of BRD4-BD1, and
therefore would be expected to convey a very good balance between potency and

physicochemical properties.

It was noted from the in silico profiling performed that incorporation of the ESM motif adds a
significant amount to the lipophilicity of the molecule, predicted at approximately two log units.
To move the ESM-containing compounds into a more desirable physicochemical space, a
number of N-substituents which lowered the calculated ChrornlogmeAB2 further than the ether
compounds were also designed. These included polar groups such as cyclic and acyclic amines,

alcohols, and amides.

The in silico profiling performed showed that the majority of the ESM esters would be predicted
to be close to, or slightly above, the desired lipophilicity (Table 3.04). However, the compounds
were still of interest at this early stage of the programme as changes elsewhere in the molecule,
combined with these changes to the benzimidazole N-substituent may then be used to reduce
overall lipophilicity to the desired value. The esters were all predicted to have medium passive
permeability,”® which should ensure sufficient compound is able to enter the cell. All acids were
predicted to have low passive permeability, which would be necessary to see retention of the

acid within the cell.
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4.7 Synthesis of Benzimidazole N-Substituent Analogues

The synthetic route used to access the compounds designed to investigate the SAR of the
benzimidazole N-substituent was the same as that described previously in the synthesis of
compound 3.22 (Scheme 3.02). In addition, a small number of compounds required an
additional BOC-deprotection step to be performed to yield the final compound. The synthetic

route used is shown below (Scheme 4.07).

o) NH
F ’R | H — 1
HoN NH 3.25 N J NH
E—— , o)
NO, DIPEA NO NayS;04 N —
THF 2 EtOH, water

3.26 33 -100% 12 -73% Full compound list in
Appendix 2, Table 2

If required:
4 MHClin
1,4-dioxane

45 - 99%

Compounds 4.69, 4.81 and 4.84 only.

Scheme 4.07: Preparation of the parent pyridone-benzimidazole compounds designed above
(Section 4.6). The compound numbers and isolated yields of each reaction are shown in

Appendix 2 (Table 2).

The commercially available 1-fluoro-2-nitrobenzene 3.26 was reacted with the appropriate
amine in an SNAr reaction to give the intermediates in 33—100% yield, with the majority of
reactions proceeding in over 80% isolated yield. These intermediates were reacted with
aldehyde 3.25 in a reductive cyclisation reaction using reaction conditions previously described
(Section 3.4.2.2).* The products were isolated in 12-73% yield, with the majority of reactions
proceeding in over 40% yield. The subsequent BOC-deprotection to give compounds 4.69, 4.81
and 4.84 was performed with hydrochloric acid, and provided these final compounds as the
hydrochloride salts. The isolated yields of each reaction, as well as the intermediate compound

numbers are shown in Appendix 2 (Table 2).
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4.8 Primary Data for Benzimidazole N-Substituent Changes

The compounds described above (full compound list in Appendix 2, Table 2) were profiled in a
range of biochemical and physicochemical assays, as described previously (Section 3.4.3). As
the compounds did not contain an ESM group, the key data generated was the BRD4-BD1
potency and the mChromlogD,y74 (Table 4.09). This data would be used to prioritise which

molecules would be of interest for ESM incorporation.

BRD4-BD1 | mChromlogD | c¢ChromlogD

R type R
pICs (n) (pH7.4) (pH7.4)
Cyclic N~
3.22 ) 54 (3) 0.9 2.2
amine
4.36 Alkyl _Me 5.0(3) 1.8 3.5
4.60 Alkyl 52(2) 2.2 3.9

4.63 Alkyl 5.5(1) 2.7 43

N
A
439 | Alkyl \( 5.9 (2) 3.4 48

466 | Alkyl 6.0 (2) 3.0 43
Cyclic

4.69 . [T 48 () 0.3 1.1
amine -

. |

Cyclic N

4.72 . J/\J 57(2) 23 2.6
amine B
Cyclic

4.75 . | 52(2) 0.6 2.6
amine ~

130



CONFIDENTIAL — PROPERTY OF GSK— DO NOT COPY

R R BRD4-BD1 | mChromlogD | cChromlogD
type
pICso (n) (pH7.4) (pH7.4)
Cyclic N~
4.78 ‘ 57(2) 0.9 2.7
amine
@)
Cyclic ’
4.42 v \[ ] 5.8(2) 1.8 2.7
amine III
Acyclic
4.81 Y ~N 47(2) 0.6 15
amine - ~
Acyclic NN
4.84 . ’ H 4.6 (2) 0.3 1.6
amine
Acyclic |
4.45 ) 5.6 (2) 1.9 2.2
amine NN
Acyclic NS
4.87 . | 4.7 (2) 0.8 2.2
amine
Acyclic o
4.90 . o~ 46(2) 1.0 2.5
amide H
Acyclic o
4.93 . ~e | 4T 1.2 2.7
amide H
, H 4.4 (1)
Acycl >
4.48 e \/Nj( 1.0 2.5
amide o) <43 (1)
Cyclic
4.96 Y \Co 5.8 (3) 2.0 3.5
ether
Cyclic 0]
4.99 Y ‘ \L) 5.5(2) 25 3.8
ether
Cyclic
4.51 6.4 (2) 2.2 3.9
ether \@
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BRD4-BD1 | mChromlogD | c¢ChromlogD
R type R
pICs (n) (pH7.4) (pH7.4)
Cyclic
4.102 6.7 (3) 2.7 3.9
ether 0O
at0s | Ve 6.3 (2) 3.6 42
' ether @ ' ' '
Cyclic
4.108 Y J:\)O 54(1) 2.1 34
ether
Acyclic
4.111 O 5.5(012) 2.1 3.5
ether
4.54 Acyelic J\/ 59(1) 2.5 3.8
- ether N0 ' ' '
Acyclic
4.57 " N""0H 53(2) 1.3 2.6
alcohol
Acyclic
4.114 ~~_-OH 4.8 (2) 1.1 2.3
alcohol
Acyclic
4.117 ,J\/OH 5.4 (4) 1.5 2.7
alcohol

Table 4.09: Data generated on compounds with benzimidazole N-substituent changes. Potency
at BRD4-BD1 was assessed using a FRET assay.*® Measured”” and calculated®” ChromlogD
are shown. Compounds 4.69, 4.81 and 4.84 were synthesised as hydrochloride salts.

The biochemical data generated showed that the potency of the molecules at the BRD4-BD1
bromodomain can be significantly altered by modification of the N-substituent, as would be
expected. The compounds synthesised showed a wide range of potencies at BRD4-BD1 (pICs,
from < 4.4 to 6.7). The most potent examples are the 3-methylenetetrahydropyran 4.102, as well
as the 4-methylenetetrahydropyran 4.51, both substituents which were designed as they were
very potent in previous work reported (Table 2.07, Compounds 2.07 and 2.08).
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The alkyl examples, such as 4.39 and 4.66, indicate that lipophilicity is well tolerated in this
region of the molecule, and as expected potency increases with increasing size of the
substituents. A number of cyclic amine examples also show good potency, especially those with
an amine in the heterocyclic 3-position such as compounds 4.78 and 4.42. These examples show

a significantly lower measured ChromlogD,y7 4 than the alkyl, and indeed ether, substituents.

Data generated on the secondary acyclic amines 4.81 and 4.84 suggests that the protein will not
tolerate a hydrogen bond donor in this region. The methylated analogue of 4.81, compound
4.45, showed a ten-fold increase in potency to support this hypothesis. However, this was not
consistent in the methylated analogue of 4.84, compound 4.87, which did not show a
corresponding increase in potency. These data are surprising given the relative potency of a
wide range of cyclic tertiary amines in this region of the molecule. In contrast to the amines,
none of the acyclic amide-containing substituents synthesised showed good potency at BRD4-

BDI1. Again, these compounds also contain hydrogen bond donors.

All cyclic and acyclic ethers show good potency at BRD4-BD1, ranging from pICs, of 5.4 to
6.7. This type of substituent showed the most consistently good potency in the biochemical
assays. However, the measured ChromlogD,y74 of these compounds is significantly higher of
that of the amines, which needs to be considered when selecting which compounds would be
synthesised with ESM groups incorporated. It appears from the tetrahydrofuran and
tetrahydropyran compounds that the position of the oxygen in the heterocyclic ring makes little
difference in potency. An increased number of test occasions would be required to identify

whether there are any small but significant differences between these compounds.

Finally, in contrast to the data seen for the secondary amines and amides, it appears that a
hydrogen bond donor can be accommodated in the WPF-shelf region of the protein when
present in alcohol examples 4.57 and 4.117. The slightly less lipophilic alcohol 4.114 shows a

corresponding reduction in potency.

In summary, cyclic and acyclic ethers were identified as the most promising benzimidazole N-
substituents to balance potency and lipophilicity. However, the potency levels of the alcohol and
amine substituents were also encouraging given their lower lipophilicities. The range of
potencies and lipophilicities measured is particularly useful for any future ESM incorporation,
as this will allow ESM-containing compounds to be made with a range of biochemical and
physicochemical properties. This would provide increased understanding of which properties

are most important in optimising the HWB potency of ESM-containing compounds.
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4.9 Incorporation of ESMs into Pyridone Benzimidazole Template

Using the data generated on the compounds made to investigate the benzimidazole N-
substituent (Table 4.09), a number of ESM-containing compounds were designed to probe
whether modifications to the N-substituent gave compounds with an improved profile over the
initial tool molecule 3.19. The key data used to design these compounds was the potency and
lipophilicity of the parent benzimidazoles (Table 4.09). The most potent substituents were
incorporated into the structure of compound 3.19, and in addition a range of functional groups

and lipophilicities were targeted. The final list of compounds is shown below (Table 4.10).

R
N NH
U POREE.
OJ\(N( Van -
R cChromlogD 7.4 Parent molecule
N/
3.19 4.1 3.22
4.37 _Me 5.3 4.36
4.76 ’ 4.4 4.75
N
|
4.46 ~UN 4.1 4.45
4.58 " "0H 4.4 4.57

~_O
4.43 \[ j 4.5 4.42
N
|
4.52 } 5.6 4.51
h Q!

4.112 O 53 4.111

Table 4.10: List of compounds for synthesis where the piperidine N-substituent of compound

3.19 has been replaced, with their cChromlogDpH;[,.B ? Compound 3.19 is shown for comparison.
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Hydrolysis by hCE-1 may be affected by the shape of the molecule due to differing efficiency of
binding of the compound to hCE-1. Therefore, as well as selecting compounds with a parent
molecule which maintains potency, a range of functional groups within the N-substituent were
selected. The changes to the benzimidazole N-substituent reflect a range of conformational
changes such as complete truncation of the piperidine to a methyl group in compound 4.37, or
increased flexibility by insertion of a methylene linker between the benzimidazole and
piperidine of the tool molecule 3.19, such as in compound 4.76. More polar substituents, such as
the dimethylamino group of compound 4.46 and the alcohol of compound 4.58 were also
selected, as these were the most potent acyclic amine and alcohol substituents identified
previously (Table 4.09). The morpholine of compound 4.43 gives a final molecule with a

predicted lipophilicity close to that of the piperidine analogues, but with a lower basicity.

To ensure that the most potent N-substituents were represented, the tetrahydropyran of
compound 4.52 was included, and this was supplemented by the more flexible ether 4.112.
Although these analogues had a predicted lipophilicity higher than was desired, if these
compounds were of interest further optimisation in other areas of the molecule could be initiated

to move them into a more drug-like physicochemical space.
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4.10 Biological Data on ESM-containing Compounds from Pyridone

Benzimidazole Template

To aid the speed of progression of the BET-ESM programme at this critical juncture, the
compounds designed to investigate the benzimidazole N-substituent (Table 4.10) were
synthesised by final compounds and intermediate preparation being spread between myself and
a number of other synthetic chemists within our laboratories.*'’ The route used to access these
compounds was directly analogous to that used successfully to prepare the initial ESM-
containing compound 3.19 (Scheme 3.03). Once synthesised, the compounds were then profiled
in the BRD4-BD1 FRET assay*® and the LPS-stimulated human whole blood (HWB) assay."'

The ChromlogD,y7.4 Was also measured.*” The data generated is shown below (Table 4.11).

The impact on biochemical potency at BRD4-BD1 of the benzimidazole N-substituent was
consistent between the previously described parent molecules (Table 4.09) and their ESM-
containing analogues (Table 4.11). In all cases, the incorporation of the ESM had no significant
impact on biochemical potency. In contrast, the potency in the LPS-stimulated HWB assay was
significantly impacted by the nature of the benzimidazole N-substituent. In the case of a number
of the compounds, such as the amines 4.76 and 4.43, and the alcohol 4.58, there was little
difference between the biochemical and HWB potency. This was consistent with the data for the
initial tool molecule 3.19. This implies that the ESM is not contributing significantly to the
HWB potency. This may be due to a number of factors such as a lack of hCE-1 hydrolysis, or

poor retention of the subsequent acid by the cell.

However, for a number of compounds there was over a ten-fold increase in pICsy between the
biochemical and HWB assays. This was seen in the truncated N-methyl analogue 4.37, the
dimethylaminoethyl 4.46, the tetrahydropyranyl 4.52 and the methoxyethyl 4.112. Due to the
similarity in physicochemical properties of acids generated by the compounds which show
variable HWB potency, it was hypothesised that higher HWB potency is a result of a higher
turnover of the ester by hCE-1.

R

N NH
Q2 -
0 N —

Substructure of compounds in table overleaf.
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HWB ApICs,
BRD4-BD1 cChromlogD 7.4/
R (MCP-1) (HWB -
pICsy (n) mChromlogD 7 4
plCso (n) BRD4)
N~ 5.6 (3),
3.19 5.3(7) n.d. 41/4.2
<6.9 (1)
4.37 _Me 52(2) 6.8 (2) 1.6 53/55
4.76 ) 54(2) 5.8 (4) 0.4 44/39
N
|
4.46 o~UNC 540) 6.5(2) 1.1 41/5.5
458 | -~ ~""0OH 5.5Q2) 5.8(2) 0.3 4.4/4.7
0]
4.43 \[Nj 5.903) 6.1(2) 0.2 45/5.1
|
4.52 ’ \@ 6.1 (10) 7.7 (33) 1.6 5.6/54
4.112 ~-O 5.703) 7.2 (2) 1.5 5.3/5.7

Table 4.11: Data generated on benzimidazole N-substituent analogues of compound 3.19.
Potency at BRD4-BD1,** and HWB potency *'  were measured. Both measured”’ and

calculated™ ChromlogD,y7 4 are shown. Compound 3.19 is shown for comparison.

Due to its high shift from biochemical to HWB potency, combined with the high absolute HWB
potency as a result of its higher biochemical activity, the tetrahydropyranyl analogue 4.52 was
selected for progression into the macrophage acid retention assay (Figure 4.04).*° This assay
was performed as previously (Section 3.4.3.2), except with a 24 hour time course. The amount

of ester 4.52 and acid hydrolysis product 4.151 in cell lysates and supernatants were measured.

Over the 24-hour time course of the macrophage acid retention assay, the majority of the ester
4.52 had been converted into the acid hydrolysis product 4.151. In this assay, 10 nmoles of the
ester was incubated with the isolated macrophages at the outset. After 24 hours, only 2.6 nmoles

of the ester 4.52 was detected; this is in contrast to the experiment where the tool molecule ester
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3.19 was incubated and 7.3 nmoles of the ester was detected at 24 hours. In both experiments
the esters were shown to be stable under the assay conditions. This supported the hypothesis
that an increased hydrolysis rate for compound 4.52 is the cause of the increased shift between

the biochemical and HWB assays for compound 4.52 over 3.19.

o] o]
N NH N NH
QI e A L
(@) N — +Li'O)K%/ N —
4.52 4.151
10 4

)

g

= =@ Ester 4.52

z 1 (supernatant)

3

g —@—Acid 4.151

g N (supernatant)

(8]

5 01 Ester 4.52

%’ —x (cell lysate)

g =>=Acid 4.151
(cell lysate)

|
0-01 T T T T 1
0 6 12 18 24
Time (h)

Figure 4.04: The concentration in supernatant and cell lysate of both ester 4.52 and its
corresponding acid 4.151 after incubation of compound 4.52 with M1 macrophages over a time

course of 24 hours. Structures of the compounds are shown above the table.

Although compound 4.52 showed an increased rate of hydrolysis, the acid was still not retained
within the cell over an extended time course. It can be seen from the data above (Figure 4.04)
that the acid 4.151 is expelled into the supernatant. The amount of acid within the cell at six
hours, a time-point believed to be biologically relevant, was compared after incubation of the
macrophages with ester 4.52 (acid 4.151), ester 3.19 (acid 3.21) and the standard non-ESM BET
inhibitor [-BET151 1.06 (Figure 1.16). This data is shown below (Figure 4.05).
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Figure 4.05: The amount of compound (1.06) or ester hydrolysis product 3.21 (ester 3.19) and

4.151 (ester 4.52) within the cell lysate at 6 hours in the macrophage acid retention assay.”

At six hours, the amount of acid 4.151 measured in the macrophage cell lysates was
approximately 10-fold higher than the concentration of 1.06, and over two fold higher than that
of acid 3.21. This shows the effect of the ESM in altering cellular concentration of BET
inhibitor within the macrophages, and is evidence for why it is having such a profound effect on

the HWB potency (Table 4.11).

Analysis of the complete data set generated on compound 4.52 shows that this compound meets
the in vitro probe criteria set out at the beginning of this programme of work (Figure 4.01). In
particular, the shift of pICsy between the HWB and biochemical assays means that this

compound can be used as an in vitro probe molecule.
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4.11 Conclusions and Future Work within the ESM Programme

The generation of a wide range of biochemical and physicochemical SAR on the pyridone
template has established that there are multiple areas which will allow optimisation of the
pyridone-benzimidazole series. In particular, the optimisation of the benzimidazole N-
substituent reported within this thesis, led to the identification of the first known example of a

BET—ESM in vitro probe molecule 4.52 (Table 4.12).

)

N NH
O\ i H\)ij[/ / ©
N _
0 N

Desired Profile 4.52

Minimal loss of activity
BRD4-BD1 pICs (n) 6.1 (10)
from non-ESM parent

HWB (MCP-1) pICs (n) N/A 7.7 (33)
ApIC50
> 1 1.6
(HWB - BRD4-BD1)
ESM hydrolysed in
Yes
Macrophage cell retention macrophages
assay Acid present in cell at 6
Yes
hours

Table 4.12: Comparison of compound 4.52 with desired in vitro probe molecule profile.

The in vitro probe molecule 4.52 has been used extensively within our laboratories to perform
the biological profiling of a BET-ESM compound. These studies have increased our
understanding of ESM technology, and support our original hypothesis that the use of ESM
technology has potential to increase the therapeutic index of compounds over the currently

established BET bromodomain inhibitors.
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As a result of these encouraging data, the focus of the BET-ESM programme subsequently
progressed from probe identification into a full lead optimisation programme. This required
optimisation of the compounds towards a new set of criteria, which reflect the biological and
physicochemical profile required to produce a molecule suitable for progression into pre-clinical
development. The SAR generated on the pyridone-benzimidazole template within this reported
work indicates that modification of the structure can impact a range of developability criteria
including biochemical and cellular potency, lipophilicity, and solubility. The template was

therefore declared as a lead series which could be optimised towards these goals.

In addition to the successful work on the pyridone-benzimidazole series, the work reported has
identified an alternative starting point for optimisation of compounds towards a pre-clinical
candidate profile within the BET-ESM area. This biaryl pyridone series was exemplified by the
ESM-containing compound 4.33. A new programme of work was required to follow up the
encouraging data generated on this compound. This series was an encouraging starting point for
development as reduction in the aromatic ring count, as well as reduction in size of the
molecule, makes it possible to more easily design compounds within a drug-like
physicochemical space. A programme of work is currently underway elsewhere within our

laboratories to capitalise on the initial findings in this area.***
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Chapter 5

Discovery of an |n Vivo Tool BET Bromodomain

Inhibitor Containing an Esterase Sensitive Motif

“The line between good and evil is permeable and almost anyone can be induced to cross it when
pressured by situational forces.”

Philip Zimbardo.

Synopsis

As a result of positive data reported on the in vitro probe molecule 4.52, the use of esterase
sensitive motifs to increase the therapeutic index of BET bromodomain inhibitors was validated
as a viable medicinal chemistry strategy. To progress this area of research further, the pyridone
benzimidazole series was optimised towards criteria consistent with the discovery of a pre-
clinical candidate molecule. This chapter describes the medicinal chemistry design and
synthesis undertaken to optimise compound 4.52 in light of these criteria, and the progress
towards a molecule with properties which would allow its use as an in vivo tool. The lead
compound is currently undergoing further profiling to assess its suitability as a pre-clinical

candidate molecule.
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5.1 Aims of BET-ESM Compound Optimisation

The discovery of the initial BET-ESM tool molecule 3.19 (Figure 5.01) had given proof of
concept for using ESM technology to target BET bromodomain inhibitors to cells of the
monocyte-macrophage lineage. Subsequent optimisation of the pyridone benzimidazole
template led to the in vitro probe molecule 4.52 (Figure 5.01). This compound had a potency
and phenotype within an LPS-stimulated human whole blood assay*' comparable with the non-
ESM-containing candidate molecule 2.67 reported earlier within this thesis. This potency was
postulated to be driven by the lower BET bromodomain potency of compound 4.52 compared
with compound 2.67 via the cleavage and retention of the ESM ester hydrolysis product within
monocytes and macrophages. These data are a strong indication that the concept of ESM
technology is an attractive strategy for the identification of a BET bromodomain inhibitor with

an increased therapeutic index in pre-clinical models than that of compound 2.67.

/ 0

3.19 4.52

Figure 5.01: The BET-ESM in vitro tool molecule 3.19, and in vitro probe molecule 4.52.

The ultimate aim of the work reported within this chapter was to identify a clinical candidate
molecule within the BET bromodomain area that can be used to treat patients with immuno—
inflammatory diseases such as rheumatoid arthritis. To achieve this aim, a BET-ESM molecule
must first be progressed into pre-clinical safety and efficacy studies. At the outset of the work
subsequently described, there were no known BET-ESM molecules with properties which

would allow in vivo dosing, either within our laboratories or in the wider scientific literature.

A large number of criteria must be met for progression into pre-clinical candidate studies, three
of which were identified as particularly critical for this programme of work. Firstly, the
compound must show robust biological efficacy at a level comparable to the current BET
candidate molecule 2.67. Secondly, the compound must meet GSK’s new guidelines for

candidate quality, which are aimed at reducing cost and attrition within pre-clinical and clinical
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development. These are designed to maximise solubility whilst minimising dose and property
forecast index (PFI).”*' Thirdly, the compound must have an in vivo pharmacokinetic profile in
cynomologus monkey suitable for oral dosing in a pre-clinical safety study. In light of these

criteria a desired compound profile was established (Figure 5.02).

e  Human whole blood (HWB) pICs, > 7.0

e > 10-fold shift in pICsy from biochemical to HWB assay
e PFI<7,ideally PFI <6.

e  Solubility in FaSSIF media > 100 pg/ml.

e  [nvitro intrinsic clearance (cynomologus S9 fraction) < 10 ml/min/g

Figure 5.02: The criteria established for a BET-ESM in vivo probe molecule.

Due to there being no high throughput hCE-1 hydrolysis assay, or macrophage retention assay,
available for SAR generation, the HWB assay was used to measure the contribution of the ESM
technology to potency. We aimed to identify a compound with comparable potency in the HWB
assay to the pre-clinical non-ESM BET bromodomain inhibitor 2.67, driven from a biochemical
potency at least 10-fold lower than its HWB potency. This would imply that the HWB potency
had been enhanced by the hydrolysis and retention of the ESM ester.

GSK’s candidate quality criteria were officially adopted in late 2012 for the assessment of all
molecules considered for candidate selection. Low risk compounds are identified as those with a
PFI < 6,>°' FaSSIF solubility of > 100 pg/ml,*** and a predicted human dose of < 100 mg. For
each of the criteria not fulfilled, the risk is considered to have increased. The successful use of
ESM technology would be expected to provide a low-dose compound, so the desired compound

criteria were focussed on reducing the PFI and increasing the FaSSIF solubility of compounds.

Due to the low sequence homology between rodent, dog, and human esterases, it was planned to
carry out pre-clinical toxicity studies of compounds using ESM technology using cynomologus
monkeys, where the sequence homology is greater.”” Ethical considerations make running
routine DMPK studies using monkeys impossible,”* and therefore in vitro clearance was used
to drive the DMPK-related optimisation of compounds. For this, an intrinsic clearance assay”'>

5.05

using cynomologus monkey liver S9 fraction’™ was used.

This chapter describes the work undertaken to identify a compound which met these in vivo

probe molecule criteria (Figure 5.02). This molecule could then be progressed into an in vivo
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DMPK study in cynomologus monkey to establish its suitability for pre-clinical safety and
efficacy studies.
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5.2 Medicinal Chemistry Design of Compounds for Synthesis

As a starting point for optimisation, the in vitro probe molecule 4.52, identified in Chapter 4,
was assessed in relation to the desired compound profile for further progression (Figure 5.02).

The data for compound 4.52 in comparison with this profile is shown below (Table 5.01).

)
N NH
QI L~
0 N —
4.52
Desired 4.52
BRD4-BD1 pICs, (n) N/A 6.1 (10)
HWB (MCP-1) pICs, (n) >17.0
ApICs, (HWB — BRD4-BD1) >1
mChromlogD,y7 4 <4
PFI <7
FaSSIF Solubility (ug/ml) > 100
Cyno S9 clearance (ml/min/g) <10

Table 5.01: Profile of compound 4.52 in comparison with the desired compound profile.
Included are data from the BRD4-BD1 mutant FRET assay,*® the HWB assay,"’ and the ApICs,
between these assays. The measured ChromlogDpH7,4A7 is shown. In vitro clearance is measured
in cynomologus liver 89 fraction,*? and solubility in FaSSIF media.*" Data which meets the

criteria is highlighted in green, data which does not is highlighted in red.

Unsurprisingly, given its profile in the macrophage cell retention assay (Section 4.10),
compound 4.52 meets the HWB potency criteria, as well as having the desired biochemical to
HWB potency shift. The compound also shows a reasonable level of solubility. However, due to
its high lipophilicity, the PFI is well above that desired in a molecule for progression towards in

vivo studies. This would be likely to negatively impact developability criteria such as the PK
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profile, solubility and toxicity.”®' For example, the high lipophilicity is likely to be contributing

to the high in vitro clearance of the compound.

By comparison of compound 4.52 to the desired compound profile, the strategy to optimise
compound 4.52 was tailored to reducing lipophilicity whilst maintaining the desirable HWB
potency. As already shown within this thesis (Section 4.10), the nature of the substituent on the
benzimidazole has a limited impact on the overall lipophilicity of the molecule, and initial
optimisation of this area of the molecule did not deliver a compound which met the desired
compound criteria. In contrast, in silico profiling showed that small modifications of the ESM
portion of the molecule are predicted to have a dramatic effect on lipophilicity. Therefore, it was

decided that the priority for the medicinal chemistry was to focus on optimisation of the ESM.

The design of amino ester ESMs to be synthesised was inspired by a number of sources. Firstly,
known ESM groups within the literature were researched, and in addition to these a set of amino
acid cyclopentyl esters of naturally occurring amino acids that were under synthesis elsewhere

within our laboratories>

were also considered. Secondly, in silico profiling was used to
analyse all commercially available starting materials, and then bias the set of amino esters
towards those which would be predicted to give compounds with good physicochemical
properties. Lastly, a docking of compound 4.52 to hCE-1 was performed (Figure 5.03) which

was used as an aid when visually inspecting possible amino esters for synthesis.

Figure 5.03: Compound 4.52 (blue) docked into hCE-1 (loops in green, yellow and orange).
The molecular surface of the protein is shown with a transparent grey surface. The amino ester

and benzimidazole are sat within the enzyme, the THP and pyridone exit out of the pocket.
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An in silico profiling process, followed by rational medicinal chemistry design, was used to
generate a final list of amino esters for synthesis. This process was performed in two stages;
firstly on amino acids which would be synthesised as cyclopentyl amino esters, and secondly on
alcohols which would be used to make various amino esters of leucine. The process used to

select the amino acid monomers is outlined below (Figure 5.04).

Extract amino acids from ACD list (~40 k)

!

Remove mwt > 200 (~7 k)

!

Remove clogP > -1 (~5.5 k)

!

Remove reactive functional groups (~3.5 k)

!

Remove multiple isotopes and sterecisomers (~2 k)

4

Cluster and narrow down by eye (68)

!

Profile final compounds and select (12)

=

Figure 5.04: The process used to select amino acid starting materials for incorporation into
final ESM-containing molecules. The ACD list used is the Accelrys Available Chemicals

. 5.07 . . .. . .
Directory.””" The number of amino acids remaining after each stage is shown in brackets.

The initial list of amino acids was taken from the Accelrys ‘Available Chemicals Directory’.
This was converted into a SMILES format™® and manipulated using GSK’s in-house Helium

software>"’

within Microsoft Excel. The amino acids were then filtered on the physical
properties of molecular weight and clogP, with the aim of keeping both of these as low as
possible. The filters used were slightly less restrictive than those of leucine (mwt of 131, clogP
of -1.3) as improvements may be made by further optimisation elsewhere in the molecule. The
list was also filtered by removing amino acids with reactive functional groups, as well as

rationalising into one single isotope and stereoisomer in each case.

These filters led to a list of approximately two thousand amino acids, which was clustered into
groups of structural similarity using Ward’s clustering.”'® The use of the clustering algorithm

allowed all two thousand amino acids to be inspected by eye within a workable timeframe. This
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inspection was used to select compounds which looked plausible substrates for binding to hCE-

1, contained sensible drug-like functional groups, and retained a variety of structural diversity.

The resulting 68 amino acids were each incorporated in silico into the full molecule which
would be synthesised. In order to accurately establish the effect of the newly incorporated ESM
groups on HWB potency and lipophilicity, all modifications were made to the ESM of
compound 4.52, with the rest of the molecule remaining constant. This gave 68 analogues of
4.52, where the isobutyl side-chain of leucine had been replaced. These full structures were
profiled in silico and compounds with a higher cChromlogmeABz than 4.52 (4.9) removed.
Each compound was then considered individually in terms of the rationale for synthesis and
synthetic tractability, and a final list of 12 compounds to be synthesised was generated. These

are shown, along with their rationale for synthesis, below (Table 5.02).

O
N NH
ESM /CE —~ ©
SM._ N —
Amino Ester ESM cChromlogD 7.4 Design rationale
I XK
o N.._ - In vitro probe molecule 4.52,
4.52 4.9
included in table for comparison.
- Smallest possible substituent, much
5.01 3.5 lowered lipophilicity.
- ESM known in literature.”"
- Slightly more hindered than 5.01,
O\ O H may reduce hydrolysis rate but may
5.02 O)KLN 4.4 be more specific for hCE-1.
- Not known in literature so will
enhance ESM SAR.
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Amino Ester ESM

cChromlogD, 7.4

Design rationale

5.03

SNy
N...

O

4.4

Most simple change to 4.52 whilst
lowering lipophilicity.
Not known in literature so will

enhance ESM SAR.

5.04

BN

4.0

Lowered lipophilicity over 4.52.
Does more hindered amino ester
reduce hydrolysis rate?

ESM known in literature.>'2

5.05

2.8

Large reduction in lipophilicity.
Is hydroxyl tolerated in hCE-1?
Is there an effect of altered

electronics on ester hydrolysis?

ESM known in literature.> !

5.06

3.1

Similar rationale to 5.05, but with

more hindered amino ester.

ESM known in literature.>"

5.07

3.5

Reduction of lipophilicity without
introducing hydroxyl functionality.
Commercially available amino acid.
Not known in literature so will

enhance ESM SAR.

5.08

3.7

Is tertiary amine ESM hydrolysed
by hCE-1?

Lowered lipophilicity over 4.52.
Not known in literature so will

enhance ESM SAR.

5.09

4.0

Quaternary centre on amino ester,
more hindered than 5.01.
Reduced lipophilicity over 4.52.

Known in literature.>!*
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Amino Ester ESM c¢ChromlogD 7.4 Design rationale

- Is basic group tolerated by hCE-1?
- Reduced lipophilicity over 4.52.

5.10 3.1
- Not known in literature so will
enhance ESM SAR.
- A less lipophilic analogue of the
cyclohexyl ESM of key HDAC
5.11 3.7 compound 3.02 (Figure 3.01).>"

- Not known in literature so will

enhance ESM SAR.

- Constrained analogue of 5.09, less
5.12 3.7 hindered ester.
- ESM known in literature.>'*

Table 5.02: Compounds for synthesis, with their cChromlogDpH7,4B % and their design rationale.

A similar in silico profiling process, followed by rational design, was undertaken to design a set

of alcohols to be incorporated into amino acid esters (Figure 5.04).

Figure 5.04: Process used to identify alcohol starting materials for incorporation into final
ESM-containing molecules. The ACD list is the Accelrys Available Chemicals Directory.””” The

number of alcohols remaining after each stage is shown in brackets.

151



CONFIDENTIAL — PROPERTY OF GSK— DO NOT COPY

The full list of commercially available alcohols was taken from the Accelrys ‘Available

Chemicals Directory’. This was, as with the previous amino acid list, converted into a SMILES

5.08 5.09

format™™ and manipulated using Helium>™ within Microsoft Excel. The list was filtered on the
physical properties of molecular weight and clogP, with the aim of keeping both of these as low
as possible. The filters used were slightly less restrictive than those of cyclopentanol (mwt of
125, clogP of 1.5) as improvements may again be made by further optimisation elsewhere in the
molecule. The list was also simplified by rationalising into one single isotope and stereoisomer

in each case, followed by the removal of reactive functional groups.

At this point, a list of approximately 1500 alcohols remained. This was clustered into groups of
structural similarity using Ward’s clustering,*'" and then inspected by eye to retain both
sensible drug-like functional groups and a variety of structural diversity. The remaining 45
alcohols were each incorporated in silico into the full molecule which would be synthesised.
This gave 45 analogues of 4.52, where the cyclopentanol ester substituent had been replaced.
These structures were profiled in silico and compounds with a higher cChromlogDpH7,4B2 than
4.52 (4.9) removed. The remaining compounds were considered in terms of the medicinal
chemistry rationale for synthesis, as well as their synthetic tractability. Using these criteria, a
final list of six compounds for synthesis was generated (Table 5.03). In all cases, the amino
ester ESMs were not known in the literature, so their synthesis will also increase the knowledge
of ESM SAR. The in silico profiling process described led to a list of 18 modifications in total
to the ESM of compound 4.52 which required preparation. The synthesis of these compounds is

described in the subsequent section (Section 5.3).

Substructure of compounds in table overleaf.
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Amino Ester ESM

c¢ChromlogD 7.4

Design rationale

4.52

4.9

In vitro probe molecule 4.52,

included in table for comparison.

5.13

3.9

Truncation of cyclopentyl, maintains
secondary centre next to ester.

Reduced lipophilicity over 4.52.

5.14

4.7

Less hindered ester than cyclopentyl
would be expected to be less stable
to hydrolysis.

Does this affect hCE-1 turnover?

5.15

4.7

No secondary centre next to ester.
Sterics of tert-butyl should mean
neopentyl ester more stable than

other primary esters.

5.16

3.8

Introduction of heteroatom
significantly reduces lipophilicity
over 4.52.

How does introduction of oxygen
atom impact hCE-1 binding and

ester stability?

5.17

3.6

Open chain analogue of 5.16, also
reduces lipophilicity over 4.52.
Secondary centre next to ester

maintained.

5.18

4.0

Ring expansion of 5.16, still has
reduced lipophilicity over 4.52.

Table 5.03: Compounds for synthesis, with their cChromlogD,7 4 and rationale for synthesis.
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5.3 Svynthesis of Initial Target Molecules

To synthesise the compounds described above (Section 5.2, Tables 5.02 and 5.03), a new
synthetic route was designed. This enabled coupling of the amino ester ESM monomer to the
benzimidazole core as the final step in the synthesis using a reductive amination reaction

(Scheme 5.01), and significantly reduced the total number of reactions required.

0 (0]

2 N NH
N J NH R o 4 /
Z O R? N % _ o
0 N — ~0 N

H R?

Scheme 5.01: General route used to synthesise the BET-ESM compounds designed in Section
5.2.

A number of key intermediates were required to implement this synthetic strategy. Route
optimisation of the method used previously to synthesise compound 3.19 (Scheme 3.03) led to a
robust synthetic route to the required aldehyde 5.19.°'° The order of reactions was altered, and
an additional oxidation reaction was incorporated. This allowed the aldehyde to be introduced
after the benzimidazole cyclisation reaction was complete, to avoid any competing processes
from occurring. After optimisation, this synthetic route was performed on a multi-gram scale to

allow the synthesis of the desired final compounds (Scheme 5.02).

The commercially available fluoro-nitro benzyl alcohol 5.20 was reacted under standard
nucleophilic aromatic substitution (SyAr) conditions to give the aromatic amine 5.21 in
quantitative yield. This amine was reacted with the previously prepared pyridone aldehyde 3.25
(Scheme 3.02), using the now standard reductive cyclisation reaction™” to give benzimidazole
5.22 in 38% isolated yield. The benzylic alcohol of 5.22 was oxidised to give the aldehyde 5.19
in 82% isolated yield. The oxidation was performed using stabilised 2-iodoxybenzoic acid
(IBX)*'® due to the clean reaction profile observed. Although it required an extended reaction
time of 72 hours, due to the limited solubility of IBX, dichloromethane was used as the reaction
solvent in preference to the more commonly used dimethylsulfoxide. This was due to the
simplification of the reaction workup on a large scale. This synthetic route gave an overall yield
of 12% from the commercially available 5.20, and was used routinely to deliver multi-gram

quantities of aldehyde 5.19.
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DIPEA, THF
5.20 100% NO>
5.21
N828204
EtOH, H,0

o O
q IBX (stabilised)
N NH DCM N NH
r—_)=o 9 H \/C[ r—_ )0
0] N — 82% @) N —
H

5.22

Scheme 5.02: The synthesis of key aldehyde intermediate 5.19.

In order to allow the reductive amination as the final step, as described above (Scheme 5.01),
the required amino ester building blocks were also synthesised. As synthetic tractability had
been taken into consideration during the design process, the amino acid and alcohol building
blocks required were all commercially available. In addition, a number of amino esters were
already under synthesis for a programme of work ongoing elsewhere within our laboratories.>
As a result, it was not necessary to synthesise amino esters 5.23-5.28 (Figure 5.06), which were

available in multi-gram quantities as p-toluenesulfonic acid salts.

O\ J\rNHz PTSA Q ){ENH2 PTSA O\ )j,NH2 PTSA

5.23 524
CL i
NPTSA Q )§<NH2 PTSA Qo NH, .pTSA
"
N
5.27 5.28 \ NH

Figure 5.06: Structures of the available amino esters 5.23-5.28.

The majority of the remaining amino esters were synthesised using classic acid-catalysed
esterification methodology (Scheme 5.03).>" This method was attractive as it was a one-step

reaction from commercially available starting materials, with no protecting groups required.
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RL
o OH o}
HO NH, - R o NH, .pTSA
R? R® pTSA.H,0O R? R®
Cyclohexane

Scheme 5.03: The general route used to synthesise the amino esters listed below (Table 5.04)

The relevant amino acids were heated with an excess of the relevant alcohols and p-
toluenesulfonic acid, under reflux, with a Dean—Stark apparatus attached to remove water. The
reactions were heated overnight, or over a weekend. In some cases the reaction had not
progressed sufficiently, and heating was continued for a longer time. The isolation of the final
amino esters as p-toluenesulfonic acid salts was achieved either by collecting the solid from the
cooled reaction mixture by filtration, or by evaporation of volatile components followed by
recrystallisation. The amino esters 5.29-5.39 obtained by this method, and their isolated yields,
are listed below (Table 5.04).

The isolated yield of the majority of the esterification reactions was between 60% and 90%,
although in a small number of cases the yield was lower. This appeared to be due to not
optimising the recrystallisation solvent in each specific case, rather than poor reaction

progression.
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Structure Yield Structure Yield

: 0
O\ i NH o) NF.
5.29 OJ\( 2 63% | 5.35 92%

o)
O\ i NH NHz
5.30 o)j/\ 2| 77% | 536 0 86%

O 9] 0
< l NH
0 2 O\o NH,

5.31 56% | 5.37 59%

Ol

O o
< ]\ NH

5.32 35% | 5.38

15%

(@)

0 @\ Q
NH,
5.33 O\o%"‘”z 65% | 5.39 O 63%

Py
NH
'e) 2

5.34 70%

Table 5.04: The isolated yields of amino esters 5.29-5.39, synthesised using the synthetic route

described above (Scheme 4.03). All amino esters were synthesised as the pTSA salts.

During the initial synthetic method development, alternative reaction conditions were attempted
in addition to the acid-catalysed esterification described above. The most successful of these
was the formation of the acid chloride using thionyl chloride, followed by the subsequent

reaction with the cyclopentyl alcohol to form the ester (Scheme 5.04).>%
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o) (i) SOCl, O\ 0
NH - NH, .HCI
HO 2 i} > o) 2 HC
(ii) E>70H
87%
5.40

Scheme 5.04: The synthesis of amino ester 5.40 via the formation of the acid chloride.

The amino ester 5.40 was synthesised as the hydrochloride salt using this methodology in 87%
isolated yield. Although the acid-catalysed esterification was preferred for the synthesis of the
majority of the amino esters, as it was a one-step process, this is an alternative method which
may also be used in future to synthesise further amino esters if the acid-catalysed esterification

was found to be unsuitable.

Once the synthesis of both aldehyde 5.19 and the amino esters were complete, they were reacted
under standard reductive amination conditions to give the final ESM-containing esters 5.01 to
5.18 (Scheme 5.05). These final compounds were also hydrolysed to form the acids 5.41 to

5.52, which were also required for biological screening to establish their biochemical potency.

0 0
(i) 5.23 - 5.39
DCM
N NH - N NH
0
OFQ:/ /_ 0 (i) Na(OAc);BH . &Hv@/ 4 0
N 24 - 88% e N
H R? R3
5.19 5.01-5.18
(i) LIOH (aq)
MeOH/THF
(ii) HCI (aq), THF
51-91%
0
N NH
R Lo
HOJS( N =
R2R® Hcl
5.41-5.52

Scheme 5.05: The synthesis of the final BET-ESM esters 5.01-5.18, and their corresponding
acids 5.41-5.52. Triethylamine was added in the formation of 5.03, and sodium hydroxide in the
formation of 5.44. Methanol was added to the salt formations in the case of 5.41, 5.45 and 5.46.
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The reductive amination reactions proceeded in good isolated yields, with the majority over

50%. The major impurity seen in these reactions was the benzyl alcohol 5.22 (Scheme 5.02),

presumably formed by reduction of the aldehyde starting material 5.19 prior to imine formation.

All reactions were completed using the same reagents, with the exception of that to form 5.03,

where triethylamine was added to neutralise the hydrochloride salt. The isolated yields of the

esters 5.01-5.18 are summarised below (Table 5.05).
Q
N NH
L
ESM._ N —

ESM-substituent Yield ESM-substituent Yield
WY
5.01 o)H/N‘\ 63% 5.10 24%
SWY:
5.02 O)K(N\ 60% | 5.11 64%
o)
o)
H
A L JEO ;H
5.03 0 80% | 5.12 o Noo | 449
SWY:
5.04 OJELN\ 66% 5.13 55%
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ESM-substituent Yield ESM-substituent Yield

5.05 o)K( 81% 5.14 28%
OH

5.06 o) 88% 5.15 69%
“OH
O ~

5.07 52% 5.16 80%
O\
<:L o

5.08 OJKE\E) 47% | 5.7 40%
SWY:

5.09 O&N\ 49% 5.18 52%

Table 5.05: The BET-ESM esters 5.01-5.18 synthesised using the route described above
(Scheme 5.04). The isolated yield of each reaction is shown.

Esters 5.01-5.12 were hydrolysed to acids 5.41-5.52 using lithium hydroxide in 51 to 91%
isolated yield (Table 5.06). It was not necessary to hydrolyse esters 5.13-5.18, as they all have
the same acid substructure, 4.151, which had previously been synthesised (Section 4.10). The
hydrolysis of ester 5.04 proceeded particularly slowly, and sodium hydroxide was added to
increase the reaction rate. The slow hydrolysis rate was presumed to be due to the hindered
nature of the ester. After ester hydrolysis and purification, the substituted amino acids were
converted to their hydrochloride salts using aqueous hydrochloric acid in tetrahydrofuran. In the
first few salt formations performed (5.41, 5.45 and 5.46), methanol was added to the reaction

suspension to aid solubility. However, this led to some methyl ester formation and re-

160



CONFIDENTIAL — PROPERTY OF GSK— DO NOT COPY

purification was required, therefore the remaining salt formations were performed without

methanol present.

Q.0

acid.._

Product Acid-substituent Parent ester | Isolated yield

Q H

5.41 HO)K‘/N\ 5.01 91%
Q H

5.42 HO)KLN ~~~~~ 5.02 73%
? H
HO N-..

5.43 5.03 85%
? H

5.44 HOJELN\ 5.04 60%

5.45 HO)K( 5.05 70%
OH

5.46 Ho)j' ~~~~ 5.06 86%
"OH

161



CONFIDENTIAL — PROPERTY OF GSK— DO NOT COPY

Product Acid-substituent Parent ester | Isolated yield

HO ~~~~~

5.47 5.07 65%
O\

5.48 5.08 73%

5.49 5.09 82%

5.50 5.10 76%

5.51 5.11 51%

5.52 5.12 58%

Table 5.06: The acid hydrolysis products 5.41-5.52 of esters 5.01-5.12, synthesised using the

route described above (Scheme 5.04). The isolated yield of each reaction is shown.

Using the synthetic strategy described above all of the desired ESM-containing esters 5.01—
5.18, and their corresponding ester hydrolysis products 5.41 — 5.52 were produced. The reaction
conditions described tolerated a range of functional groups within the amino ester portion of the
molecule with little or no optimisation. If a larger scale preparation of any of the final
compounds were later required, optimisation of the reaction conditions for that specific

compound may allow for an increased yield.
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5.4 Biological Results and Analysis

The initial biological assays run on the compounds designed and synthesised above (Section 4.2
and 4.3) were used to understand the contribution of the various ESM substituents to the human
whole blood (HWB) potency of the molecules. Compounds of interest were then further
profiled to understand their potential as in vivo tool molecules. The screening cascade utilised is

shown below (Figure 5.07).

Compound Synthesis

4"///‘\\)

BRD4-BD1 FRET assay ChromlogD,;; ,

= ==

LPS-stimulated HWB assay

!

In vitro clearance
(cyno S9 fraction)

}

Solubility in FaSSIF media

Figure 5.07: Screening cascade used to profile BET-ESM compounds.

Initially, the biochemical potency of both the ESM-containing esters, and their acid hydrolysis
products, were established. The potencies were measured at the BD1 bromodomain of BRD4,
using the FRET assay described previously (Section 3.4.3).*® This established whether the ESM
had been incorporated into the molecule without having an adverse effect on biochemical
potency. In parallel, the measured ChromlogDpHMA7 was established to determine the

lipophilicity of the compounds, as well as to enable calculation of their PFI.

Where the ESM-containing esters showed a biochemical potency which was at least comparable
with that of the previously-described in vitro probe molecule 4.52 (pICsy = 6.1), the compounds
were progressed into the LPS-stimulated human whole blood (HWB) assay.”' This assay was in
the same format as that described previously (Section 3.4.3), where the effect of the compound
on the production of MCP-1 was measured. The potency of compounds in a whole blood assay

is classically affected by a number of factors. Key amongst these are biochemical potency,
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cellular penetration, and plasma protein binding. Additionally, for compounds containing an
ESM, the efficiency of turnover of the ester by hCE-1, as well as the retention of the resulting
acid by the cell, may both lead to a higher local concentration of compound at the site of action
and thereby an increased HWB activity. The shift between the pICsy of the biochemical and
HWB assays was therefore used to understand the effect of the different ESM’s which had been

incorporated into the compounds.

Once compounds were identified that met the potency criteria established at the outset of this
programme of work (Figure 5.02: HWB pICs, > 7.0, with a 10-fold increase in HWB potency
over biochemical potency), they were considered for progression into an in vitro clearance

assay.*'” In this assay, the stability of compounds in the hepatic S9 (post-mitochondrial

95 of the cynomologus monkey was measured. This fraction contains a

supernatant) fraction
mixture of Phase I and Phase II enzymes, and therefore gives a good prediction of overall
metabolic stability. Compounds with lower mChromlogD,u74 were prioritised for this
experiment, as reduced lipophilicity is known to correlate with reduced clearance.”*' A small
number of compounds also had their solubility measured in a high-throughput solubility assay.
In this assay, the solubility of the compounds at four hours in fasted stated simulated intestinal
fluid (FaSSIF)™* was determined to establish whether the compounds were sufficiently soluble

to support their further development.*"

5.4.1 Primary Screening Data

The data generated in the biochemical and HWB assays for the ESM-containing esters, where
the amino ester side chain had been modified (as designed in Section 5.2, Table 5.02) is shown

below (Table 5.07). Their measured lipophilicity (mChromlogD,y74) is also given.

Substructure of compounds in table overleaf.
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BRD4- | HWB ApICs
c¢ChromlogD 7.4/
ESM Substituent BD1 (MCP-1) (HWB -
mChromlogD 7.4
PICso M) | h1c. (n) | BRD4-BDI1)
4.52 6.1 (10) | 7.7 (33) 1.6 49/5.4
5.01 6.4 (3) 7.4 (4) 1.0 3.5/3.8
5.02 6.6 (3) 8.4 (4) 1.8 44745
5.03 6.3 (2) 8.1(2) 1.8 44/5.0
CL K
5.04 o)j/\“ 6.4 (3) 6.4 (4) 0 40/53
O\ i H 5.5(1)
5.05 O)K[ 63(3) | 550D n.d. 2.8/2.8
OH
5.06 0 6.5 (5) 6.3 (2) -0.2 3.1/3.4
“OH
1T K
o N 7.2 (6)
5.07 6.02) | 5, 2 n.d. 3.5/4.0
O\
LRy
5.08 O/KEN') 6.2 (2) 7.0 (2) 0.8 3.7/4.6
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BRD4- | HWB ApICs
cChromlogDpHM /
ESM Substituent BD1 (MCP-1) (HWB —
mChromlogD 7.4
PICso M) | 11c. (n) | BRD4-BDI1)
5.09 633) | 6.7(Q) 0.4 4.0/4.4
5.10 63(2) | 56(0) 0.7 3.1/2.7
5.11 6.0 (2) 5.8(2) 0.2 3.7/4.1
(6]
L lL<O g
5.12 o N._ 64(2) | 63() -0.1 3.7/4.8

Table 5.07: Data for the ESM-containing esters 5.01-5.12, compared to those of in vitro probe
molecule 452, in the BRD4-BD1 FRET assay,”® and the HWB assay."' The ApICs, between
these two assays is also given. Also shown are the measured”’ (m) and calculated® (c)
ChromlogD,y;7 4. Where the HWB potency could not be accurately established, the ApICsy was

not determined (n.d.). The substructure of the compounds is shown above the table.

The biochemical activity of the ESM-containing esters 5.01-5.12 was consistent across the
amino ester side-chain changes, within the expected variation of the assay. This was also the
case for the corresponding acids 5.41-5.52, which showed approximately a 0.5 log unit
reduction in potency from the esters (Appendix 2, Table 3). The HWB assay data was therefore
used to understand the SAR around the amino ester side-chain, as well as to prioritise

compounds for further screening assays.

Compounds 5.01-5.03 show the impact of increasing the chain-length of the amino ester side-
chain, and can also be compared to the leucine-containing 4.52. The shift between the
biochemical and HWB assays was consistent across the ethyl 5.02, n-propyl 5.03, and the
leucine-containing 4.52. These side-chains are therefore potential replacements for the isobutyl

of 4.52, in particular the ethyl 5.02 which has a ten-fold reduction in mChromlogD,y74. The
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methyl 5.01 gave a lower, but still significant, shift between the two assays. Potential
explanations for this include a lower shape complementarity for the hCE-1 enzyme reducing the
hydrolysis rate, or poorer stability to blood esterases due to lower steric hindrance around the

ester leading to instability of the compound in human blood over the timescale of the assay.

The branched valine-containing ESM-ester 5.04 showed no shift between the biochemical and
HWRB assays. This was hypothesised to be due to the steric hindrance of the isopropyl side chain
reducing the ester hydrolysis rate by hCE-1. This hypothesis is supported by the longer-than-
expected reaction time required to chemically hydrolyse 5.04 to the corresponding acid 5.44.
Compound 5.04 also did not show the expected reduction in lipophilicity from 4.52, with the
measured ChromlogD,y74 over 10-fold higher than the calculated value. For these reasons, the

valine amino ester side-chain was not pursued further.

For both of the esters with an alcohol-containing side chain, the serine-containing 5.05 and the
threonine-containing 5.06, there was no positive shift between the biochemical and HWB
assays. In the case of the threonine 5.06, this may be due to the same steric hindrance
hypothesised for the analogous valine 5.04. However, this explanation is not consistent with the
difference in potency between the serine-containing 4.05 and the ethyl amino ester 4.02. One
hypothesis considered was that the hydroxyl side-chain is not well tolerated within the active
site of hCE-1. This is plausible due to the serine side-chain of hCE-1 that is present in this
region as part of the catalytic machinery of the protein. A second hypothesis for the poor HWB
activity of esters 5.05 and 5.06 was made using data from a high-throughput artificial membrane

permeability (AMP) assay™'® which is summarised below for key examples (Table 5.08).

Substructure of compounds in table overleaf.
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HWB ApICsp
ESM Substituent (MCP-1) (HWB — AMP (nm/s)
pICso (n) BRD4-BD1)

SNy
5.02 OJ\(N 8.4 (4) 1.8 100

LA K
5.04 OJ:‘/\N 6.4 (4) 0 220

<55(1)

o)
O\ H 5.5(1),
5.05 oY n.d. <3.0

5.06 o)j' 6.3 (2) 0.2 <3.0, 16
"OH

Table 5.08: Artificial membrane permeability assay™'’

5.02 and 5.04-5.06. The data from the HWB assay,"’ and the ApICs, between this and the
BRD4-BD1 FRET assay™ is also given.

results for the ESM-containing esters

The permeability data generated on the hydroxyl-containing ESM esters 5.05 and 5.06 showed a
very significant reduction in permeability compared to the analogous carbon-chain esters 5.02
and 5.03 to the extent where their permeability was not always measurable under the standard
assay conditions. It was hypothesised that the poor HWB activity of these two compounds was
at least in part due to poor permeability into cells. It is therefore not possible, on the basis of the
HWB data, to conclude whether the serine- and threonine-containing esters 5.05 and 5.06 are

hydrolysed by hCE-1.

Considering the potency of the remaining compounds which had been prepared (Table 5.07),
compound 5.07, with an ether-containing side-chain, had inconsistent results within the HWB

assay, with a pICsy < 5 on the first two occasions it was screened, in duplicate, within the assay.

168



CONFIDENTIAL — PROPERTY OF GSK— DO NOT COPY

As this data was unexpected, a fresh sample was dispensed and the subsequent data showed an
average plCsy of 7.2 across three duplicate test occasions. This suggests a shift of approximately
ten fold between the biochemical and HWB assays. With a mChromlogD,y74 of 4.0, there is
potential to investigate other ether side-chains within the amino ester. However, compound 5.07

was not progressed further due to the variability seen in the HWB data.

The only tertiary amine-containing ESM was that of the proline-containing 5.08. This
compound gave a lower, but still significant, shift between the biochemical and HWB assays.
Compound 5.08 showed a ten-fold reduction in mChromlogD,u74 over the initial leucine-
containing 4.52, although it was noted that this was ten-fold higher than was predicted. Tertiary-
amine-containing ESMs may be worthy of further investigation in the future, but due to the
larger assay shift seen with the ethyl-containing 5.02, which has a similar mChromlogDyy7 4,

further profiling of the proline-containing 5.08 was not carried out.

The addition of a second methyl group onto the amino-ester of 5.01 to give the gem-dimethyl
ester 5.09 resulted in a compound that showed little shift between the biochemical and HWB
assays. A similar lack of HWB potency was seen in the spiro-cyclobutyl analogue 5.12. This
may be as a result of poor complementarity to hCE-1, or increased steric hindrance around the
ester. As a result of the poor HWB data for these compounds, geminal and spiro, substituents

were not added onto other ESM esters.

The lowest HWB potency of the compounds synthesised was that of the histidine-containing
ester 5.10. This compound was comparable to that of the serine-containing ester 5.05 in having
a significantly lower HWB activity than biochemical potency. The lack of permeability seen for
ester 5.05 was also seen with ester 5.10, which showed an artificial membrane permeability of <
3 nm/s. It was therefore hypothesised that the lack of potency in the HWB assay was due to

poor cellular permeability, and that the turnover of the ester by hCE-1 could not be determined.

The tetrahydropyran analogue 5.11, which had been designed as a lower lipophilicity analogue
of the cyclohexyl-containing ESM within the literature ESM-HDAC analogue 3.02, showed no
shift between the biochemical and HWB assays. The lack of permeability seen for esters 5.05,
5.06 and 5.10 was not mirrored by compound 5.11, which had an artificial membrane
permeability of 48 nm/s. It was therefore hypothesised that the lack of potency in the HWB
assay was due to poor turnover of the ester by hCE-1. This was a surprising result due to the
similarity of the ESM ester to that of the ESM-HDAC analogue 3.02,>'"> and may be due to a

lack of tolerance for polarity in the region of the protein that the tetrahydropyran oxygen sits.
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Of all the compounds designed with alternative amino ester side chains, the most encouraging
data in terms of shift between the HWB and biochemical assays, in conjunction with a lowered
mChromlogDyy74, were compounds 5.02 and 5.07. The ethyl amino ester side-chains are
therefore of further interest, as are ether-containing side-chains, although the inconsistency of
the data for compound 5.07 must be kept in mind and ideally different ethers designed. A
number of ester side-chains which resulted in a significantly reduced mChromlogD,y74, such as
the serine 5.05 and the threonine 5.06, also have potential for further investigation. Increasing
the cellular permeability of these molecules may provide compounds where the ability of hCE-1

to hydrolyse these amino esters can be determined.

A similar set of data was generated in the biochemical and HWB assays for the ESM-containing
esters where the ester substituent had been modified (as designed in Section 5.2, Table 5.03).
These data are shown below (Table 5.09), alongside the measured lipophilicity

(mChromlogD,y7 4) of the compounds.

(0]
N NH
/ / @)
ESM._ N _
BRD4- | HWB ApICs,
CChromIOgDPH7.4 /
Substructure BD1 (MCP-1) (HWB -
mChromlogD,y7 4
PICso (M) | 11cy, (n) | BRD4-BDI)
4.52 6.1 (10) 7.7 (33) 1.6 49/54
5.13 6.2 (2) 8.2 (2) 2.0 39/5.0
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BRD4- | HWB ApICs
CChromIOgDPH7.4 /
Substructure BD1 (MCP-1) (HWB -
mChromlogD,y7 4
PICso (M) | 11y, (n) | BRD4-BDI)
5.14 6.2 (4) 8.4 (4) 2.2 47/5.2
8.1(1),>
5.15 6.2 (4) n.d. 47/6.2
8.8 (1)
5.16 6.1 (6) 7.52) 1.4 3.8/3.8
5.17 6.3(2) 7.6 (2) 1.3 3.6/4.5
5.18 6.3 (4) 7.7 (2) 1.4 4.0/4.0

Table 5.09: Data for the ESM-containing esters 5.13-5.18, compared to compound 4.52, in the
BRD4-BD1 FRET assay,” and the HWB assay."’ The ApICs, between these two assays is also
given. Also shown are the measured”’ (m) and calculated™ (c) ChromlogD,y7 4. Where the HWB
potency could not be accurately established, the AplCsy was not determined (n.d.). The

substructure of the compounds is shown above the table.

The BRD4-BD1 biochemical potency of all six esters 5.13—5.18 was similar to that measured
for compound 4.52. This was as a result of the ester portion of the molecules being positioned

away from the bromodomain of the protein and exposed to solvent.
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Where the size of the ester had been reduced over the cyclopentyl 4.52, such as in the isopropyl
ester 5.13 and the cyclobutyl ester 5.14, the shift between the biochemical and HWB assays was
around 100-fold. This was significantly higher than the shift seen for compound 4.52. This was
attributed to the increased ability of these esters to be hydrolysed by hCE-1. These esters would
be expected to also be more labile to other blood esterases, but they maintain sufficient blood
stability over the time course of the HWB assay. The reduction in size of the cyclopentyl ester
to the isopropyl of 5.13 and the cyclobutyl of 5.14 did not have however the expected impact on
lowering lipophilicity. This was particularly the case for the isopropyl ester 5.13, where the

mChromlogD,y7.4, was over ten-fold higher than predicted.

Replacing the cyclopentyl ester of 4.52 with the neopentyl of compound 5.15 led to a high
HWB potency. On two test occasions, the pICsy was higher than 8.8, which was the maximum
that was able to be determined using this assay format. It was therefore not possible to
accurately define the shift between the biochemical and HWB assays, but this shift was at the
least 100-fold. Unfortunately, the calculated ChromlogD,y74 was a particularly poor prediction
in the case of compound 5.15, being around 30-fold too low. The mChromlogD,y74 was much
higher than compound 4.52, and therefore compound 5.15 was not suitable for further
progression. However, due to the high shift between HWB and biochemical assays, the
neopentyl ester may still be of interest if it were combined with amino ester side-chains which

would lower the overall lipophilicity of the molecule.

A single atom change in the cyclopentyl ester of compound 4.52 to give the tetrahydrofuryl
ester 5.16 produced a compound with comparable HWB potency. This implied that the
tetrahydrofuryl substituent was tolerated within the hCE-1 enzyme, and did not reduce the
turnover rate of the ester. The benefit of the tetrahydrofuryl 5.16 over the cyclopentyl analogue
4.52 is a vastly reduced lipophilicity. The mChromlogD,74 of 5.16 is 3.7, the lowest of any of
the analogues which maintain a comparable HWB potency to 4.52. As compound 5.16 met the
criteria for progression in terms of HWB potency and PFI (Figure 5.02), it was progressed into

further assays to determine its in vitro clearance and FaSSIF solubility (Section 5.4.2).

As for the tetrahydrofuryl 5.16, the acyclic ether analogue 5.17 also showed comparable HWB
potency to compound 4.52. However, despite the similar calculated ChromlogD,y74 for esters
5.16 and 5.17, the measured value was around 10-fold higher in the case of 5.17. The open-

chain ether analogue 5.17 was therefore not progressed further.
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The tetrahydropyranyl ester 5.18 again showed comparable HWB potency to compound 4.52. In
this case the measured ChromlogD,u74 was slightly higher than that of the tetrahydrofuryl
analogue 5.16, but still significantly lowered over 4.52. In case of unfavourable data on

compound 5.16, the tetrahydropyranyl analogue 5.18 would still be of interest.

The complete data set generated on the analogues where the ESM of the in vitro probe 4.52 has
been modified (Tables 5.06 and 5.08) showed that despite all compounds having comparable
biochemical potencies, the HWB potency of the molecules ranged from a pICs, from the lower
to the upper limit of the assay, a range in potencies of over 1000-fold. This was due to the
impact on HWB potency of factors such as the cellular permeability of the compounds as well
as hydrolysis of the amino ester by hCE-1. The most promising compound identified was the
tetrahydrofuryl ester 5.16 which maintained a HWB potency comparable with the in vitro probe
molecule 4.52 whilst reducing the mChromlogD,u74 by approximately 100-fold, bringing the

molecule into a drug-like physicochemical space.

5.4.2 Secondary Screening Data for Compounds of Interest

As a result of the promising HWB assay data (Section 5.4.1), two compounds were selected for
progression into in vitro metabolic clearance studies, using cynomologus monkey S9 liver

fraction.*'> These compounds also had their solubility measured in FaSSIF media.*"?

The first compound selected for progression was the threonine cyclopentyl ester 5.06. This ester
had the lowest lipophilicity (mChromlogDyu74 = 3.3) of the compounds which maintained
measurable HWB activity. Whilst there was no significant shift from the biochemical to HWB
assay for this compound, this may be explained by its low permeability (Table 5.08). The
impact of lowering lipophilicity on in vitro clearance could be better understood by profiling
this compound, and permeability may then be optimised in future work. As the cells in the in
vitro clearance assay are homogenised, the lack of cellular permeability of the compound had no

impact on the data generated.

The second compound selected for progression was the leucine tetrahydrofuryl ester 5.16. This
compound also has an acceptable lipophilicity (mChromlogDyu74 = 3.7), and was used to
understand the impact of the tetrahydrofuryl ester on in vitro clearance. As ester 5.16 meets the
other criteria set out at the outset of this programme of work (Figure 5.02), further profiling this

compound will also identify whether it is suitable for progression into in vivo studies.

The data generated on compounds 5.06 and 5.16 is shown below (Table 5.10).
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N NH
o o~
ESM.__ N _
HWB ApICsy Cyno S9 FaSSIF
BRD4-BD1
Substructure mChromlogD,y7.4 ICy (1) (MCP-1) (HWB - clearance solubility
p n
50 pICso (n) | BRD4-BD1) (ml/min/g) (ng/ml)
4.52 5.4 6.1 (10) 7.7 (33) 1.6 25.6 165
5.06 34 6.5 (3) 6.3 (2) -0.2 6.6 > 1000
5.16 3.7 6.1 (4) 7.54) 1.4 19.2 > 908

Table 5.10: In vitro clearance of esters 5.06 and 5.16 in cynomologus S9 fraction,*'? and their solubility in FaSSIF media, " in comparison with ester

4.52. Included are data from the BRD4-BD1 mutant FRET assay,® the MCP-1 readout of the LPS-stimulated HWB assay,”’ and the ApICs, between

A7

these two assays. The measured ChromlogD,y; 4" is also shown. The substructure of the compounds is shown above the table.
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Pleasingly, in the case of both esters 5.06 and 5.16, the solubility in FASSIF media was
significantly improved over compound 4.52. This is likely to be due to the significantly lower

lipophilicity of these two compounds.’?

Despite its much lower lipophilicity, the tetrahydrofuranyl ester 5.16 has only a slightly lower in
vitro clearance compared to its cyclopentyl analogue 4.52. It was hypothesised that this was due
to lower metabolic stability of the tetrahydrofuranyl ester negating any positive effect on
metabolic stability due to its reduced lipophilicity. This was supported by a more detailed study
of the in vitro clearance data, where the amount of compound present at 45 mins was measured
when the cofactors NADPH (reduced nicotinamide adenine dinucleotide phosphate) and
UDGPA (uridine diphosphate glucuronic acid) were not added to the S9 fraction. Measurement
with NADPH absent gives a measurement of non-CYP450 mediated metabolism only, as the
CYP450 enzymes require NADPH to be activated. In addition, removal of UDGPA does not
allow glucuronidation, one method of Phase II metabolism, to be carried out. For compound
4.52 only 8% of the compound remained with NADPH and UDGPA absent at 45 minutes, and
for compound 5.16 only 2% of the compound remained. This indicated that non-CYP450
mediated metabolism was the primary route of metabolism for both these compounds; it was
hypothesised that this was as a result of ester hydrolysis. The established correlation of
metabolism with lipophilicity is a result of the rate of metabolism by CYP450 enzymes, which
have high affinity for lipophilic substrates.”* Therefore the reduction of lipophilicity from

compound 4.52 to compound 5.16 does not impact the in vitro clearance.

In contrast to the in vitro clearance data generated for compound 5.16, the threonine cyclopentyl
ester 5.06 showed a significantly reduced in vitro clearance compared with compound 4.52. In
this case, the in vitro clearance was appropriate for progression into in vivo DMPK studies. The
amount of compound 5.06 present after 45 mins in the absence of the cofactor NADPH was
76%, whereas with NADPH present only 11% remained. The difference between the two values
indicates a combination of processes are involved in the metabolism of this compound. It was
hypothesised that the reduced non-CYP450 mediated metabolism in this case was as a result of

increased stability of the ester due to the greater steric bulk of the threonine side-chain.

Although compound 5.06 met the in vitro clearance criteria for in vivo DMPK studies to be
initiated, it was not progressed due to its poor HWB potency. Nonetheless, the positive HWB
and in vitro clearance data for compounds 5.16 and 5.06 respectively gave encouragement that
further medicinal chemistry could yield a single compound which met all of the in vivo probe

molecule criteria outlined previously (Figure 5.02).
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5.5 Further Medicinal Chemistry Design

To optimise the previously identified compounds 5.06 and 5.16 towards an in vivo probe
molecule which met the initial compound criteria (Figure 5.02), further medicinal chemistry
was required. The areas for focus were identified as the optimisation of cellular permeability
and hCE-1 hydrolysis rate, whilst maintaining lipophilicity as low as possible. Given the
positive in vitro clearance data for compound 5.06 in comparison with 4.52 (Table 5.10), all
compounds were designed to have a calculated ChromlogD,i74 < 4. This was to reduce the risk

of a high in vitro clearance driven by high CYP450 mediated metabolism.

Use of in silico modelling tools to design compounds within the pyridone benzimidazole
chemical series with improved permeability was not successful, as all lower lipophilicity
compounds profiled within this series were predicted to have low permeability. This was
hypothesised to be due to the high size to lipophilicity ratio of compounds within this series
where the cChromlogD,u74 was < 4. Although programmes of work were established elsewhere
within our laboratories to redress this by looking at smaller chemical templates, the encouraging
data within this chemical series meant that an alternative design strategy to increase

permeability was required to build on this promising area.

It has been suggested that as well as lipophilicity, the hydrogen bonding ability of a compound
has some influence in the cellular permeability of compounds, and that a lower hydrogen bond

5.24

donor count can result in increased permeability.””" Modifications to compound 5.06 were

therefore designed which reduced hydrogen bond donor count.

As discussed previously, the low permeability of compound 5.06 precludes understanding of
whether the lack of biochemical to HWB assay potency shift is due to its low permeability
alone. Low turnover of compound 5.06 by hCE-1 may also be a contributing factor. To
understand the ability of hCE-1 to hydrolyse the amino esters, compounds were profiled in an
hCE-1 enzyme assay, which was newly accessible within our laboratories. This measured the
specific activity of the compounds with isolated hCE-1 protein.*'* The assay was low
throughput, and therefore data for all compounds could not be generated. However, a subset of

the compounds were profiled and the data is shown below (Table 5.11).
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N NH
O ra e
ESM._ N —
HWB ApICs, hCE-1
BRD4-BD1 . .
Substructure (MCP-1) (HWB — Activity (n)
pICso (n)
pICs (n) | BRD4-BD1) | (uM/min/pM)
4.52 6.1 (10) 7.7 (33) 1.6 6.5 (4)
5.04 6.4 (3) 6.4 (6) 0 0.0 (1)
5.06 6.5 (5) 6.3(2) -0.2 0.0 (2)
8.1(2),
5.15 6.2 (4) n.d. 309 (1)
>8.8(2)

Table 5.11: Specific activity of esters 4.52, 5.04, 5.06, 5.15 at hCE-1, measured in uM/min/uM
protein"* Included are BRD4-BD1,"* and HWB assay data,” and the ApICs, between these
assays. Where HWB potency could not be established, ApICsy was not determined (n.d.).

For the small set of compounds profiled, the rank order of the hCE-1 activity was consistent
with the shift between the biochemical and HWB assays. Comparison of cyclopentyl ester 4.52
with its neopentyl analogue 5.15 showed that the neopentyl ester was more easily hydrolysed by
hCE-1, and there was a corresponding increase in HWB activity. The valine and threonine
cyclopentyl ester analogues 5.04 and 5.06 showed no detectable hydrolysis by hCE-1 under the

assay conditions than the leucine analogue 4.52, and significantly lower HWB activity. This is
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likely to be due to a combination of poorer shape complementarity with the hCE-1 enzyme, as

well as increased steric bulk around the ester. To increase the hydrolysis rate of compounds 5.04

and 5.06, both of these factors would be investigated. Based on the strategy of reducing the

hydrogen bond donor count, controlling lipophilicity, and modifying the steric bulk around the

amino ester, six compounds were designed (Table 5.12).

Amino Ester (ESM) R! cChromlogD,u7.4 HBD

5.06 Q )j' H 3.1 3
"OH

5.53 Q )j'N Me 3.8 2
“OH

554 | N0 N H 3.9 2
Q H

555| Y o N H 2.9 3
“OH

5.56 \iﬁo)j' ~~~~ Me 3.6 2
"OH

5.57 Yo ~ | Me 3.7 2
"OH
LK

5.58 o)K[N‘*» H 3.8 2
O/

Table 5.12: Compounds for synthesis, their cChromlogDsz‘;BZ

and the number of hydrogen

bond donors (HBD). Compound 5.06 is included in the table for comparison.

178



CONFIDENTIAL — PROPERTY OF GSK— DO NOT COPY

To reduce the hydrogen bond donor count of compound 5.06, the N-methyl pyridone analogue
5.53 was designed. This change was expected to increase the biochemical potency at BRD4-
BDI1, based on the potency difference of compounds 4.32 and 4.33 described previously
(Chapter 4, Table 4.06). Despite the lipophilicity increase, expected from the addition of a

methyl group, compound 5.53 was predicted to have a ChromlogD,y7.4 below 4.

The valine-containing compound 5.04 had a lower hydrogen bond count than its threonine-
containing analogue 5.06. To increase hydrolysis by hCE-1, the cyclopentyl ester of compound
5.04 was replaced by the neopentyl ester to give compound 5.54. This compound was predicted
to have a ChromlogD,y74 below 4, although the poor prediction for 5.04 suggested that this may

be an underestimate. However, the compound would be made to interrogate this hypothesis.

To increase the ester hydrolysis rate, an ESM containing the neopentyl ester of threonine was
also designed. The threonine neopentyl ester 5.55 was the direct analogue of cyclopentyl ester
5.06, which would enable the increase in hydrolysis by hCE-1 to be measured. The pyridone N-

methyl analogue 5.56 was also included, as it had a lower hydrogen bond donor count.

Due to the difference in the rate of hydrolysis by hCE-1 between the threonine-containing ester
5.06 and the leucine-containing 4.52, it was hypothesised that the replacement of the
cyclopentyl ester by the neopentyl ester may not sufficiently increase the rate of hydrolysis by
hCE-1. The isobutyl ester analogue 5.57, where the ester was less sterically hindered, was
designed to increase the ester hydrolysis rate further. The pyridone N-methyl template with
lower hydrogen bond donor count was selected for this ESM, due to its lower predicted

lipophilicity, to give the best chance of cellular permeability.

The final analogue designed was compound 5.58, a direct analogue of the serine-containing 5.05
where the hydroxyl of the serine side-chain had been methylated. As for the N-methyl pyridone
analogues, this compound was designed to reduce the hydrogen bond count over compound
5.06. This compound was also designed to address the low hydrolysis rate by hCE-1 of

compound 5.06 as the tertiary centre of the amino acid side-chain has been removed.

5.6 Further Synthesis of Target Molecules

Synthesis of the compounds designed above (Section 5.5) was performed using synthetic routes
as described for the previous ESM—BET compounds (Section 5.3). The aldehyde intermediate
5.19 (Scheme 5.02) was used for the reductive amination reactions to form NH-pyridones 5.54,

5.55 and 5.58. The route used previously to synthesise aldehyde 5.19 (Scheme 5.02) was
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adapted to synthesise its N-methyl pyridone aldehyde analogue 5.61, as shown below (Scheme
5.06).

H Mel |
N__O KoCO3 N__O
| DMF |
(@) = 80% (@) =
H H 5.21
3.25 5.59 Na,S,0,
EtOH, H,0
40%
% 0
IBX (stabilised)
/ DCM y
N N « N N
i o 96% 7 o
o N = HO N \—
H
561 5.60

Scheme 5.06: The synthesis of the key N-methyl pyridone aldehyde intermediate 5.61.

Methylation of the previously described pyridone aldehyde intermediate 3.25 (Scheme 3.01)
with methyl iodide gave its N-methyl pyridone analogue 5.59 in 80% yield. This was reacted
with the aminophenyl intermediate 5.21 (Scheme 5.02) under standard reductive cyclisation
conditions to give the benzimidazole 5.60. The alcohol was oxidised using stabilised IBX to
provide aldehyde 5.61 in 98% isolated yield. This synthetic route was used to produce aldehyde
5.61 in 31% yield over three steps from aldehyde 3.25.

The novel amino esters required to synthesise compounds 5.54 to 5.57 were prepared using the
acid-catalysed esterification methodology used for previous amino esters (Scheme 5.03). The

reactions to form amino esters 5.54 to 5.57 are shown below (Scheme 5.07).

RU
i NH o R! i NH, .pTSA
HOJ\K 2 > \O)Kr 2P
R2 pTSA.H,O R2
Cyclohexane

Scheme 5.07: The general route used to synthesise the amino esters listed below (Table 5.13)

Amino esters 5.62, 5.63 and 5.64 were synthesised using these reaction conditions (Table 5.13),

with a Dean—Stark apparatus again used to push the equilibrium towards ester formation.
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Amino ester Structure Isolated yield
O
5.62 e NH, .pTSA 56%
O
.PTSA
5.63 \/\o)j'NHZ P 87%
"OH
@)
.PpTSA
5.64 YO)j’NHZ P 30%
"OH

Table 5.13: The amino esters synthesised using the synthetic route described in Scheme 5.07.

The reaction to form amino ester 5.65 was also attempted using acid-catalysed esterification
conditions, but on this occasion there was no evidence of ester formation. The amino ester 5.65
was instead accessed via the acid chloride, as previously described for amino ester 5.40

(Scheme 5.04), as shown below (Scheme 5.08).

0] 0]
HO)K[NHZ (soCh, O\O)K[NHZ HCl
(l) (i) E>70H (l)

94% 5.65

Scheme 5.08: The synthesis of 5.65 via the formation of the acid chloride.

The reductive amination reactions proceeded in acceptable isolated yields, ranging from 24—

74%. The isolated yields of the BET-ESM esters 5.53 to 5.58 are shown below (Table 5.14).
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0 0
(i) Amino ester
/R1 DCM ,R1
N N - N N
o)
o P o (ii) Na(OAc)3BH R4 J\(HV@ p— o
N 24 -74% o N
H R'=H5.19 R® 5.53-558
. L
R' =Me 5.61 (i) LIOH (2)
MeOH/THF
(ii) HCI (aq), THF
72-73%

0
Q
N
L T
HO)K‘/N N —

5.66 and 5.67

Scheme 5.09: The synthesis of BET-ESM esters 553 to 558 and acids 5.66-5.67.

Triethylamine was added to form 5.56-5.58. The full ESM structures are listed in Table 5.14.
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ESM R' | Yield ESM R! | Yield

5.53 o7 Me | 63% |5.56 Yo)j' ~~~~ Me | 74%
“OH “OH
o O H

5.54 \i/\o)j/\N ~~~~~ H | 50% |5.57 \(\o ~ | Me | 24%
“OH

0

1 H CLI K

5.55 \’Ao)j/ ~~~~~ H | 31% |5.58 o) U H | 1%
"/OH ?

Table 5.14: The BET-ESM esters synthesised using the synthetic route in Scheme 5.09.

The corresponding ester hydrolysis products for compounds 5.54 (acid 5.44) and 5.55 (acid
5.46) have already been synthesised (Section 5.4). Only two further ester hydrolysis reactions
were required to produce the remaining acids. Esters 5.53, 5.56 and 5.57 are all hydrolysed to
the parent acid 5.66, and ester 5.58 is hydrolysed to the parent acid 5.67. Esters 5.53 and 5.58

were hydrolysed using aqueous lithium hydroxide, as shown below (Table 5.15).

Product Starting material R' Isolated yield
5.66 5.53 Me 73%
5.67 5.58 H 72%

Table 5.15: The acid hydrolysis products 5.66 and 5.67, synthesised using the route described

in Scheme 5.09. The starting material ester used in each reaction is shown.

As previously (Section 5.3), the synthetic route was tolerant of the required range of functional
groups, allowing synthesis of all compounds (Table 5.12) in sufficient quantity and purity for

biological testing.
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5.7 Further Biological Results and Analysis

The compounds synthesised above (Section 5.6) were profiled using the standard screening
cascade for BET-ESM compounds (Figure 5.06). This includes measurement of biochemical
potency using the BRD4-BD1 FRET assay*® and measurement of HWB potency using the
MCP-1 readout of the LPS-stimulated HWB assay.*' In addition, the artificial membrane

permeability*'® and activity at hCE-1"* were also measured (Table 5.16).

Substructure of compounds in table overleaf.

As hypothesised during compound design, the reduction in hydrogen bond donors on addition
of the N-methyl pyridone substituent led to an increase in artificial membrane permeability of
compound 5.53 compared to its NH-pyridone analogue 5.06. However, this did not lead to the
desired shift in potency between the biochemical and HWB assays for this compound, which

can be rationalised by the hydrolysis of the ester by hCE-1 being undetectable.

The valine-containing neopentyl ester 5.54 showed a significantly increased HWB potency
(pICso = 7.2) over its cyclopentyl analogue 5.04 (pICsy = 6.4), which is likely to be due to an
increased turnover by hCE-1. However, due to its very high measured lipophilicity this

compound was not progressed further, and the hCE-1 assay data was not generated.

The threonine-containing neopentyl ester 5.55 showed little shift between the biochemical and
HWB assays (ApICsy = 0.3), and as was the case for its cyclopentyl analogue 5.06, the
permeability of compound 5.55 was poor. However, incorporation of the N-methyl pyridone to
give compound 5.56 again increased the permeability of the compound. This, in combination
with an expected increased activity at hCE-1 due to the more labile neopentyl ester, led to a 10-
fold shift between the biochemical and HWB assay. Unfortunately, the measured
ChromlogD,u7.4 Was again significantly higher than predicted and therefore this compound was

not progressed further.
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, | BRD4-BD1 HWB (MCP-1) ApICsy cChromlogD,y74/ | AMP | hCE-1 Activity
Substructure R '
pICso (n) pICso (n) (HWB - BRD4-BD1) | mChromlogD,y74 | (nm/s) | (uM/min/uM)
] <3,

5.06 H 6.5 (5) 6.3(2) -0.2 3.1/34 16 0.0 (2)
5.53 : 0 )j’ ~ | Me 7.3 (5) 7.8 (8) 0.5 3.8/3.7 93 0.0 (1)
5.54 /\0)5/\'\"\ H 6.6 (2) 7.2 (2) 0.6 3.9/59 300 N/A
5.55 /\O)S’ ~ 1 H 6.6 (2) 7.0 (2) 0.4 29/3.9 13 0.1 (1)

"OH
5.56 /\O)S’ ~ | Me 7.3 (4) 8.6 (2) 1.3 3.6/44 175 N/A

"OH

o)

H
5.57 Yo)if”\ Me 7.2 (6) 8.3 (8),>8.8 (2) 1.0 3.7/3.6 122 0.4 (1)

5.58 OJ\[ Tl H 6.2 (3) 7.3 (4) 1.1 3.8/3.8 40 0.5 (1)
7

Table 5.16: Biological assay results for ESM-containing esters 5.53 — 5.58, compared to compound 5.06, in the BRD4-BDI FRET assay,"® and the

HWB assay.*" The ApICs, between these two assays is given. Also shown are the measured”’ and calculated™ ChromlogD, ;.4 artificial membrane

permeability (AMP),*"" and hCE-1 specific activity.*'* The substructure of the compounds is shown on the previous page.
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In contrast, the threonine-containing isobutyl ester 5.57 had a measured ChromlogD,y74 of 3.6,
and maintained the encouraging HWB profile of compound 5.56. This compound was
hydrolysed by hCE-1, and the presence of the pyridone N-methyl substituent conferred
sufficient permeability. These combined properties resulted in a 10-fold shift between the
biochemical and HWB assays. Compound 5.57 was therefore progressed into in vitro clearance

studies.

The methoxymethyl analogue 5.58, which used methylation of the hydroxyl of the serine-
containing 5.05 to reduce hydrogen bond donor count, also showed increased permeability. This
compound was also hydrolysed by hCE-1, leading to a 10-fold shift between the biochemical
and HWB assays. This compound had a measured ChromlogD,u74 of 3.8, was therefore also

progressed into in vitro clearance studies.

The in vitro clearance of compounds 5.57 and 5.58 were measured in the previously described

2

cynomologus monkey liver S9 fraction,*'? and their solubility in FaSSIF media*"® was also

determined (Table 5.17).

As was seen for previous examples (Table 5.10), the reasonably low lipophilicity of compounds
5.57 and 5.58 results in a high solubility in FaSSIF media, consistent with that set out for further
progression. Both compounds also show reduced in vitro clearance over the initial leucine-
containing in vitro probe 4.52 (26 ml/min/g). The clearance of the threonine-containing isobutyl
ester analogue 5.57 is particularly low, and compatible with the criteria set out at the outset of
this programme of work for progression into in vivo studies (Figure 5.02). It was hypothesised
that compound 5.57 provided a balance between good-enough ester hydrolysis to confer an
increased HWB activity, and a stable-enough ester to confer a low in vitro clearance. Compound
5.57 was the first example of a BET-ESM compound which met all of the criteria for

progression (Figure 5.02), and was considered a candidate for in vivo DMPK studies.
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BRD4- HWB ApICso hCE-1 Cyno S9 FaSSIF
Substructure R! mChromlogD 7.4 BD1 (MCP-1) (HWB - Activity clearance solubility
pICso (n) | pICso (n) | BRD4-BD1) | (uM/min/uM) | (ml/min/g) |  (ug/ml)
CL N
5.06 o)j/ >~ | H 3.4 6.5 (5) 6.3 (2) 0.2 0.0 (2) 6.6 > 1000
“OH
557 i H 8.3 (8), 0.44 6.6 > 1000, 950
. Yo - | Me 3.6 7260 | J380) 1.1 : : :
“OH
5.58 H 3.8 6.2 (3) 7.3 (4) 1.1 0.52 13.7 > 1000

Table 5.17: In vitro clearance of esters 5.57 and 5.58 in cyno liver 89 fraction,"’? and solubility in FaSSIF media,*" compared with ester 5.06. BRD4-
BDI FRET assay data,"® HWB assay data,"" and the ApICs, between these assays are shown. The mChromlogDpH7A4A7and the hCE-1 activity"* are also

shown. The substructure of the compounds is shown above the table.
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5.8 Conclusions and Further Work

Comparison of the desired compound profile of an in vivo tool molecule (Figure 5.02) with the
profile of compound 5.57 indicates that this compound meets the criteria set out for further

progression (Table 5.18).

0] o)
N NH N N/
QAN I S L
o N N — Y\o N N —
“OH
4.52 5.57
Desired Compound 4.52 5.57
BRD4-BD1 pICs (n) N/A 6.1 (10) 7.2 (4)
HWB (MCP-1)
>17.0
pICso (n)
ApICso
>1
(HWB - BRD4-BD1)
mChromlogD,y7.4 <4
PFI <7
FaSSIF Solubility
> 100
(ng/ml)
Cyno S9 clearance
<10
(ml/min/g)

Table 5.18: Profile of compound 5.57 in comparison to in vitro probe molecule 4.52 and the
desired in vivo tool compound profile (Figure 5.02). Included are data from the BRD4-BDI
FRET assay,”® the HWB assay,"’ and the ApICs, between these two assays. The measured”’
ChromlogD,y7 4 is also shown. 1In vitro clearance is measured in cynomologus monkey liver S9
fraction,™? and solubility is measured in FaSSIF media.""> Data which meets the criteria is
highlighted in green, data which does not meet the criteria is highlighted in red. The structure

the compounds are shown above the table.
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Compound 5.57 had HWB potency approximately 10-fold higher than the non-ESM containing
oral pre-clinical candidate 2.67, driven from the same level of biochemical potency. This
indicated that an increased therapeutic index might be expected for compound 5.57 in pre-

clinical safety studies.

Comparison of compound 5.57 with the criteria set out to ensure the good developability
characteristics of compounds (mChromlogD,u74 < 4 and PFI < 7; FaSSIF solubility > 100
pg/ml), indicated that it has good drug-like physicochemical properties. Ideally the PFI would
be reduced further to below six, but due to the three aromatic rings present in the pyridone-

benzimidazole core this would be unlikely to be possible without reducing cellular permeability.

Most pleasingly, compound 5.57 is the first example of a BET-ESM molecule where it has been
possible to combine the desired HWB properties with low in vitro clearance. This was achieved
by the medicinal chemistry design reported within this chapter, by balancing sufficient hCE-1
activity to confer good HWB potency, with low enough hCE-1 activity to reduce esterase
mediated metabolism. As a result of the data presented, compound 5.57 was declared as an in
vivo tool molecule, which could be used to evaluate ESM technology in an in vivo setting.
Additionally, compound 5.57 is currently being evaluated in a wide range of in vitro and in vivo
studies within our laboratories. These will be used to establish whether it has the appropriate
profile for progression into preclinical safety and efficacy studies to support its further

progression.
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Chapter 6

Epilogue

>

“Still round the corner there may wait, a new road or a secret gate...’

The Return of the King, J.R.R. Tolkien
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Conclusions

The work described within this thesis has resulted in the identification of an oral BET
bromodomain inhibitor which has progressed into pre-clinical studies as a potential treatment
for a number of oncology indications. In addition, in vitro and in vivo tool molecules have been
designed which have enabled a significant advancement in the understanding of the use of ESM

technology within the BET bromodomain area.

In Chapter 2, an orally bioavailable BET bromodomain inhibitor 2.67 (Figure 6.01), suitable for
clinical progression, was designed and synthesised. This compound met the efficacy,
pharmacokinetic, and safety criteria required to progress into pre-clinical safety studies.
Compound 2.67 provided a compound from a structurally distinct chemical series to [-BET762,
which is in ongoing clinical development in the oncology area for cancers with a high unmet

medical need. This therefore mitigates structurally-related attrition of this molecule.

2.67 2.70

Figure 6.01: The oral BET bromodomain inhibitor 2.67 and its mesylate salt 2.70.

The medicinal chemistry reported in Chapter 2 showed the value of thorough examination of
available SAR, as well as the use of in silico profiling to design molecules which are more
likely to have the desired physicochemical properties. The requirement for single known
enantiomers for progression into in vivo studies was highlighted, and it was noted that accessing
these molecules as quickly and efficiently as possible reduced the timelines required to progress

the ongoing science.

Although a challenging structural series to work on, due to the high aromatic ring count, it was
shown that by stringent control of physicochemical properties it is nonetheless possible to
identify compounds with a good oral pharmacokinetic profile. However, these overall
physicochemical properties of the molecule were likely to have contributed to the low and

variable solubility of the compound, and therefore future work in this area should look to reduce
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aromatic ring count further if possible. For compound 2.67, the risk of low solubility was
mitigated by the formation of a number for salts of the parent molecule. After measurement of
their physicochemical properties, the mesylate salt 2.70 (Figure 6.01) was identified as the

preferred form for pre-clinical progression.

The final chapters of these PhD studies describe the progression of BET bromodomain
inhibitors containing esterase sensitive motifs (ESMs), from the first compound synthesis
through to an in vivo tool molecule which is currently being profiled with a view to progression

into pre-clinical safety and efficacy studies in immune diseases.

Initial work focussed on the establishment of a proof of principle that ESMs could be
incorporated into BET bromodomain inhibitors, and retain their ability to be hydrolysed by
hCE-1. This was shown by the design and synthesis of compound 3.19, where understanding of
encoded library technology (ELT) was used to incorporate the ESM on the vector previously
used to attach the DNA tag (Figure 6.02). This resulted in a molecule which retained both BET

bromodomain and hCE-1 activity.

o .

Q )
/ O
H D OH E——) o N N =
ROV~ - N
O
DNA attachment point 3.05 3.19

Figure 6.02: The identification of the in vitro tool molecule 3.19 from a hit which had been

identified using an ELT screen.

These encouraging initial results led to continuation of work in the BET-ESM area, as reported
in Chapter 4, where the SAR of the pyridone-benzimidazole series was developed to provide
alternative starting points for ESM incorporation. As a result of the conclusions from Chapter 2,
compounds were designed with a reduced aromatic ring count, such as compound 4.33, and this
led to the initiation of a new programme of work elsewhere within our laboratories to follow up
the encouraging initial findings. The major focus of the work reported in Chapter 4 was the
identification of a set of benzimidazole N-substituents, with a variety of lipophilicities and
functional groups, which maintained BET bromodomain activity. These were successfully
designed using known SAR from Chapter 2, as well as in silico physicochemical profiling prior

to synthesis. As a result, a set of ESM-containing compounds were designed and synthesised
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which led to the identification of the in vitro tool molecule 4.52 (Figure 6.03). By studying this
molecule, it was established that ESM technology can be used to increase the pharmacological
effect of BET bromodomain inhibitors, by targeting the molecules to compounds of the

monocyte/macrophage lineage.

NH

o
©)
ZzT
zZ_Z
|\
)

4.52

BRD4-BD1 pICs, (n) = 6.1 (10)

HWB (MCP-1) pICsq (n) = 7.7 (33)

AplCsy (HWB - BRD4-BD1) = 1.6

Macrophage cell retention assay:
ESM hydrolysed in macrophages
Acid present in cell at 6 hours

Figure 6.03: Profile of the BET-ESM in vitro probe molecule 4.52.

In Chapter 5, the focus of the work moved to the identification of a molecule with an improved
in vitro clearance profile whilst maintaining good HWB potency. To do this, the steric and
electronic properties of the ESM were systematically modified. This allowed modulation of the
hCE-1 activity, and balanced sufficient esterase-driven hydrolysis to show the pharmacological
effects with low enough esterase-driven clearance by the liver to suggest in vivo dosing would
be possible. Finding the correct balance between these two factors led to the identification of the

in vivo tool molecule 5.58 (Figure 6.04).
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O O
N NH N N/
“OH
4.52 5.57
4.52 5.57
BRD4-BD1 pICs (n) 6.1 (10) 7.2 (4)

HWB (MCP-1) pICs (n)

ApICs, (HWB — BRD4-BD1)

mChromlogD ;7.4

PFI

FaSSIF Solubility (ug/ml)

Cyno S9 clearance (ml/min/g)

Figure 6.04: Profile of in vivo tool compound 5.57 in comparison to in vitro probe molecule

452

Compound 5.58 is currently being extensively profiled to understand its potential for
progression into pre-clinical safety and efficacy studies. The successful strategy of balancing the
whole blood potency and hepatic clearance by modulating the esterase activity is the key
outcome of the work described within this chapter. This strategy is currently being used within
our laboratories to identify further ESM-containing BET bromodomain inhibitors in alternative

chemical series which also have potential for progression into in vivo studies.

194



CONFIDENTIAL — PROPERTY OF GSK— DO NOT COPY

Experimental

“Double, double toil and trouble; Fire burn, and cauldron bubble.”
William Shakespeare, Macbeth
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General Experimental Details

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 C;g column (50
mm x 2.1 mm, i.d. 1.7 pm 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 sec and the inter-scan delay was 0.10 sec.
Method using trifluoroacetic acid modifier: “LLCMS (TFA)”

The method was as for LCMS (formic acid), except the solvents employed were: A = 0.1% v/v
solution of trifluoroacetic acid in water; B = 0.1% v/v solution of trifluoroacetic acid in

acetonitrile.
Method using ammonium bicarbonate modifier: “LCMS (high pH)”

The method was as for LCMS (formic acid), except the solvents employed were: A =

ammonium hydrogen carbonate in water adjusted to pH 10 with ammonia solution; B =

acetonitrile.

High Resolution Mass Spectrometry

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 Cig 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

196



CONFIDENTIAL — PROPERTY OF GSK— DO NOT COPY

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 pl.

Mass Spectrometry conditions: Positive ion mass spectra were acquired using a Thermo LTQ-
Orbitrap FT mass spectrometer, equipped with an ESI interface, over a mass range of 100 —
1100 Da, with a scan time of 1 sec. 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.

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 um packing diameter) or a Sunfire C,g 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 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 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)”

The method was as for MDAP (formic acid), except the solvents employed were: A = 10 mM

ammonium bicarbonate in water, adjusted to pH 10 with ammonia solution; B = acetonitrile.

NMR Spectroscopy

Unless otherwise specified, 'H and *C NMR spectra were recorded at 400 MHz and 101 MHz
respectively, and chemical shifts are given in ppm (0) relative to tetramethylsilane (TMS) as an
internal standard. Spectra were analysed using ACD/SpecManager version 11. Chemical shifts
are given to the nearest 0.01 ppm ('"H NMR) or 0.1 ppm (*C NMR) and coupling constants are
given to the nearest 0.1 Hz. NMR spectra were recorded at room temperature unless otherwise

stated.
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IR Spectroscopy

Infra-red (IR) spectra were recorded using a Perkin Elmer Spectrum One FT-IR spectrometer,

and key well-defined peaks were recorded in cm™.

Optical Rotation

Optical rotation measurements were recorded using a Jasco P-1030 polarimeter. The

concentration was recorded in g/ml, path length in mm, and temperature in °C.
H—cube™

Where compounds were hydrogenated using an H—cube, a Thales H-cube continuous—flow
hydrogenation reactor was used, where hydrogen is generated in sifu. Thales disposable catalyst
cartridges were used, either the CatCart 30 (30 mm cartridge, containing 140 mg of 10% Pd/C
catalyst) or the CatCart 70 (70 mm cartridge, containing 350 mg of 10% Pd/C catalyst).

Microwave Reactor

Reactions heated under microwave conditions were heated in a Biotage Initiator microwave.
Unless otherwise stated, the initial absorption was set as ‘high’ and 15 sec of pre—stirring was

applied before heating commenced.

Compound Purity

The purity of compounds tested in in vitro and in vivo assays was of greater than 95% using

interpretation of a combination of LCMS and '"H NMR data, unless stated otherwise.
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Chapter 2

4-(8-Methoxy-1-(1-methoxypropan-2-y1)-2-(tetrahydro-2 H-pyran-4-y1)-1 H-imidazo[4.,5-

c]quinoline-7-yl)-3.5-dimethylisoxazole, 2.02. Preparation A:

A suspension of  N-(7-(3,5-dimethylisoxazol-4-yl)-6-methoxy-4-((1-methoxypropan-2-
yl)amino)quinolin-3-yl)tetrahydro-2 H-pyran-4-carboxamide 2.69 (29.4 g, 62.7 mmol) in acetic
acid (250 ml, 62.7 mmol) was heated at 120 °C for 2 hours. LCMS showed no significant
conversion to product. 3 A molecular sieves (20 g) were added and heating continued for 3.5
hours. Further 3 A molecular sieves (20 g, oven dried) were added and heating was continued
overnight. Further 3 A molecular sieves (20 g, oven dried) were added and heating continued
for a further 24 hours. The reaction mixture was allowed to cool to room temperature, and the
solid removed by filtration. The solid and solution were analysed by LCMS, and found to have
similar profiles. The two were therefore combined and evaporated under reduced pressure.
Water (3000 ml) was added, and the resultant slurry was neutralised via the slow addition of
solid sodium bicarbonate. The aqueous slurry was extracted using DCM (3 x 1000 1), and the
organic layers were combined, dried using a hydrophobic frit and evaporated under reduced
pressure to give a brown gum (22.1 g) which solidified on standing. The material was dissolved,
with warming and the use of an ultrasonic bath, in a minimal quantity of DCM. The solution
was applied to an SPE column (silica, 750 g) which had been pre-wetted with DCM. The
column was eluted with a gradient of 0 — 8% (0.5 M ammonia in MeOH) in DCM. The pure
product fractions were combined and evaporated to dryness under reduced pressure to give a
cream glassy foam. The sample was dried in vacuo to give impure material (13.0 g). The mixed
product fractions from the SPE column were combined and evaporated to dryness under
reduced pressure to give a deep yellow oil. The oil was dissolved in diethyl ether and the
volatiles evaporated under reduced pressure to give a yellow solid. The solid was triturated
with diethyl ether and the solid isolated by filtration and washed twice with diethyl ether to give
an off-white solid. The impure material (13.0 g) was triturated with a mixture of diethyl ether
and EtOAc. The mixture was evaporated to dryness under reduced pressure and the trituration
was repeated with pure diethyl ether. The pure off-white solid previously isolated was added to
the suspension and the mixture aged overnight. The resulting solid was isolated by filtration and
washed with diethyl ether to give a cream solid. The sample was again triturated with diethyl
ether, with stirring over approximately 30 min. The solid was isolated by filtration and washed
with diethyl ether. The solid was dried in a vacuum oven to give 4-(8-methoxy-1-(1-
methoxypropan-2-yl)-2-(tetrahydro-2 H-pyran-4-yl)-1 H-imidazo[4,5-c]quinoline-7-yl)-3,5-
dimethylisoxazole 2.02 (11.73 g, 26.05 mmol, 42% yield) as a white solid.
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LCMS (formic acid): rt = 0.76 min, MH+ =451

'H NMR (dg-DMSO, 393 K): & 1.83 (d, /= 7.3 Hz, 3 H), 1.86 — 2.00 (m, 2 H), 2.03 — 2.14 (m, 2
H), 2.17 (s, 3 H), 2.35 (s, 3 H), 3.28 (s, 3 H), 3.42 — 3.51 (m, 1 H), 3.56 — 3.68 (m, 2 H), 4.00 —
4.08 (m, 6 H), 4.09 — 4.18 (m, 1 H), 5.36 —5.53 (m, 1 H), 7.74 (s, 1 H), 7.99 (s, 1 H), 9.04 (s, 1
H).

4-(8-Methoxy-1-(1-methoxypropan-2-yl)-2-(tetrahydro-2H-pyran-4-y1)-1 H-imidazo[4.5-

c]quinoline-7-yl)-3.5-dimethylisoxazole, 2.02, Preparation B:

A mixture of N-(7-(3,5-dimethylisoxazol-4-yl)-6-methoxy-4-((1-methoxypropan-2-
yl)amino)quinoline-3-yl)tetrahydro-2 H-pyran-4-carboxamide 2.69 (11.95 g, 25.5 mmol) and p-
toluenesulfonic acid (1.2 g, 25.5 mmol) in toluene (250 ml) was heated at reflux, under
nitrogen, using Dean—Stark apparatus for 3 days. Further p—toluenesulfonic acid (0.2 g, 4.3
mmol) was added and heating continued overnight. On inspection the reaction mixture had
boiled dry, due to one of the glass joints having a small gap allowing solvent to escape. Water
(750 ml) was added, followed by saturated aqueous sodium bicarbonate solution until the pH
reached 8. The aqueous layer was extracted with EtOAc (3 x 750 ml). The organic layers were
combined, dried using a hydrophobic frit, and evaporated under reduced pressure to give a light
brown solid, ~ 11 g. The solid was triturated in ether (~200 ml), placed briefly in an ultrasonic
bath, and the majority of the solid appeared to be a fine powder. The fine powder suspended in
the ether was decanted, the solid isolated by filtration, and dried in a vacuum oven to give 6.3 g
of material. This material was triturated in ether (~100 ml), placed briefly in an ultrasonic bath,
and stood overnight at room temperature. The solid was isolated by filtration and dried in a
vacuum oven (at this point some of the material was spilt and lost) to give 4-(8-methoxy-1-(1-
methoxypropan-2-yl)-2-(tetrahydro-2 H-pyran-4-yl)-1 H-imidazo[4,5-c]quinoline-7-yl)-3,5-
dimethylisoxazole 2.02 (4.9 g, 10.88 mmol, 43% yield). The clumped solid left over from the
decanting was triturated in ether (100 ml), placed in an ultrasonic bath for 15 min, and stood at
room temperature for 3 days. The solid was isolated by filtration and dried in a vacuum oven to
give  4-(8-methoxy-1-(1-methoxypropan-2-yl)-2-(tetrahydro-2H-pyran-4-yl)-1 H—imidazo[4,5-
c]quinoline-7-yl)-3,5-dimethylisoxazole 2.02 (3.6 g, 7.99 mmol, 31% yield).

The total amount of material obtained over the two batches was 8.5 g, 74% yield.

LCMS (formic acid): rt = 0.76 min, MH+ = 451

'H NMR (de-DMSO, 393 K): & 1.80 (d, J=7.3 Hz, 3 H), 1.83 — 1.96 (m, 2 H), 2.01 — 2.10 (m, 2
H), 2.13 (s, 3 H), 2.32 (s, 3 H), 3.25 (s, 3 H), 3.38 —= 3.48 (m, 1 H), 3.54 — 3.63 (m, 2 H), 3.95 -
4.05 (m, 6 H), 4.08 — 4.14 (m, 1 H) 5.32 - 5.52 (m, 1 H), 7.71 (s, 1 H), 7.96 (s, 1H), 9.01 (s,
1H).

200



CONFIDENTIAL — PROPERTY OF GSK— DO NOT COPY

7-(3,5-Dimethylisoxazol-4-y1)-8-methoxy-N-(2-methoxyethyl)-1-(pyridine-2-ylmethyl)-1 H-

imidazo[4,5-c]quinoline-2-amine, 2.06:

To a solution of 7-(3,5-dimethylisoxazol-4-yl)-6-methoxy-N4-(pyridine-2-ylmethyl)quinoline-
3,4-diamine 2.64 (875 mg, 2.331 mmol) in EtOH (50 ml) was added I-isothiocyanato-2-
methoxyethane (0.506 ml, 4.66 mmol) and the reaction mixture heated at 60 °C for 6 hours. The
solvent was evaporated under reduced pressure. EDC (894 mg, 4.66 mmol) and THF (50 ml)
were added and the reaction mixture stirred at 60 °C for 1 hour, followed by stirring at room
temperature overnight. The solvent was removed under reduced pressure. The sample was
loaded in MeOH/DCM (and the column dried in a vacuum oven) and purified by SPE (silica,
100 g) using a gradient of 0—-10% (2 M ammonia in MeOH) in DCM. The appropriate fractions
were combined and evaporated under reduced pressure to give a brown gum (310 mg). A
portion (40 mg) of this gum was dissolved in DMSO (1 ml) and purified by MDAP (high pH).
The solvent was blown down a stream of nitrogen to give the required product 7-(3,5-
dimethylisoxazol-4-yl)-8-methoxy-N-(2-methoxyethyl)-1-(pyridine-2-ylmethyl)-1H-
imidazo[4,5-c]quinoline-2-amine 2.06 (23 mg, 0.050 mmol, 2% yield) as a white solid. The
remaining crude material was kept in case further material was required.

LCMS (formic acid): rt = 0.68 min, MH" = 459

"H NMR (de-DMSO, 393 K): 6 2.08 (s, 3 H), 2.27 (s, 3 H), 3.35 (s, 3 H), 3.63 — 3.71 (m, 4 H),
3.73 (s, 3 H), 5.83 (s, 2 H), 6.77 - 6.88 (br m, 1 H), 7.24 (d,/J=7.8 Hz, 1 H), 7.27 — 7.35 (m, 1
H), 7.45 (s, 1 H), 7.72 - 7.83 (m, 2 H), 8.58 (d, /=4.3 Hz, 1 H), 8.81 (s, | H).

C NMR (d-DMSO, 303 K): § 10.3, 11.3, 42.5, 55.4, 58.0, 70.5, 98.8, 112.5, 116.8, 118.5,
120.8, 123.0, 131.7, 132.5, 131.7, 132.5, 136.7, 138.8, 139.5, 149.5, 154.3, 155.5, 156.5, 159.1,
165.7.

IR (neat): 3233 (imine NH), 1611 (aryl), 1572 (aryl), 1221 (aryl ether), 777 (aryl C-H) cm™
M.pt.: 245-252 °C

HRMS: (Cy5H27N6O5) requires MH" 459.2145, found MH" 459.2151.

7-(3,5-Dimethylisoxazol-4-y1)-8-methoxy-1-((tetrahydro-2 H-pyran-4-yl)methyl)-1H-
imidazo[4,5-c]quinoline-2(3H)-one, 2.07:

To a suspension of 7-(3,5-dimethylisoxazol-4-yl)-6-methoxy-4-(((tetrahydro-2H-pyran-4-
yl)methyl)amino)quinoline-3-carboxamide 2.35 (1.7 g, 4.14 mmol) in MeOH (15 ml) was added
potassium hydroxide (0.349 g, 6.21 mmol), and the reaction mixture stirred at room temperature
for 20 min. The reaction mixture was cooled in an ice/water bath, iodobenzene diacetate (1.734
g, 5.38 mmol) added, and the reaction mixture stirred at 0 °C for 2 hours. The reaction mixture

was blown down under a stream of nitrogen. The residue was loaded as a suspension in MeOH
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and DCM (and the column dried in a vacuum oven) and purified by SPE (silica, 100 g) using 0
—20% MeOH in DCM. The appropriate fractions were combined and dried under a stream of
nitrogen to give the required product 7-(3,5-dimethylisoxazol-4-yl)-8-methoxy-1-((tetrahydro-
2H-pyran-4-yl)methyl)-1 H-imidazo[4,5-c]quinoline-2(3H)-one 2.07 (1.50 g, 3.67 mmol, 89%
yield) as a pale brown foam.

LCMS (formic acid): rt = 0.66 min, MH" = 409

'H NMR (ds-DMSO): 6 1.34 — 1.48 (m, 2 H), 1.60 (d, J = 11.1 Hz, 2 H), 2.14 (s, 3 H), 2.17 —
2.25 (m, 1 H), 2.33 (s, 3 H), 3.22 - 3.28 (m, 2 H), 3.84 (dd, /= 11.4, 2.0 Hz, 2 H), 3.97 (s, 3 H),
4.23(d,J=73Hz 2H),7.46 (s, 1 H), 7.87 (s, l H), 8.57 (s, 1 H), 11.45-11.58 (brs, 1 H).

C NMR (de-DMSO, 300 K): 6 10.4, 11.4, 30.2, 36.7, 46.9, 55.6, 66.4, 99.0, 112.2, 115.6,
120.6, 122.0, 128.3, 132.1, 133.0, 139.7, 154.3, 155.0, 159.1, 166.1.

IR (neat): 1694 (urea), 1597 (aryl), 1228 (aryl ether), 841 (aryl C-H) cm’

M.pt.: 233-238 °C

HRMS: C,H,sN404 MH" requires 409.1870, found MH" 409.1870

7-(3,5-Dimethylisoxazol-4-y1)-8-methoxy-1-((tetrahydro-2 H-pyran-3-yl)methyl)-1H-
imidazo[4.5-c]quinoline-2(3H)-one, 2.08:

Method as for 2.07, using the following reagents: 7-(3,5-dimethylisoxazol-4-yl)-6-methoxy-4-
(((tetrahydro-2 H-pyran-3-yl)methyl)amino)quinoline-3-carboxamide 2.36 (610 mg, 1.486
mmol), potassium hydroxide (125 mg, 2.229 mmol), iodobenzene diacetate (622 mg, 1.932
mmol) and MeOH (5 ml). LCMS (formic acid) of the reaction mixture showed 91% product by
UV, rt = 0.68 min, MH" = 409. The silica column was eluted using 0 — 100% EtOAc in
cyclohexane followed by 0 — 10% MeOH in DCM. The final product was: 7-(3,5-
dimethylisoxazol-4-yl)-8-methoxy-1-((tetrahydro-2 H-pyran-3-yl)methyl)-1 H-imidazo[4,5-
c]quinoline-2(3H)-one 2.08 (407 mg, 0.996 mmol, 67% yield) as a pale brown foam.

LCMS (formic acid): rt = 0.69 min, MH" = 409

"H NMR (ds-DMSO, 393 K): § 1.43 — 1.53 (m, 2 H), 1.65 — 1.75 (m, 1 H), 1.79 — 1.87 (m, 1 H),
2.12 (s, 3 H), 2.14 — 2.26 (m, 1 H), 2.31 (s, 3 H), 3.37 — 3.48 (m, 2 H), 3.64 — 3.79 (m, 2 H),
3.96 (s, 3 H), 4.23 (m, 2 H), 7.50 (s, 1 H), 7.82 (s, 1 H), 8.55 (s, 1 H), 10.91 — 11.24 (br s, 1 H).

7-(3,5-Dimethylisoxazol-4-y1)-8-methoxy-1-((tetrahydrofuran-3-yl)methyl)- 1 H-imidazo[4.5-
c]quinoline-2(3H)-one, 2.09:

Method as for 2.07, using the following reagents: 7-(3,5-dimethylisoxazol-4-yl)-6-methoxy-4-
(((tetrahydrofuran-3-yl)methyl)amino)quinoline-3-carboxamide 2.37 (667 mg, 1.682 mmol),
potassium hydroxide (142 mg, 2.52 mmol), iodobenzene diacetate (704 mg, 2.187 mmol) and
MeOH (5 ml). LCMS (formic acid) of the reaction mixture showed 90% product by UV, rt =
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0.63 min, MH" = 395. The silica column was eluted using 0 — 10% MeOH in DCM. The final
product was: 7-(3,5-dimethylisoxazol-4-yl)-8-methoxy- 1-((tetrahydrofuran-3-yl)methyl)-1H-
imidazo[4,5-c]quinoline-2(3H)-one 2.09 (558 mg, 1.415 mmol, 84% yield) as a pale brown
foam.

LCMS (formic acid): rt = 0.65 min, MH" = 395

'H NMR (de-DMSO, 393 K): 0 1.80 — 1.90 (m, 1 H), 2.01 —2.11 (m, 1 H), 2.14 (s, 3 H), 2.33 (s,
3 H),2.85-2.98 (m, 1 H), 3.66 —3.77 (m, 3 H), 3.87 — 3.93 (m, 1 H), 3.99 (s, 3 H), 4.29 — 4.40
(m, 2 H), 7.57 (s, 1 H), 7.84 (s, 1 H), 8.58 (s, 1 H), 10.90 — 11.31 (br s, 1 H).

1-(Cyclopropylmethyl)-7-(3.5-dimethylisoxazol-4-y1)-8-methoxy-1H-imidazo[4.,5-c]quinoline-
2(3H)-one, 2.11:

To a suspension of 4-((cyclopropylmethyl)amino)-7-(3,5-dimethylisoxazol-4-yl)-6-
methoxyquinoline-3-carboxamide 2.39 (365 mg, 0.996 mmol) in MeOH (4 ml) was added
potassium hydroxide (84 mg, 1.494 mmol), and the reaction mixture stirred at room temperature
for 20 min. The reaction mixture was cooled to 0 °C (ice/water bath), iodobenzene diacetate
(417 mg, 1.295 mmol) added, and the reaction mixture stirred at 0 °C for a further 2 hours. The
reaction mixture was blown down under a stream of nitrogen. LCMS (formic acid) of the
reaction mixture showed 90% product by UV, rt = 0.72 min, MH" = 365. A portion (100 mg) of
the crude material was dissolved in DMSO (1 ml) and purified by MDAP (high pH). The
solvent was blown down a stream of nitrogen to give the required product 1-
(cyclopropylmethyl)-7-(3,5-dimethylisoxazol-4-yl)-8-methoxy-1H-imidazo[4,5-c]quinoline-
2(3H)-one 2.11 (22 mg, 0.060 mmol, 6% yield). The remaining crude material (902 mg) was
kept for further purification if required.

LCMS (formic acid): rt = 0.73 min, MH" = 365

"H NMR (d¢-DMSO0, 393 K): § 0.46 — 0.51 (m, 2 H), 0.55 — 0.61 (m, 2 H), 1.36 — 1.46 (m, 1 H),
2.14 (s, 3 H), 2.33 (s, 3 H), 3.99 (s, 3 H), 4.29 (d, /= 6.3 Hz, 2 H), 7.67 (s, 1 H), 7.84 (s, 1 H),
8.58 (s, 1 H), 10.87 —10.99 (brs, 1 H).

4-(8-Methoxy-2-(tetrahydro-2 H-pyran-4-y1)-1-((tetrahydro-2 H-pyran-4-yl)methvyl)-1 H-

imidazo[4.5-c]quinoline-7-y1)-3.5-dimethylisoxazole, 2.12:

A solution of  N-(7-(3,5-dimethylisoxazol-4-yl)-6-methoxy-4-(((tetrahydro-2 H-pyran-4-
yl)methyl)amino)quinoline-3-yl)tetrahydro-2 H-pyran-4-carboxamide (10 mg, 0.020 mmol) in
glacial acetic acid (0.5 ml, 0.020 mmol) was heated under microwave conditions at 110 °C for a
total of 2 hours. The reaction mixture was blown down under a stream of nitrogen and the
residue dissolved in DMSO (1 ml) and purified by MDAP (formic acid). The solvent was

blown down under a stream of nitrogen to give the required product 4-(8-methoxy-2-
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(tetrahydro-2H-pyran-4-yl)-1-((tetrahydro-2 H-pyran-4-yl)methyl)-1 H-imidazo[4,5-c]quinoline-
7-y1)-3,5-dimethylisoxazole 2.12 (9.4 mg, 0.020 mmol, 98% yield).

LCMS (formic acid): rt = 0.71 min, MH" = 477

"H NMR (ds-DMSO, 393 K): § 1.47 — 1.66 (m, 4 H), 1.87 — 1.93 (m, 2 H), 1.99 — 2.12 (m, 2 H),
2.16 (s, 3 H), 2.26 — 2.33 (m, 4 H), 2.52 — 2.56 (m, 1 H), 3.25 -3.31 (m, 2 H), 3.39 - 3.47 (m, 1
H), 3.60 — 3.67 (m, 2 H), 3.85 - 3.93 (m, 2 H), 4.00 — 4.07 (m, 5 H), 4.64 (d, J= 7.6 Hz, 2 H),
7.69 (s, 1 H), 7.97 (s, 1 H), 9.03 (s, 1 H).

4-(8-Methoxy-2-(tetrahydro-2 H-pyran-4-y1)-1-(1-(tetrahydro-2 H-pyran-4-yDethy)-1 H-

imidazo[4.5-c]quinoline-7-y1)-3.5-dimethylisoxazole, 2.13:

To a suspension of tetrahydro-2H-pyran-4-carboxylic acid (50.7 mg, 0.390 mmol) and HATU
(168 mg, 0.442 mmol) in DMF (2 ml) was added DIPEA (0.136 ml, 0.779 mmol) and the
resulting solution stirred at room temperature for 15 min. 7-(3,5-Dimethylisoxazol-4-yl)-6-
methoxy-N4-(1-(tetrahydro-2 H-pyran-4-yl)ethyl)quinoline-3,4-diamine 2.47 (103 mg, 0.260
mmol) was added and the reaction mixture stirred at room temperature overnight. The reaction
mixture was blown down under a stream of nitrogen and the residue loaded in DCM and
purified by SPE (aminopropyl, 5 g), eluted using 10% MeOH in DCM. The appropriate
fractions were combined and dried under a stream of nitrogen to give a brown gum. The gum
was dissolved in DMSO (2 x 1 ml) and purified by MDAP (formic acid). The solvent was dried
under a stream of nitrogen to give a light brown solid (45 mg). To the solid was added glacial
acetic acid (1 ml, 0.088 mmol) and the reaction mixture was heated under microwave conditions
at 120 °C for a total of 29 hours. The reaction mixture was blown down under a stream of
nitrogen. The resulting gum was dissolved in DMSO (1 ml) and purified by MDAP (high pH).
The solvent was blown down a stream of nitrogen to give the required product 4-(8-methoxy-2-
(tetrahydro-2H-pyran-4-yl)-1-(1-(tetrahydro-2 H-pyran-4-yl)ethyl)-1 H-imidazo[4,5-c]quinoline-

7-y1)-3,5-dimethylisoxazole 2.13 (18.7 mg, 0.038 mmol, 15% yield) as a light pink solid.

LCMS (formic acid): rt = 0.75 min, MH" = 491

"H NMR (ds-DMSO0, 393 K): § 0.83 — 0.96 (m, 1 H), 1.19 — 1.34 (m, 1 H), 1.55 - 1.70 (m, 1 H),
1.80 — 1.97 (m, 6 H), 2.01 — 2.11 (m, 2 H), 2.17 (s, 3 H), 2.35 (s, 3 H), 2.55 - 2.70 (m, 1 H),
3.06 — 3.19 (m, 1 H), 3.39 — 3.53 (m, 2 H) 3.58 — 3.76 (m, 2 H), 3.94 — 4.13 (m, 7 H), 4.69 —
5.12 (m, 1 H), 7.75 (s, 1 H), 7.99 (s, 1 H), 9.04 (s, 1 H).

4-(8-Methoxy-2-(methoxymethyl)-1-((tetrahydro-2 H-pyran-4-yl)methyl)-1 H-imidazo[4.5-

c]quinoline-7-yl)-3,5-dimethylisoxazole, 2.14:
A solution of 2—-methoxyacetic acid (0.015 ml, 0.193 mmol), HATU (81 mg, 0.213 mmol) and
DIPEA (0.084 ml, 0.484 mmol) in DMF (2 ml) was stirred at room temperature for 15 min. 7-
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(3,5-dimethylisoxazol-4-yl)-6-methoxy-N4-((tetrahydro-2 H-pyran-4-yl)methyl)quinoline-3,4-
diamine 2.46 (37 mg, 0.097 mmol) was added and the reaction mixture stirred at room
temperature for 3 hours. The reaction mixture was blown down under a stream of nitrogen. The
sample was loaded in DCM and purified by SPE (aminopropyl, 2 g), eluted using 10% MeOH
in DCM. The appropriate fractions were combined and blown down a stream of nitrogen to give
a brown gum. The gum was dissolved in DMSO (1 ml) and purified by MDAP (high pH). The
solvent was blown down a stream of nitrogen to give a colourless gum (22 mg). To this was
added acetonitrile (1.5 ml) and 10 mM aqueous ammonium bicarbonate solution, adjusted to pH
10 using ammonia (1.5 ml), and the reaction mixture stood at room temperature for 4 days. The
reaction mixture was blown down under a stream of nitrogen to give the required product 4-(8-
methoxy-2-(methoxymethyl)-1-((tetrahydro-2 H-pyran-4-yl)methyl)-1 H-imidazo[4,5-
c]quinoline-7-yl)-3,5-dimethylisoxazole 2.14 (22 mg, 0.050 mmol, 52% yield) as a colourless
glass.

LCMS (formic acid): rt = 0.70 min, MH" = 437

'H NMR (d¢-DMSO, 393 K): 0 1.51 — 1.64 (m, 4 H), 2.16 (s, 3 H), 2.35 — 2.43 (m, 4 H), 3.26 —
3.32 (m, 2 H), 3.45 (s, 3 H), 3.85 - 3.90 (m, 2 H), 4.02 (s, 3 H), 4.69 (d, /= 7.6 Hz, 2 H), 4.84
(s,2 H),7.73 (s, 1 H), 8.00 (s, 1 H), 9.06 (s, 1 H).

4-(8-Methoxy-2-(methoxymethyl)-1-(1-methoxypropan-2-yl)-1H-imidazo[4.5-c]quinoline-7-

y1)-3.5-dimethylisoxazole, 2.16:
A solution of 2-methoxyacetic acid (0.043 ml, 0.556 mmol), HATU (229 mg, 0.602 mmol) and
DIPEA (0.243 ml, 1.389 mmol) in DMF (2 ml) was stirred at room temperature for 15 min. 7-

(3,5-Dimethylisoxazol-4-yl)-6-methoxy-N4-(1-methoxypropan-2-yl)quinoline-3,4-diamine 2.48
(165 mg, 0.463 mmol) was added and the reaction mixture stirred at room temperature over the
weekend. A solution of 2—methoxyacetic acid (0.022 ml, 0.278 mmol), HATU (115 mg, 0.302
mmol) and DIPEA (0.121 ml, 0.693 mmol) in DMF (1 ml) was stirred at room temperature for
15 min. This was added to the reaction mixture, which was then stirred at room temperature for
6 hours. The reaction mixture was blown down under a stream of nitrogen. The sample was
loaded in DCM and purified by SPE (aminopropyl, 2 g), eluted using 10% MeOH in DCM. The
appropriate fractions were combined and blown down under a stream of nitrogen to give a
brown gum. The gum was dissolved in DMSO (2 x 1 ml) and purified by MDAP (high pH).
The solvent was blown down under a stream of nitrogen to give a colourless gum. The gum was
dissolved in acetic acid (1.5 ml, 0.336 mmol) and the reaction mixture heated under microwave
conditions at 120 °C for 1 hour. The reaction mixture was blown down under a stream of

nitrogen. The resulting gum was dissolved in DMSO (2 x 1 ml) and purified by MDAP (high

205



CONFIDENTIAL — PROPERTY OF GSK— DO NOT COPY

pH). The solvent was blown down under a stream of nitrogen to give the required product 4-(8-
methoxy-2-(methoxymethyl)-1-(1-methoxypropan-2-yl)-1H-imidazo[4,5-c]quinoline-7-yl)-3,5-
dimethylisoxazole 2.16 (40 mg, 0.097 mmol, 21% yield) colourless glass.

LCMS (formic acid): rt = 0.75 min, MH" = 491

'H NMR (d¢-DMSO, 393 K): 6 1.81 (d, J = 7.1 Hz, 3 H), 2.16 (s, 3 H), 2.35 (s, 3 H), 3.31 (s, 2
H), 3.43 (s, 2 H), 3.94 — 4.05 (m, 4 H), 4.79 — 4.92 (m, 2 H), 5.42 — 5.56 (m, 1 H), 7.83 (s, 1 H),
8.00 (s, 1 H), 9.06 (s, 1 H).

4-(2-Cyclopropyl-8-methoxy-1-((tetrahydro-2H-pyran-4-yl)methyl)-1 H-imidazo[4.5-

c]quinoline-7-yl)-3.5-dimethylisoxazole, 2.17:

To a solution of 7-(3,5-dimethylisoxazol-4-yl)-6-methoxy-N4-((tetrahydro-2H-pyran-4-
yl)methyl)quinoline-3,4-diamine 2.46 (136 mg, 0.356 mmol) in DCM (2 ml) was added
pyridine (0.144 ml, 1.778 mmol) and cyclopropanecarbonyl chloride (0.039 ml, 0.427 mmol),
and the reaction mixture stirred at room temperature for 3 days. The reaction mixture was blown
down under a stream of nitrogen and the residue dissolved in DMSO (2 x 1 ml) and purified by
MDAP (high pH). The solvent was blown down a stream of nitrogen to give an off-white gum.
The gum was dissolved in acetic acid (1.5 ml, 0.193 mmol) and the reaction mixture heated
under microwave conditions at 110 °C for a total of 3 hours. The reaction mixture was blown
down under a stream of nitrogen and dissolved in DMSO (2 x 1 ml) and purified by MDAP
(high pH). The solvent was blown down under a stream of nitrogen to give the required product
4-(2-cyclopropyl-8-methoxy-1-((tetrahydro-2 H-pyran-4-yl)methyl)-1 H-imidazo[4,5-
c]quinoline-7-yl)-3,5-dimethylisoxazole 2.17 (55 mg, 0.127 mmol, 37% yield) as an off-white
gum.

LCMS (formic acid): rt = 0.73 min, MH" = 433

'H NMR (d¢-DMSO, 393 K): 0 1.11 — 1.26 (m, 4 H), 1.53 — 1.69 (m, 4 H), 2.16 (s, 3 H), 2.29 —
2.46 (m, 5 H), 3.24 — 3.41 (m, 2 H), 3.89 — 3.92 (m, 2 H), 4.01 (s, 3 H),4.73 (d, /J=7.6 Hz, 2
H), 7.70 (s, 1 H), 7.95 (s, 1 H), 8.94 (s, 1 H).

4-(2-Cyclopropyl-8-methoxy-1-(1-methoxypropan-2-yl)-1H-imidazo[4,5-c]quinoline-7-y1)-3.5-

dimethylisoxazole, 2.19:

To a solution of 7-(3,5-dimethylisoxazol-4-yl)-6-methoxy-N4-(1-methoxypropan-2-
yl)quinoline-3,4-diamine 2.48 (200 mg, 0.561 mmol) in DCM (2 ml) was added pyridine (0.227
ml, 2.81 mmol) and cyclopropanecarbonyl chloride (0.062 ml, 0.673 mmol), and the reaction
mixture stirred at room temperature for 2 hours. The reaction mixture was blown down under a
stream of nitrogen. The residue was dissolved in DMSO (3 x 1 ml) and purified by MDAP (high

pH). The solvent was blown down under a stream of nitrogen to give an off-white gum. The
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gum was dissolved in acetic acid (1.5 ml, 0.304 mmol) and the reaction mixture heated under
microwave conditions at 110 °C for 10 hours. The reaction mixture was blown down under a
stream of nitrogen and the residue dissolved in DMSO (2 x 1 ml) and purified by MDAP (high
pH). The solvent was blown down under a stream of nitrogen to give the required product 4-(2-
cyclopropyl-8-methoxy-1-(1-methoxypropan-2-yl)-1H-imidazo[4,5-c]quinoline-7-yl)-3,5-
dimethylisoxazole 2.19 (116 mg, 0.285 mmol, 69% yield) as an off-white solid.

LCMS (formic acid): rt = 0.79 min, MH" = 407

'H NMR (dg-DMSO, 393 K): § 1.10 — 1.31 (m, 4 H), 1.85 (d, J = 7.3 Hz, 3 H), 2.16 (s, 3 H),
2.29-241(m,4 H),3.32 (s, 3 H), 3.98 —4.09 (m, 4 H), 4.21 (dd, J=10.6, 8.1 Hz, 1 H), 5.59 —
5.68 (m, 1 H), 7.80 (s, 1 H), 7.95 (s, 1 H), 8.94 (s, 1 H).

7-(3.5-Dimethylisoxazol-4-y1)-8-methoxy-N.N-dimethyl-1-((tetrahydro-2 H-pyran-4-yl)methy])-

1 H-imidazo[4.5-c]quinoline-2-amine, 2.20:

7-(3,5-Dimethylisoxazol-4-yl)-6-methoxy-N4-((tetrahydro-2 H-pyran-4-yl)methyl)quinoline-
3,4-diamine 2.46 (50 mg, 0.131 mmol) and N-(dichloromethylene)-N-methylmethanaminium
chloride (42.5 mg, 0.261 mmol) were combined in dry acetonitrile (0.5 ml) and heated under
microwave conditions at 120 °C for 10 min. The reaction mixture was blown down under a
stream of nitrogen and the residue dissolved in DMSO (1 ml) and purified by MDAP (high pH).
The solvent was blown down under a stream of nitrogen to give the required product 7-(3,5-
dimethylisoxazol-4-yl)-8-methoxy-N,N-dimethyl-1-((tetrahydro-2 H-pyran-4-yl)methyl)-1 H-
imidazo[4,5-c]quinoline-2-amine 2.20 (44 mg, 0.101 mmol, 77% yield) as a yellow gum.

LCMS (formic acid): rt = 0.70 min, MH" = 436

"H NMR (ds-DMSO, 393 K): 0 1.31 — 1.37 (m, 4 H), 2.15 (s, 3 H), 2.17 — 2.25 (m, 1H), 2.34 (s,
3 H),2.99 (s, 6 H),3.13 -3.26 (m, 2 H), 3.74 — 3.84 (m, 2 H), 3.99 (s, 3 H), 4.51 (d, /= 7.3 Hz,
2 H), 7.60 (s, 1 H) 7.91 (s, 1 H) 8.90 (s, 1 H).

C NMR (de-DMSO, 300 K): 6 10.4, 11.4, 29.6, 35.0, 42.7, 50.8, 55.8, 66.2, 99.4, 112.4, 117.9,
119.6,131.9, 132.9, 135.8, 138.9, 141.0, 155.0, 159.2, 160.6, 165.9.

IR (neat): 2944 (NCHj3;), 2911 (NCHs;), 2853 (NCHj3;), 1574 (aryl), 1531 (aryl), 1216 (aryl ether),
845 (aryl C-H) cm™

M.pt.: 205-207 °C

HRMS: (C4H30N503) MH" requires 436.2343, found MH" 436.2335

Ethyl 7-(3,5-dimethylisoxazol-4-y1)-4-hydroxy-6-methoxyquinoline-3-carboxylate, 2.29:

To refluxing diphenyl ether (50 ml) was added portionwise diethyl 2-(((3-(3,5-
dimethylisoxazol-4-yl)-4-methoxyphenyl)amino)methylene)malonate 2.28 (9.5 g, 48.9 mmol).

Vigorous effervescence occurred. Heating was continued for a further 16 min, at which point
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the heating was stopped and the reaction mixture allowed to cool to room temperature over two
hours. Diethyl ether (50 ml) was added and the mixture stood at room temperature for 60 min.
The resulting solid was removed by filtration, washed on the filter with diethyl ether (2 x 50
ml), and dried in a vacuum oven overnight to give ethyl 7-(3,5-dimethylisoxazol-4-yl)-4-
hydroxy-6-methoxyquinoline-3-carboxylate 2.29 (8.0 g, 23.37 mmol, 96% yield) as a crunchy
light brown solid.

LCMS (formic acid): rt = 0.73 min, MH" = 343

'H NMR (dg-DMSO): 6 1.29 (t,J= 7.1 Hz, 3 H), 2.12 (s, 3 H), 2.32 (s, 3 H), 3.88 (s, 3 H), 4.23
(q,J=7.1Hz,2H),7.52 (s, 1 H), 7.70 (s, 1 H), 8.55 (s, 1 H), 12.25 (brs, 1H).

7-(3.,5-Dimethylisoxazol-4-y1)-4-hydroxy-6-methoxyquinoline-3-carboxylic acid, 2.30:

To a suspension of ethyl 7-(3,5-dimethylisoxazol-4-yl)-4-hydroxy-6-methoxyquinoline-3-
carboxylate 2.29 (11.2 g, 32.7 mmol) in EtOH (50 ml) was added 2 M aqueous sodium
hydroxide solution (50 ml, 100 mmol) and the reaction mixture heated at 100 °C for 3 hours.
The reaction mixture was concentrated to approximately half volume under reduced pressure,
and water (50 ml) added. The solution was washed with EtOAc (100 ml) and the aqueous layer
acidified to pH 3 using 2 M aqueous hydrochloric acid solution. The resulting thick suspension
was stood for 20 min. The solid was removed by filtration and washed on the filter with water
(50 ml), followed by diethyl ether (50 ml), and dried in a vacuum oven overnight to give 7-(3,5-
dimethylisoxazol-4-yl)-4-hydroxy-6-methoxyquinoline-3-carboxylic acid 2.30 (10.1 g, 32.1
mmol, 98% yield) as a pale brown crunchy solid.

LCMS (formic acid): rt = 0.77 min, MH" = 315

"H NMR (d¢-DMSO): 6 2.14 (s, 3 H), 2.34 (s, 3 H), 3.95 (s, 3 H), 7.75 (s, 1 H), 7.77 (s, 2 H),
8.86 (d,J=5.1 Hz, 1 H), 13.49 (br s, 1H), 15.35 - 15.61 (br s, 1 H).

7-(3.5-Dimethylisoxazol-4-yl)-6-methoxyquinolin-4-ol, 2.31:

To refluxing diphenyl ether (120 ml) was added 7-(3,5-dimethylisoxazol-4-yl)-4-hydroxy-6-
methoxyquinoline-3-carboxylic acid 2.30 (6.05 g, 19.3 mmol) in small portions over eight
minutes. Vigorous bubbling was seen on addition. The reaction mixture was heated at reflux for
16 min, and then allowed to cool to room temperature over 2 hours. Diethyl ether (100 ml) was
added and the mixture stood at room temperature for 2 hours. The solid was removed by
filtration, washed on the filter with diethyl ether (2 x 50 ml), and dried in a vacuum oven
overnight to give 7-(3,5-dimethylisoxazol-4-yl)-6-methoxyquinolin-4-ol 2.31 (4.6 g, 17.02
mmol, 88% yield) as a pale brown powder.

LCMS (formic acid): rt = 0.62 min, MH" = 271
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"H NMR (dg-DMSO): 6 2.12 (s, 3 H), 2.32 (s, 3 H), 3.31 (s, 3 H), 6.03 (d, /= 7.3 Hz, 1 H), 7.43
(s, 1 H), 7.62 (s, 1 H), 7.86— 7.91 (m, 1 H), 11.66 — 11.76 (br s, 1 H).

7-(3,5-Dimethylisoxazol-4-y1)-6-methoxy-3-nitroquinolin-4-ol, 2.32:

To a stirred solution of 7-(3,5-dimethylisoxazol-4-yl)-6-methoxyquinolin-4-ol 2.31 (8.7 g, 32.2
mmol) in propionic acid (88 ml) was added, dropwise, fuming nitric acid (3.16 ml, 70.8 mmol).
After addition was complete, the reaction mixture was stirred at 100 °C for 1 hour. The reaction
mixture was allowed to cool to room temperature. The solid was removed by filtration, washed
on the filter with diethyl ether (100 ml), and dried in a vacuum oven to give 7-(3,5-
dimethylisoxazol-4-yl)-6-methoxy-3-nitroquinolin-4-ol 2.32 (7.3 g, 23.15 mmol, 72% yield) as
a mustard yellow solid.

LCMS (formic acid): rt = 0.70 min, MH" = 316

'H NMR (ds-DMSO): 6 2.13 (s, 3 H), 2.33 (s, 3 H), 3.92 (s, 3 H), 7.61 (s, 1 H), 7.78 (s, 1 H),
9.17 (brs, 1 H), 12.88 — 13.01 (brs, 1 H).

PC NMR (de-DMSO, 303 K):  10.3, 11.4, 55.9, 105.6, 111.7, 122.3, 125.2, 129.2, 130.4,
132.4,141.3, 155.1, 158.8, 166.6, 166.8.

IR: 1613 (aryl), 1536 (aryl), 1536 (NO,), 1361 (NO,), 1221 (aryl ether), 786 (aryl C-H) cm™
M.pt.: 257-267 (decomposition)

HRMS: (C;sH;sN305) MH" requires 316.0933, found MH™ 316.0937

4-(4-Chloro-6-methoxy-3-nitroquinolin-7-y1)-3.5-dimethylisoxazole, 2.33:

A solution of 7-(3,5-dimethylisoxazol-4-yl)-6-methoxy-3-nitroquinolin-4-ol 2.32 (3.5 g, 11.10
mmol) in phosphorus oxychloride (35 ml, 375 mmol) was heated at 120 °C for 2 hours. The
reaction mixture was allowed to cool to room temperature and evaporated under reduced
pressure. Twice, toluene (50 ml) was added and the mixture evaporated under reduced pressure.
The residual brown liquid was dissolved in DCM (250 ml) and the organic layer was washed
with saturated aqueous sodium bicarbonate solution (3 x 150 ml), until the aqueous layer
removed was neutral. The organic layer was dried using a hydrophobic frit and evaporated
under reduced pressure. The sample was loaded in DCM and purified by SPE (silica, 100 g)
using 0 — 50% EtOAc in cyclohexane. The appropriate fractions were combined and evaporated
under reduced pressure to give the required product 4-(4-chloro-6-methoxy-3-nitroquinolin-7-
yl)-3,5-dimethylisoxazole 2.33 (2.76 g, 8.27 mmol, 75% yield) as a yellow solid.

LCMS (formic acid): rt = 1.13 min, MH" = 334

'H NMR (dg-DMSO): 6 2.16 (s, 3 H), 2.36 (s, 3 H), 4.05 (s, 3 H), 7.74 (s, 1 H), 8.15 (s, 1 H),
9.27 (s, 1 H).
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C NMR (d-DMSO, 303 K): § 10.3, 11.4, 55.9, 105.6, 111.7, 122.3, 125.2, 129.2, 130.4,
132.4, 141.3, 155.1, 158.8, 166.6, 166.8.

IR (neat): 1612 (aryl), 1589 (aryl), 1535 (NO,), 1361 (NO,), 1223 (aryl ether), 784 (aryl C-H)
cm’!

M.pt.: 279—>300 °C (decomposition)

HRMS: (C;sH4N;Os - consistent with hydroxyl replacement of chloro) MH" requires 316.0928,

found MH": 316.0926

7-(3.5-Dimethylisoxazol-4-y1)-6-methoxy-4-(((tetrahydro-2 H-pyran-4-

ylmethyl)amino)quinoline-3-carboxamide, 2.35:

To a suspension of 4-chloro-7-(3,5-dimethylisoxazol-4-yl)-6-methoxyquinoline-3-carboxamide
2.34 (2 g, 6.03 mmol) in N-methyl-2-pyrrolidinone (5 ml) was added DIPEA (2.63 ml, 15.07
mmol) and (tetrahydro-2H-pyran-4-yl)methanamine (0.868 g, 7.54 mmol), and the reaction
mixture heated at 120 °C for 2 hours. LCMS (formic acid) of the reaction mixture showed 92%
product by UV, rt = 0.63 min, MH" = 411. The reaction mixture was loaded directly onto and
purified by SPE (70 g, SCX) washed with 20% MeOH in DCM and eluted using (2 M ammonia
in MeOH). The appropriate fractions were combined and evaporated under reduced pressure.
The resulting gum was triturated using EtOAc to give the required product 7-(3,5-
dimethylisoxazol-4-yl)-6-methoxy-4-(((tetrahydro-2 H-pyran-4-yl)methyl)amino)quinoline-3-
carboxamide 2.35 (1.76 g, 4.29 mmol, 71% yield) as a pale brown solid.

LCMS (formic acid): rt = 0.64 min, MH" =411

"H NMR (dg-DMSO): 6 1.20 — 1.30 (m, 2 H), 1.60 — 1.72 (m, 2 H), 1.84 — 1.96 (m, 1 H), 2.13
(s, 3 H),2.32(s,3 H),3.22-3.33 (m, 2 H), 3.53 (d, /= 6.1 Hz, 2 H), 3.86 (dd, /= 11.2,3.2 Hz,
2 H), 3.92 (s, 3 H), 7.39 — 7.51 (m, 1 H), 7.66 — 7.67 (m, 2 H), 7.98 — 8.09 (brs, 1 H), 8.58 (s, 1
H), 8.61 (t,J=5.3 Hz, 1 H).

7-(3.5-Dimethylisoxazol-4-y1)-6-methoxy-4-(((tetrahydro-2 H-pyran-3-

yl)methyl)amino)quinoline-3-carboxamide, 2.36:

To a suspension of 4-chloro-7-(3,5-dimethylisoxazol-4-yl)-6-methoxyquinoline-3-carboxamide
2.34 (1 g, 3.01 mmol) in dry N-methyl-2-pyrrolidinone (2.5 ml) was added DIPEA (1.316 ml,
7.54 mmol) and (tetrahydro-2H-pyran-3-yl)methanamine (0.434 g, 3.77 mmol). The reaction
mixture was heated under nitrogen at 100 °C for 2 hours, and then stood at room temperature
overnight. LCMS (formic acid) of the reaction mixture showed 81% product by UV, rt = 0.63
min, MH" = 411. The solution was added directly onto, and purified by, SPE (50 g, SCX). The
column was washed with 10% MeOH in DCM and eluted with 50% (2 M ammonia in MeOH)

in DCM. The appropriate fractions were combined and evaporated under reduced pressure to
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give a brown gum. The gum was triturated in EtOAc (~ 15 ml); the solid was removed by
filtration and dried in a vacuum oven overnight to give 7-(3,5-dimethylisoxazol-4-yl)-6-
methoxy-4-(((tetrahydro-2 H-pyran-3-yl)methyl)amino)quinoline-3-carboxamide 2.36 (614 mg,
1.496 mmol, 50% yield) as a pale brown solid.

LCMS (formic acid): rt = 0.66 min, MH" = 411

'H NMR (dg-DMSO): 6 1.23 — 1.35 (m, 1 H), 1.42 — 1.53 (m, 1 H), 1.54 — 1.63 (m, 1 H), 1.81 —
1.97 (m, 2 H), 2.13 (s, 3 H), 2.33 (s, 3 H), 3.18 (dd, J=11.1,9.1 Hz, 1 H), 3.49 (t,/=6.2 Hz, 1
H), 3.67 - 3.75 (m, 1 H), 3.79 — 3.86 (m, 1 H), 3.93 (s, 3 H), 7.44 — 7.51 (brs, 1 H), 7.67 (s, 2
H), 8.02 -8.09 (brs, 1 H), 8.36 (brt, 1 H), 8.55 (s, 1 H).

7-(3.,5-Dimethylisoxazol-4-y1)-6-methoxy-4-(((tetrahydrofuran-3-yl)methyl)amino)quinoline-3-

carboxamide, 2.37:

To a suspension of 4-chloro-7-(3,5-dimethylisoxazol-4-yl)-6-methoxyquinoline-3-carboxamide
2.34 (1 g, 3.01 mmol) in dry N-methyl-2-pyrrolidinone (2.5 ml) was added DIPEA (1.316 ml,
7.54 mmol) and (tetrahydrofuran-3-yl)methanamine (0.381 g, 3.77 mmol). The reaction mixture
was heated under nitrogen at 100 °C for 2 hours, and then stood at room temperature overnight.
LCMS (formic acid) of the reaction mixture showed 91% product by UV, rt = 0.59 min, MH" =
397. The solution was added directly onto, and purified by, SPE (50 g, SCX). The column was
washed with 10% MeOH in DCM and eluted with 50% (2 M ammonia in MeOH) in DCM. The
appropriate fractions were combined and evaporated under reduced pressure to give a brown
gum. The gum was triturated in EtOAc (~ 15 ml); the solid was removed by filtration and dried
in a vacuum oven for 2 hours to give 7-(3,5-dimethylisoxazol-4-yl)-6-methoxy-4-
(((tetrahydrofuran-3-yl)methyl)amino)quinoline-3-carboxamide 2.37 (671 mg, 1.693 mmol,
56% yield) as a pale brown solid.

LCMS (formic acid): rt = 0.61 min, MH" = 397

'H NMR (dg-DMSO): 6 1.55 — 1.65 (m, 1 H), 1.96 — 2.05 (m, 1H), 2.13 (s, 3 H), 2.32 (s, 3 H),
2.55-2.64 (m, 1 H), 3.47 (dd, J=9.0, 6.0 Hz, 1 H) 3.56 — 3.66 (m, 3 H) 3.71 — 3.80 (m, 2 H),
3.92(s,3 H),7.42—-7.51 (brs, 1 H), 7.66 (s, 1 H), 7.67 (s, 1 H), 8.00 — 8.08 (br s, 1 H), 8.45 (br
t, 1 H), 8.57 (s, 1 H).

7-(3,5-dimethylisoxazol-4-y1)-6-methoxy-4-((oxetan-3-ylmethyl)amino)quinoline-3-

carboxamide, 2.38:

To a suspension of 4-chloro-7-(3,5-dimethylisoxazol-4-yl)-6-methoxyquinoline-3-carboxamide
2.34 (1 g, 3.01 mmol) in dry N-methyl-2-pyrrolidone (2.5 ml) was added DIPEA (1.316 ml,
7.54 mmol) and oxetan-3-ylmethanamine (0.328 g, 3.77 mmol) and the reaction mixture heated

under nitrogen at 100 °C for 2 hours and then stood at room temperature overnight. LCMS
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(formic acid) showed only production of the 7-(3,5-dimethylisoxazol-4-yl)-4-hydroxy-6-
methoxyquinoline-3-carboxamide side-product, and none of the desired product. The reaction

was therefore abandoned.

4-((Cyclopropylmethyl)amino)-7-(3.5-dimethylisoxazol-4-y1)-6-methoxyquinoline-3-

carboxamide, 2.39:

To a suspension of 4-chloro-7-(3,5-dimethylisoxazol-4-yl)-6-methoxyquinoline-3-carboxamide
2.34 (500 mg, 1.507 mmol) in dry N-methyl-2-pyrrolidinone (2.5 ml) was added DIPEA (0.658
ml, 3.77 mmol) and cyclopropylmethanamine (0.163 ml, 1.884 mmol). The reaction mixture
was heated under nitrogen at 100 °C for 3.5 hours. Further cyclopropylmethanamine (0.163 ml,
1.884 mmol) was added and the reaction mixture heated under nitrogen at 100 °C overnight.
LCMS (formic acid) of the reaction mixture showed 80% product by UV, rt = 0.70 min, MH+ =
367. The sample was loaded directly onto, and purified by, SPE (50 g, SCX). The column was
washed with 10% MeOH in DCM and eluted using (2 M ammonia in MeOH). The appropriate
fractions were combined and evaporated under reduced pressure to give a brown gum. The
compound was triturated in EtOAc; the solid was removed and dried in a vacuum oven
overnight to give 4-((cyclopropylmethyl)amino)-7-(3,5-dimethylisoxazol-4-yl)-6-
methoxyquinoline-3-carboxamide 2.39 (371 mg, 1.013 mmol, 67% yield) as a yellow solid.
LCMS (formic acid): rt = 0.70 min, MH" = 367

'H NMR (dg-DMSO): 6 0.27 — 0.34 (m, 2 H), 0.48 — 0.56 (m, 2 H), 1.12 — 1.23 (m, 1 H), 2.13
(s,3H)2.32(s,3 H),3.50-3.56 (m, 2 H) 3.91 (s, 3 H), 7.33 — 7.44 (br s, 1 H), 7.64 — 7.67 (m,
2 H), 7.97-8.07 (brs, 1 H), 8.60 (s, 1 H) 8.75 (t, /= 5.3 Hz, 1 H).

7-(3.5-Dimethylisoxazol-4-y1)-6-methoxy-4-((1-(tetrahydro-2 H-pyran-4-

yDethyl)amino)quinoline-3-carboxamide, 2.40:
4-Chloro-7-(3,5-dimethylisoxazol-4-yl)-6-methoxyquinoline-3-carboxamide 2.34 (1 g, 3.01

mmol) was suspended in N-methyl-2-pyrrolidinone (5 ml), 1-(tetrahydro-2H-pyran-4-
yl)ethanamine 2.55 (0.487 g, 3.77 mmol) and DIPEA (1.316 ml, 7.54 mmol) added, and the
reaction mixture heated at 100 °C for 3.5 hours. LCMS (formic acid) of the reaction mixture
showed 21% product by UV, 1t = 0.67 min, MH+ = 425. The sample was loaded directly, and
purified by, SPE (50g, SCX), washed with 50% MeOH in DCM and eluted using (2 M
ammonia in MeOH). The appropriate fractions were combined and evaporated under reduced
pressure to give a brown gum. The gum was loaded in MeOH/DCM (and the column dried in a
vacuum oven) and purified by SPE (100 g, silica) using a gradient of 0 — 100% EtOAc in
cyclohexane followed by 0-10% (2 M ammonia in MeOH) in DCM. The appropriate fractions

were combined and evaporated under reduced pressure to give the required product 7-(3,5-
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dimethylisoxazol-4-yl)-6-methoxy-4-((1-(tetrahydro-2 H-pyran-4-yl)ethyl)amino)quinoline-3-
carboxamide 2.40 (173 mg, 0.408 mmol, 14% yield) as a brown gum.

LCMS (formic acid): rt = 0.68 min, MH" = 425, 77% pure by UV.

"H NMR (dg-DMSO): 6 1.23 — 1.29 (m, 5 H) 1.27 (d, J= 6.6 Hz, 3 H) 1.52 — 1.62 (m, 1 H) 1.62
—1.74 (m, 2 H) 2.14 (s, 3 H) 2.34 (s, 3 H) 3.22 - 3.30 (m, 3 H) 3.82 - 3.90 (m, 2 H) 3.93 (s, 3
H) 7.54 (s, 1 H) 7.70 (s, 1 H) 8.38 (d,J=9.9 Hz, 1 H) 8.65 (s, 1 H). Compound > 70% pure by
NMR.

7-(3.,5-Dimethylisoxazol-4-y1)-8-methoxy-1-(1-(tetrahydro-2 H-pyran-4-yl)ethyl)-1H-
imidazo[4.5-c]quinoline-2(3H)-one, 2.41:

To a suspension of 7-(3,5-dimethylisoxazol-4-yl)-6-methoxy-4-((1-(tetrahydro-2H-pyran-4-
yl)ethyl)amino)quinoline-3-carboxamide 2.40 (169 mg, 0.398 mmol) in MeOH (2 ml) was
added potassium hydroxide (33.5 mg, 0.597 mmol), and the reaction mixture stirred at room
temperature for 20 min. The reaction mixture was cooled to 0 °C (ice/water bath), iodobenzene
diacetate (167 mg, 0.518 mmol) added, and the reaction mixture stirred at 0 °C for a further 2
hours. LCMS (formic acid) of the reaction mixture showed 65% product by UV, rt = 0.70 min,
MH+ = 423. The reaction mixture was blown down under a stream of nitrogen and the residue
dissolved in DMSO (4 x 1 ml) and purified by MDAP (1 x formic acid, 3 x high pH). The
solvent was dried under a stream of nitrogen to give the required product 7-(3,5-
dimethylisoxazol-4-yl)-8-methoxy-1-(1-(tetrahydro-2 H-pyran-4-yl)ethyl)-1H-imidazo[4,5-
c]quinoline-2(3H)-one 2.41 (41 mg, 0.097 mmol, 24% yield).

LCMS (formic acid): rt = 0.71 min, MH" = 423

"H NMR (d¢-DMSO0, 393 K): § 1.20 — 1.31 (m, 1 H), 1.31 — 1.38 (m, 1 H), 1.39 — 1.52 (m, 1 H),
1.66 (d,J=7.1 Hz, 3 H), 1.85 - 1.94 (m, 1 H), 2.12 (s, 3 H), 2.30 (s, 3 H), 2.55 - 2.68 (m, 1 H),
321 (dt, J=11.6,2.5 Hz, 1 H), 3.37 (dt, J=11.4, 2.8 Hz, 1 H), 3.72 — 3.79 (m, 1 H), 3.92 —
3.96 (m, 4 H), 4.66 —4.76 (m, 1 H), 7.53 (s, 1 H), 7.82 (s, 1 H), 8.11 —8.14 (br s, 1 H) 8.54 (s, 1
H).

7-(3,5-Dimethylisoxazol-4-y1)-6-methoxy-3-nitro-N-((tetrahydro-2 H-pyran-4-

yl)methyl)quinoline-4-amine, 2.42:

To a suspension of 4-(4-chloro-6-methoxy-3-nitroquinolin-7-yl)-3,5-dimethylisoxazole 2.33 (2
g, 5.99 mmol) in N-methyl-2-pyrrolidone (5 ml) was added DIPEA (1.047 ml, 5.99 mmol) and
(tetrahydro-2H-pyran-4-yl)methanamine (1.035 g, 8.99 mmol) and the reaction mixture heated
at 100 °C overnight. LCMS (formic acid) of the reaction mixture showed 79% product by UV, rt
= 0.88 min, MH+ = 413. The resulting solid was triturated in EtOAc to give a 7-(3,5-
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dimethylisoxazol-4-yl)-6-methoxy-3-nitro-N-((tetrahydro-2 H-pyran-4-yl)methyl)quinoline-4-
amine 2.42 (2.1 g, 5.09 mmol, 85% yield) as a yellow solid.

LCMS (formic acid): rt = 0.87 min, MH" =413

'H NMR (ds-DMSO): 6 1.18 — 1.29 (m, 2 H), 1.56 — 1.65 (m, 2 H), 1.91 — 2.04 (m, 1 H), 2.14
(s, 3 H),2.33 (s, 3 H), 3.23 - 3.28 (m, 2 H), 3.29 (s, 3 H), 3.47 (t, /= 6.0 Hz, 2 H), 3.85 (dd, J =
11.2, 3.2 Hz,2H),3.97(s,3H), 7.79 (s, 1 H) 7.92 (s, 1 H) 8.67 —8.72 (m, 1 H) 8.93 (s, 1 H).

7-(3.,5-Dimethylisoxazol-4-y1)-6-methoxy-3-nitro-N-(1-(tetrahydro-2 H-pyran-4-

yl)ethyl)quinoline-4-amine, 2.43:

4-(4-Chloro-6-methoxy-3-nitroquinolin-7-yl)-3,5-dimethylisoxazole 2.33 (520 mg, 1.558 mmol)
was dissolved in N-methyl-2-pyrrolidinone (5 ml), DIPEA (0.272 ml, 1.558 mmol) and 1-
(tetrahydro-2H-pyran-4-yl)ethanamine 2.55 (302 mg, 2.337 mmol) added, and the reaction
mixture heated at 100 °C for 3.5 hours. LCMS (formic acid) of the reaction mixture after 2.5
hours showed 35% product by UV, rt = 0.98 min, MH" = 427; also present is 31% by UV of a
side-product at rt = 0.70 min, MH" = 316, consistent with 7-(3,5-dimethylisoxazol-4-yl)-6-
methoxy-3-nitroquinolin-4-ol. The sample was loaded directly, and purified by, SPE (SCX, 50
g). The column was washed with 50% MeOH in DCM and eluted using (2 M ammonia in
MeOH). The appropriate fractions were combined and evaporated under reduced pressure to
give a brown gum. The gum was loaded in MeOH/DCM (and the column dried in a vacuum
oven) and purified by SPE (silica, 25 g) using 0 — 20% (2 M ammonia in MeOH) in DCM. The
appropriate fractions were combined and dried under a stream of nitrogen to give the required
product 7-(3,5-dimethylisoxazol-4-yl)-6-methoxy-3-nitro-N-(1-(tetrahydro-2 H-pyran-4-
yl)ethyl)quinoline-4-amine 2.43 (124 mg, 0.291 mmol, 19% yield) as a brown gum.

LCMS (formic acid): rt = 0.97 min, MH" = 427, 68% pure by UV.

"H NMR (d¢-DMSO): 0 1.46 (d, J= 6.3 Hz, 3 H) 1.53 — 1.61 (m, 2 H) 2.16 (s, 3 H) 2.16 — 2.22
(m, 3 H) 2.35(s,3H)3.19-3.29 (m, 1 H) 3.81 —3.90 (m, 4 H) 3.99 (s, 3 H) 7.75 (s, 1 H) 7.81
(s, 1 H) 8.45—-8.53 (m, 1 H) 8.99 (s, 1 H). Compound > 60% by NMR.

7-(3,5-Dimethylisoxazol-4-y1)-6-methoxy-N-(1-methoxypropan-2-yl)-3-nitroquinolin-4-amine,

2.44, Preparation A:

4-(4-Chloro-6-methoxy-3-nitroquinolin-7-yl)-3,5-dimethylisoxazole 2.33 (1 g, 3.00 mmol) was
dissolved in N-methyl-2-pyrrolidinone (4 ml), DIPEA (0.523 ml, 3.00 mmol) and 1-
methoxypropan-2-amine (0.474 ml, 4.49 mmol) added, and the reaction mixture heated at 100
°C for 2.5 hours. LCMS (formic acid) of the reaction mixture showed 93% product by UV, 1t =
0.98 min, MH+ = 387. The sample was loaded directly, and purified by, SPE (SCX, 50 g). The
column was washed with 50% MeOH in DCM and eluted using (2 M ammonia in MeOH). The
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appropriate fractions were combined and evaporated under reduced pressure to give a brown
gum. The sample was loaded in DCM and purified by SPE (silica, 50 g) using 0 — 20% (2 M
ammonia in MeOH) in DCM. The appropriate fractions were combined and blown down a
stream of nitrogen to give the required product 7-(3,5-dimethylisoxazol-4-yl)-6-methoxy-N-(1-
methoxypropan-2-yl)-3-nitroquinolin-4-amine 2.44 (715 mg, 1.850 mmol, 62% yield) as a
brown gum.

LCMS (formic acid): rt = 0.97 min, MH" = 387

'H NMR (dg-DMSO): 6 1.41 (d, J = 6.6 Hz, 3 H), 2.15 (s, 3 H), 2.34 (s, 3 H), 3.27 (s, 3 H), 3.50
—3.58 (m, 2 H), 3.98 (s, 3 H), 433 —-4.43 (m, 1 H), 7.82 (s, 1 H), 7.83 (s, 1 H), 8.64 (d,/J=9.4
Hz, 1 H), 9.03 (s, 1 H).

7-(3.5-Dimethylisoxazol-4-y1)-6-methoxy-N-(1-methoxypropan-2-yl)-3-nitroquinolin-4-amine,

2.44, Preparation B:

To a solution of 4-(4-chloro-6-methoxy-3-nitroquinolin-7-y1)-3,5-dimethylisoxazole 2.33 (20 g,
59.9 mmol) in 1,4-dioxane (200 ml) was added 1-methoxypropan-2-amine (31.6 ml, 300 mmol)
and the reaction mixture heated at 70 °C for 1.5 hours. The solvent was removed under reduced
pressure and the resulting solid partitioned between EtOAc (3 x 750 ml) and water (750 ml).
The organic layers were combined, dried using a hydrophobic frit and evaporated under reduced
pressure to give 7-(3,5-dimethylisoxazol-4-yl)-6-methoxy-N-(1-methoxypropan-2-yl)-3-
nitroquinolin-4-amine 2.44 (25.8 g). The yield is 98 % when the EtOAc seen in the NMR is
taken into account.

LCMS (formic acid): rt = 0.97 min, MH" = 387

"H NMR (d¢-DMSO): 6 1.41 (d, J= 6.6 Hz, 3 H), 2.15 (s, 3 H), 2.34 (s, 3 H), 3.29 (s, 3 H), 3.55
—3.58 (m, 2 H), 3.97 (s, 3 H), 4.34 — 4.44 (m, 1 H), 7.79 (s, 1 H), 7.83 (s, 1 H), 8.63 (d, /=09.1
Hz, 1 H), 9.04 (s, 1 H).

2.45:

4-(4-Chloro-6-methoxy-3-nitroquinolin-7-yl)-3,5-dimethylisoxazole 2.33 (1 g, 3.00 mmol) was
dissolved in N-methyl-2-pyrrolidinone (4 ml), DIPEA (0.523 ml, 3.00 mmol) and
cyclopropylmethanamine (0.378 ml, 4.49 mmol) added, and the reaction mixture heated at 100
°C for 3.5 hours. LCMS (formic acid) of the reaction mixture showed 92% product by UV, rt =
0.98 min, MH+ = 369. The sample was loaded directly, and purified by, SPE (SCX, 20 g),
washed with 50% MeOH in DCM and eluted using (2 M ammonia in MeOH). The appropriate
fractions were combined and evaporated under reduced pressure to give a brownish yellow

solid. The solid was triturated in EtOAc, filtered, and dried in a vacuum oven to leave N-
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(cyclopropylmethyl)-7-(3,5-dimethylisoxazol-4-yl)-6-methoxy-3-nitroquinolin-4-amine 2.45
(259 mg, 0.703 mmol, 23% yield) as a yellow solid.

LCMS (formic acid): rt = 0.97 min, MH" = 369

'H NMR (ds-DMSO): 6 0.33 — 0.39 (m, 2 H), 0.53 — 0.61 (m, 2 H), 1.14 — 1.26 (m, 1 H), 2.14
(s,3H),2.33 (s,3 H),3.58 (dd, J=6.2,4.9 Hz, 2 H), 3.97 (s, 3 H), 7.78 (s, 1 H), 7.88 (s, 1 H),
8.97 (s, 1 H), 9.00 — 9.04 (m, 1 H).

7-(3.5-Dimethylisoxazol-4-y1)-6-methoxy-N4-((tetrahydro-2 H-pyran-4-yl)methyl)quinoline-

3.4-diamine, 2.46. Preparation A:

To a suspension of 7-(3,5-dimethylisoxazol-4-yl)-6-methoxy-3-nitro-N-((tetrahydro-2 H-pyran-
4-yl)methyl)quinoline-4-amine 2.42 (270 mg, 0.655 mmol) in EtOAc (6 ml) and EtOH (2 ml)
was added MeOH (20 ml). The reaction flask was placed in an ultrasonic bath until the
suspended material had dissolved. The resulting solution was hydrogenated using an H-cube (20
°C, 1 bar, Iml/min flow rate) with a 10% Pd/C CatCart 30. Part way through the hydrogenation,
the H-cube became blocked. This was presumably due to material coming out of solution. The
material in the product flask that had passed through the H-cube was blown down under a
stream of nitrogen and the residue dissolved in DMSO (1 ml) and purified by MDAP (high pH).
The solvent was blown down under a stream of nitrogen to give the required product 7-(3,5-
dimethylisoxazol-4-yl)-6-methoxy-N4-((tetrahydro-2 H-pyran-4-yl)methyl)quinoline-3,4-
diamine 2.46 (41 mg, 0.107 mmol, 16% yield) as a pale yellow solid.

LCMS (formic acid): rt = 0.68 min, MH" = 383

"H NMR (de-DMSO): 6 1.20 — 1.31 (m, 2 H), 1.72 — 1.83 (m, 3 H), 2.10 (s, 3 H), 2.29 (s, 3 H),
3.05 (t, J= 6.6 Hz, 2 H), 3.21 — 3.29 (m, 2 H), 3.79 — 3.94 (m, 5 H), 4.74 (t,J= 7.1 Hz, 1 H),
5.08 (s,2 H), 7.39 (s, 1 H), 7.55 (s, 1 H), 8.27 (s, 1 H).

7-(3.5-Dimethylisoxazol-4-y1)-6-methoxy-N4-((tetrahydro-2 H-pyran-4-yl)methyl)quinoline-

3.4-diamine, 2.46, Preparation B:

To a suspension of 7-(3,5-dimethylisoxazol-4-yl)-6-methoxy-3-nitro-N-((tetrahydro-2 H-pyran-
4-yl)methyl)quinoline-4-amine 2.42 (1.1 g, 2.67 mmol) in EtOH (20 ml) was added tin (II)
chloride (1.770 g, 9.33 mmol) and the reaction mixture stirred at 40 °C for 1.5 hours. The
reaction mixture was basified to pH 12 using 2 M aqueous sodium hydroxide solution. Water
(50 ml) was added and the aqueous suspension extracted with DCM (3 x 50 ml). The organic
layers were combined, dried using a hydrophobic frit and blown down under a stream of
nitrogen. The sample was loaded in DCM and purified by SPE (silica, 100 g) using a gradient of
0 — 10% (2 M ammonia in MeOH) in DCM. The appropriate fractions were combined and

blown down under a stream of nitrogen to give the required product 7-(3,5-dimethylisoxazol-4-
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yl)-6-methoxy-N4-((tetrahydro-2 H-pyran-4-yl)methyl)quinoline-3,4-diamine  2.46 (984 mg,
2.57 mmol, 96% yield) as a brown gum.

LCMS (formic acid): rt = 0.69 min, MH" = 383

'H NMR (d¢-DMSO): 6 1.20 — 1.31 (m, 2 H), 1.72 — 1.80 (m, 3 H), 2.10 (s, 3 H), 2.29 (s, 3 H),
3.05(t,J=6.6 Hz, 2 H), 3.22 — 3.28 (m, 2 H), 3.82 —3.93 (m, 5 H), 4.74 (t, /= 7.1 Hz, 1 H),
5.07 (brs, 2 H), 7.39 (s, 1 H), 7.55 (s, 1 H), 8.27 (s, 1 H).

7-(3.5-Dimethylisoxazol-4-yl)-6-methoxy-N4-(1-(tetrahydro-2 H-pyran-4-yl)ethyl)quinoline-
3.4-diamine, 2.47:

7-(3,5-Dimethylisoxazol-4-yl)-6-methoxy-3-nitro-N-(1-(tetrahydro-2 H-pyran-4-
yl)ethyl)quinoline-4-amine 2.43 (120 mg, 0.281 mmol) was dissolved in EtOAc (4.5 ml) and

EtOH (1.5 ml) and the reaction mixture was hydrogenated using an H-cube (20 °C, 1 bar, 1
ml/min flow rate) with a 10% Pd/C CatCart 30. After the first pass through the H-cube the
reaction mixture was re-circulated for 60 min. The reaction mixture was blown down under a
stream of nitrogen to give 7-(3,5-dimethylisoxazol-4-yl)-6-methoxy-N4-(1-(tetrahydro-2H-
pyran-4-yl)ethyl)quinoline-3,4-diamine 2.47 (104 mg, 0.262 mmol, 93% yield) as a brown gum.
LCMS (formic acid): rt = 0.74 min, MH" = 397, 69% pure by LCMS

'H NMR not performed due to low purity.

7-(3.,5-Dimethylisoxazol-4-y1)-6-methoxy-N4-(1-methoxypropan-2-yl)quinoline-3.4-diamine,

2.48, Preparation A:

7-(3,5-Dimethylisoxazol-4-yl)-6-methoxy-N-(1-methoxypropan-2-yl)-3-nitroquinolin-4-amine
2.44 (715 mg, 1.850 mmol) was dissolved in EtOAc (15 ml) and EtOH (5 ml), and the reaction
mixture was hydrogenated using an H-cube (20 °C, 1 bar, 1 ml/min flow rate) with a 10% Pd/C
CatCart 30. The material was passed through the H-cube twice, after which time the reaction
mixture was blown down under a stream of nitrogen to give 7-(3,5-dimethylisoxazol-4-yl)-6-
methoxy-N4-(1-methoxypropan-2-yl)quinoline-3,4-diamine 2.48 (633 mg, 1.776 mmol, 96%
yield) as a brown gum.

LCMS (formic acid): rt = 0.74 min, MH" = 357

"H NMR (d¢-DMSO): 0 1.18 (d, J = 6.6 Hz, 3 H), 2.10 (s, 3 H), 2.30 (s, 3 H), 3.31 — 3.39 (m, 2
H), 3.49 —3.63 (m, 1 H), 3.88 (s, 3 H), 4.51 (d, /= 10.4 Hz, 1 H), 5.13 (br s, 2 H), 7.45 (s, 1 H)
7.55 (s, 1 H) 8.29 (s, 1 H).
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7-(3.5-Dimethylisoxazol-4-y1)-6-methoxy-N4-(1-methoxypropan-2-yl)quinoline-3.4-diamine,

2.48. Preparation B:

7-(3,5-Dimethylisoxazol-4-yl)-6-methoxy-N-(1-methoxypropan-2-yl)-3-nitroquinolin-4-amine
2.44 (25.8 g, 66.8 mmol) was dissolved in a mixture of EtOAc (1000 ml) and dimethyl
sulfoxide (50 ml) and the solution was hydrogenated using an H-cube (settings: 20 °C, 1 bar,
Iml/min flow rate) using 10% Pd/C CatCart 70 cartridges containing the catalyst. The catalyst
cartridge was changed whenever it became blocked. The reaction mixture was evaporated under
reduced pressure and partitioned between EtOAc (750 ml) and water (3 x 750 ml). The aqueous
layers were combined and extracted with EtOAc (750 ml). Both organic layers were combined,
dried using a hydrophobic frit, and evaporated under reduced pressure. The residue was loaded
in DCM and purified by SPE (silica, 8 x 100 g) using a gradient of 0 — 4% (2 M ammonia in
MeOH) in DCM. The appropriate fractions were combined and evaporated under reduced
pressure to give batches of product (13.6 g) and recovered starting material (6.5 g).

The recovered starting material was dissolved in EtOAc (250 ml) and the reaction was
hydrogenated using an H-cube (settings: 20 °C, 1 bar, Iml/min flow rate) using a 10% Pd/C
CatCart 70 as the catalyst. The reaction mixture was evaporated under reduced pressure and the
residue was loaded in DCM and purified by SPE (silica, 2 x 100 g) using a gradient of 0—4% (2
M ammonia in MeOH) in DCM. The appropriate fractions were combined and evaporated under
reduced pressure to give a second batch of product.

Both batches of product were combined to give 7-(3,5-dimethylisoxazol-4-yl)-6-methoxy-N4-
(1-methoxypropan-2-yl)quinoline-3,4-diamine 2.48 (15.6 g, 43.8 mmol, 66% yield) as a sticky
dark brown gum.

LCMS (formic acid): rt = 0.73 min, MH" = 357

'H NMR (d¢-DMSO, 393 K): 6 1.20 (d, J = 6.6 Hz, 2 H), 2.11 (s, 3 H), 2.30 (s, 3 H), 3.32 (s, 3
H), 3.35-3.43 (m, 2 H) 3.52 - 3.65 (m, 1 H), 3.89 (s, 3 H), 4.31 (d, /= 10.1 Hz, 1 H), 4.96 (s,
1 H), 7.45 (s, 1 H), 7.55 (s, 1 H), 8.32 (s, 1 H).

4-(1-(Cyclopropylmethyl)-8-methoxy-2-(tetrahydro-2H-pyran-4-y1)-1H—imidazo[4.5-

c]quinoline-7-yl)-3.5-dimethylisoxazole, 2.49:

To a suspension of N-(cyclopropylmethyl)-7-(3,5-dimethylisoxazol-4-yl)-6-methoxy-3-
nitroquinolin-4-amine 2.45 (100 mg, 0.271 mmol) and sodium hydrosulfite (142 mg, 0.814
mmol) in EtOH (0.8 ml) and water (0.4 ml) was added tetrahydro—2H—pyran—4—carbaldehyde
(62.0 mg, 0.543 mmol), and the reaction mixture heated in under microwave conditions at 100
°C for 1 hour. The reaction mixture was blown down under a stream of nitrogen and the residue

dissolved in DMSO (3 x 1 ml) and purified by MDAP (high pH). One of these runs failed and
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the material was lost. The solvent was blown down under a stream of nitrogen to give the
required  product  4-(1-(cyclopropylmethyl)-8-methoxy-2-(tetrahydro-2 H-pyran-4-yl)-1H-
imidazo[4,5-c]quinoline-7-yl)-3,5-dimethylisoxazole 2.49 (32 mg, 0.074 mmol, 27% yield) as a
colourless gum.

LCMS (formic acid): rt = 0.78 min, MH" = 433

'H NMR (ds-DMSO, 393 K): 6 0.48 — 0.55 (m, 2 H) 0.64 — 0.68 (m, 2 H), 1.38 — 1.52 (m, 1 H),
1.89 - 1.92 (m, 2 H), 2.01 — 2.10 (m, 2H), 2.15 (s, 3 H), 2.34 (s, 3 H), 3.30 — 3.43 (m, 1 H), 3.56
—3.68 (m, 2 H), 3.99 -4.09 (m, 5 H), 4.71 (d, J= 6.0 Hz, 2 H), 7.89 (s, 1 H), 7.97 (s, 1 H), 9.04
(s, 1 H).

4-(2-Cyclopropyl-1-(cyclopropylmethyl)-8-methoxy-1H-imidazo[4,5-c]quinoline-7-y1)-3.5-

dimethylisoxazole, 2.50:

To a suspension of N-(cyclopropylmethyl)-7-(3,5-dimethylisoxazol-4-yl)-6-methoxy-3-
nitroquinolin-4-amine 2.45 (30 mg, 0.081 mmol) and sodium hydrosulfite (42.5 mg, 0.244
mmol) in EtOH (0.4 ml) and water (0.2 ml) was added cyclopropanecarbaldehyde (0.012 ml,
0.163 mmol), and the reaction mixture heated under microwave conditions at 100 °C for a total
of 2 hours. The reaction mixture was blown down under a stream of nitrogen and the residue
dissolved in DMSO (1 ml) and purified by MDAP (high pH). The solvent was blown down
under a stream of nitrogen to give the required product 4-(2-cyclopropyl-1-(cyclopropylmethyl)-
8-methoxy-1H-imidazo[4,5-c]quinoline-7-yl)-3,5-dimethylisoxazole 2.50 (9.5 mg, 0.024 mmol,
30% yield) as a colourless gum.

LCMS (formic acid): rt = 0.80 min, MH" = 389

"H NMR (d¢-DMSO0, 393 K): § 0.50 — 0.55 (m, 2 H), 0.56 — 0.63 (m, 2 H), 1.11 — 1.17 (m, 4 H),
1.44 —1.57 (m, 1 H), 2.15 (s, 3 H), 2.34 (s, 3 H), 2.36 — 2.42 (m, 1 H), 4.03 (s, 3 H), 4.80 (d, /=
6.3 Hz, 2 H), 7.84 (s, 1 H), 7.96 (s, 1 H), 8.96 (s, 1 H).

(S.E)-2-Methyl-N-((tetrahydro-2H-pyran-4-yl)methylene)propane-2-sulfinamide, 2.57-R:

To a mixture of (S)-2-methylpropane-2-sulfinamide 2.56-S (1.327 g, 10.95 mmol), pyridinium
p—toluenesulfonate (0.138 g, 0.548 mmol) and magnesium sulfate (6.59 g, 54.8 mmol) in
dichloroethane (16 ml) was added tetrahydro-2H-pyran-4-carbaldehyde 2.51 (2.5 g, 21.90
mmol) and the reaction mixture stirred under nitrogen at room temperature overnight. The
reaction mixture was filtered, the solid washed with DCM and discarded. The filtrate was blown
down under a stream of nitrogen. The sample was loaded in DCM and purified by SPE (silica,
100 g) using a gradient of 0 — 50% EtOAc in cyclohexane. The appropriate fractions were
combined and evaporated under reduced pressure to give the required product (S,£)-2-methyl-

N-((tetrahydro-2 H-pyran-4-yl)methylene)propane-2-sulfinamide 2.57-R (2.1 g, 9.66 mmol, 44%
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yield) as a white crystalline solid.

LCMS (formic acid): rt = 0.78 min, MH" = 218

'H NMR (CDCls): 6 1.20 (s, 9 H), 1.60 — 1.78 (m, 2 H), 1.79 — 1.90 (m, 2 H), 2.65 — 2.77 (m, 1
H), 3.44 —3.56 (m, 2 H), 3.95 — 4.06 (m, 2 H), 8.01 (d, /= 3.8 Hz, 1H).

(R.E)-2-Methyl-N-((tetrahydro-2 H-pyran-4-yl)methylene)propane-2-sulfinamide, 2.57-S:

Method as for 2.57-R, using the following reagents: (R)-2-methylpropane-2-sulfinamide 2.56-R
(1.207 ml, 10.95 mmol), pyridinium p-toluenesulfonate (0.138 g, 0.548 mmol), magnesium
sulfate (6.59 g, 54.8 mmol), tetrahydro-2H-pyran-4-carbaldehyde 2.51 (2.5 g, 21.90 mmol) and
dichloroethane (16 ml). The final product was: (R,E)-2-methyl-N-((tetrahydro-2H-pyran-4-
yl)methylene)propane-2-sulfinamide 2.57-S (1.74 g, 8.01 mmol, 36% yield) as a white
crystalline solid.

LCMS (formic acid): rt = 0.78 min, MH" = 218

'H NMR (CDCl3): 6 1.20 (s, 9 H) 1.62 — 1.79 (m, 2 H) 1.79 — 1.89 (m, 2 H) 2.61 — 2.78 (m, 1
H)3.40-3.56 (m,2 H) 3.92 -4.07 (m, 2 H) 8.0 (d, /J=3.8 Hz, 1 H)

(8)-2-Methyl-N-((R)-1-(tetrahydro-2H-pyran-4-yl)ethyl)propane-2-sulfinamide, 2.58-R:

A solution of (S,E)-2-methyl-N-((tetrahydro-2H-pyran-4-yl)methylene)propane-2-sulfinamide
2.57-R (2.1 g, 9.66 mmol) in dry DCM (50 ml) under nitrogen was cooled to 0 °C (ice/water
bath), and 2 M methylmagnesium bromide in THF (9.66 ml, 19.33 mmol) added dropwise. The
reaction mixture was allowed to warm to room temperature and stirred for a further 3 hours.
Saturated aqueous ammonium chloride solution (10 ml) was added, and the aqueous layer
removed. The organic layer was washed with water (40 ml), brine (40 ml), dried using a
hydrophobic frit and evaporated under reduced pressure. The sample was loaded in DCM and
purified by SPE (silica, 100 g) using a gradient of 0 — 100% EtOAc in cyclohexane. The
appropriate fractions were combined and evaporated under reduced pressure to give the required
product (S)-2-methyl-N-((R)-1-(tetrahydro-2 H-pyran-4-yl)ethyl)propane-2-sulfinamide 2.58-R
(1.19 g, 5.10 mmol, 53% yield) as a colourless liquid.

LCMS (formic acid): no UV chromophore

"H NMR (CDCls): 6 1.22 (s, 9 H), 1.28 (d, J = 6.6 Hz, 3 H), 1.30 — 1.48 (m, 2 H), 1.50 — 1.57
(m, 1 H), 1.65—-1.74 (m, 1 H), 2.81 (d, J=7.6 Hz, 1 H), 3.14 — 3.24 (m, 1 H), 3.33 —3.38 (m, 2
H), 3.94 — 4.05 (m, 2 H).

(R)-2-Methyl-N-((S)-1-(tetrahydro-2 H-pyran-4-yl)ethyl)propane-2-sulfinamide, 2.58-S:
Method as for 2.58-R, using the following reagents: (R,E)-2-methyl-N-((tetrahydro-2 H-pyran-4-

yl)methylene)propane-2-sulfinamide 2.57-S (1.74 g, 8.01 mmol), 2 M methylmagnesium
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bromide in THF (8.01 ml, 16.01 mmol) and DCM (40 ml). The final product was: (R)-2-methyl-
N-((S)-1-(tetrahydro-2 H-pyran-4-yl)ethyl)propane-2-sulfinamide 2.58-S (1.47 g, 6.30 mmol,
79% yield) as a colourless liquid.

LCMS (formic acid): no UV chromophore

"HNMR (CDCl): 6 1.22 (s, 9 H) 1.28 (d, J= 6.6 Hz, 3 H) 1.31 — 1.49 (m, 2 H) 1.50 — 1.57 (m,
1 H) 1.66 — 1.75 (m, 1 H) 2.82 (d, J=7.8 Hz, 1 H) 3.14 - 3.24 (m, 1 H) 3.31 — 3.43 (m, 2 H)
3.96 —4.04 (m, 2 H)

(R)-1-(Tetrahydro-2H-pyran-4-yl)ethanamine hydrochloride, 2.59-R:
To a solution of (S)-2-methyl-N-((R)-1-(tetrahydro-2H-pyran-4-yl)ethyl)propane-2-sulfinamide
2.58-R (1.19 g, 5.10 mmol) in MeOH (15 ml) was added 4 M hydrochloric acid in 1,4-dioxane

(12.75 ml, 51.0 mmol) and the reaction mixture stirred at room temperature for 1 hour. The
reaction mixture was evaporated under reduced pressure and triturated in diethyl ether to give
(R)-1-(tetrahydro-2 H-pyran-4-yl)ethanamine hydrochloride 2.59-R (855 mg, 5.16 mmol, 101%
yield) as an off-white solid. The yield is 96% when the 1,4-dioxane in the NMR is taken into
account.

LCMS (formic acid): rt = 0.22 min, MH" = 130, no UV chromophore

"H NMR (CDCLy): § 1.40 (d, J = 6.6 Hz, 3 H) 1.42 — 1.57 (m, 2 H), 1.68 (d, J = 12.9 Hz, 1 H),
1.76 — 1.96 (m, 2 H), 3.08 — 3.23 (m, 1 H), 3.38 (m, 2 H), 4.02 (d, /= 11.6 Hz, 2 H), 8.43 (br s,
3 H).

(8)-1-(Tetrahydro-2H-pyran-4-yl)ethanamine hydrochloride, 2.59-S:
To a solution of (R)-2-methyl-N-((S)-1-(tetrahydro-2H-pyran-4-yl)ethyl)propane-2-sulfinamide
2.58-S (1.47 g, 6.30 mmol) in MeOH (15 ml) was added 4 M hydrochloric acid in 1,4-dioxane

(15.75 ml, 63.0 mmol) and the reaction mixture stirred at room temperature for 1 hour. The
reaction mixture was evaporated under reduced pressure and triturated in ether to give (S)-1-
(tetrahydro-2H-pyran-4-yl)ethanamine hydrochloride 2.59-S (984 mg, 5.94 mmol, 94% yield)
as an off-white solid.

LCMS (formic acid): rt = 0.22 min, MH" = 130, no UV chromophore

'H NMR (CDCl5): 6 1.40 (d, J = 6.8 Hz, 3 H) 1.41 — 1.53 (m, 2 H) 1.67 (d, J = 12.6 Hz, 1 H)
1.77 - 1.95 (m, 2 H) 3.07 — 3.24 (m, 1 H) 3.30 — 3.46 (m, 2 H) 4.02 (d, /= 11.6 Hz, 2 H) 8.43
(brs, 3 H)

7-(3.,5-Dimethylisoxazol-4-y1)-6-methoxy-3-nitro-N-((R)-1-(tetrahydro-2H-yran-4-

yl)ethyl)quinoline-4-amine, 2.60-R:

4-(4-Chloro-6-methoxy-3-nitroquinolin-7-yl)-3,5-dimethylisoxazole 2.33 (1.5 g, 4.49 mmol)
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was dissolved in N-methyl-2-pyrrolidone (5 ml), (R)-1-(tetrahydro-2H-pyran-4-yl)ethanamine
2.59-R (855 mg, 6.62 mmol) and DIPEA (2.355 ml, 13.48 mmol) added, and the reaction
mixture heated at 100 °C for 3 hours. The sample was loaded directly, and purified by, SPE
(SCX, 70 g), washed with 50% MeOH in DCM and eluted using (2 M ammonia in MeOH). The
MeOH/DCM fractions were combined and evaporated under reduced pressure to give a brown
liquid (~ 6 ml) which contained NMP. The liquid was purified, without further dilution, by
MDAP (high pH). The solvent was blown down a stream of nitrogen to give the required
product 7-(3,5-dimethylisoxazol-4-y1)-6-methoxy-3-nitro-N-((R)- 1 -(tetrahydro-2 H-pyran-4-
yl)ethyl)quinoline-4-amine 2.60-R (1.17 g, 2.74 mmol, 61% yield) as a yellow solid.

LCMS (formic acid): rt = 0.97 min, MH" = 427

"H NMR (de-DMSO): § 1.11 — 1.33 (m, 2 H), 1.45 (d, J = 6.3 Hz, 3 H), 1.57 (d, J= 11.4 Hz, 2
H), 1.80 — 1.93 (m, 1 H), 2.15 (s, 3 H), 2.34 (s, 3 H), 3.21 — 3.28 (m, 2 H), 3.79 — 3.96 (m, 3 H),
3.98 (s,3 H),7.74 (s, 1 H), 7.81 (s, 1 H), 8.42 — 8.54 (m, 1 H), 8.98 (s, 1 H).

Chiral HPLC (25 cm Chiralpak IA, column no. IAOOCE-MC024, 60% EtOH in heptane, 1
ml/min flow rate, UV detection at 215 nm): 12.34 min, 99.9% by UV; 6.23 min, 0.1% by UV,
consistent with 2.60-S.

7-(3.,5-Dimethylisoxazol-4-y1)-6-methoxy-3-nitro-N-((S)-1-(tetrahydro-2 H-pyran-4-

ylethyl)quinolin-4-amine, 2.60-S:
4-(4-Chloro-6-methoxy-3-nitroquinolin-7-yl)-3,5-dimethylisoxazole 2.33 (1.5 g, 4.49 mmol)

was dissolved in N-methyl-2-pyrrolidone (10 ml), (S)-1-(tetrahydro-2H-pyran-4-yl)ethanamine
2.59-S (980 mg, 7.59 mmol) and DIPEA (2.59 ml, 14.83 mmol) added, and the reaction
mixture heated at 100 °C for 4 hours. The sample was loaded directly, and purified by, SPE
(SCX, 70 g), washed with 50% MeOH in DCM and eluted using 2 M ammonia in MeOH. The
appropriate basic fractions were combined and evaporated under reduced pressure to give a
brown gum. The gum was loaded in DCM and purified by SPE (silica, 100 g) using 0 — 10% (2
M ammonia in MeOH) in DCM. The appropriate fractions were combined and dried under a
stream of nitrogen to give a first batch of the required product 7-(3,5-dimethylisoxazol-4-yl)-6-
methoxy-3-nitro-N-((S)-1-(tetrahydro-2 H-pyran-4-yl)ethyl)quinolin-4-amine 2.60-S (486 mg,
1.140 mmol, 25% yield) as a brown gum. The 50 % MeOH in DCM fractions from the SCX
column were combined and evaporated under reduced pressure to give a brown liquid (~ 10 ml)
which contained N-methyl-2-pyrrolidone. The liquid was purified, without further dilution, by
MDAP (high pH). The solvent was evaporated under reduced pressure to give a second batch of
the required product 7-(3,5-dimethylisoxazol-4-yl)-6-methoxy-3-nitro-N-((S)-1-(tetrahydro-2 H-
pyran-4-yl)ethyl)quinolin-4-amine 2.60-S (1.18 g, 2.77 mmol, 62 % yield) as a yellow solid.
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The total yield of the reaction was 87%.

Batch 1:

LCMS (formic acid): rt = 0.97 min, MH" = 427

'H NMR (dg-DMSO): 6 1.25 — 1.37 (m, 2 H), 1.41 (d, J = 6.3 Hz, 3 H), 1.56 — 1.68 (m, 2 H),
1.84 — 1.95 (m, expected as 1 H, impurity partially obscured peak), 2.11 —2.18 (m, expected as
s, 3 H, impurity partially obscured peak), 2.32 (s, 3 H), 2.69 (s, 3 H), 2.82 (s, 3 H), 3.25 — 3.32
(m, 2 H), 3.79 - 3.96 (m, 2 H), 3.96 (s, 3 H), 7.71 (s, 1 H), 7.75 (s, 1 H), 8.32 — 8.39 (m, 1 H),
8.99 (s, 1 H). Sample approximately 80% pure by NMR.

Chiral HPLC (25 cm Chiralpak IA, column no. TAOOCE-MC024, 60% EtOH in heptane, 1
ml/min flow rate, UV detection at 215 nm): 6.21 min, 100% by UV, no evidence of 2.60-R at
12.34 min.

Batch 2:

LCMS (formic acid): rt = 0.97 min, MH" =427

"H NMR (de-DMSO): § 1.12 — 1.32 (m, 2 H), 1.45 (d, J = 6.6 Hz, 3 H), 1.57 (d, J= 11.6 Hz, 2
H), 1.82 - 1.93 (m, 1 H), 2.15 (s, 3 H), 2.34 (s, 3 H), 3.21 — 3.29 (m, 2 H), 3.80 — 3.90 (m, 3 H),
3.98 (s,3 H), 7.74 (s, 1 H), 7.81 (s, 1 H), 8.48 (d, /=9.1 Hz, 1 H), 8.98 (s, 1 H). Sample > 95%
pure by NMR.

4-(8-Methoxy-2-(tetrahydro-2 H-pyran-4-y1)-1-((R)-1-(tetrahydro-2 H-pyran-4-yl)ethyl)-1 H-

imidazo[4.5-c]quinoline-7-y1)-3,5-dimethylisoxazole, 2.61-R:

To a suspension of 7-(3,5-dimethylisoxazol-4-yl)-6-methoxy-3-nitro-N-((R)-1-(tetrahydro-2H-
pyran-4-yl)ethyl)quinoline-4-amine 2.60-R (106 mg, 0.249 mmol) and sodium hydrosulfite
(130 mg, 0.746 mmol) in EtOH (1 ml) and water (0.4 ml) was added tetrahydro-2H-pyran-4-
carbaldehyde (142 mg, 1.243 mmol), and the reaction mixture heated under microwave
conditions to 100 °C for 3 hours. The reaction mixture was blown down under a stream of
nitrogen and the residue dissolved in DMSO (4 x 1 ml) and purified by MDAP (high pH). The
solvent was blown down under a stream of nitrogen to give 4-(8-methoxy-2-(tetrahydro-2H-
pyran-4-yl)-1-((R)-1-(tetrahydro-2 H-pyran-4-yl)ethyl)- 1 H-imidazo[4,5-c]quinoline-7-y1)-3,5-
dimethylisoxazole 2.61-R (2.4 mg, 4.89 umol, 2% yield).

LCMS (formic acid): rt = 0.78 min, MH" = 491

'H NMR (ds-DMSO): § 0.78 —0.92 (m, 1 H), 1.15 - 1.36 (m, 1 H), 1.54 — 1.69 (m, 1 H), 1.78 —
1.93 (m, 6 H), 1.98 —2.08 (m, 2 H), 2.14 (s, 3 H) 2.33 (s, 3 H), 3.01 — 3.18 (m, 1 H), 3.36 — 3.49
(m, 2 H),3.58 —3.70 (m, 4 H), 3.94 - 4.10 (m, 7 H), 7.72 (brs, 1 H) 7.97 (s, . H) 9.02 (s, 1 H).
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4-(8-Methoxy-2-(tetrahydro-2 H-pyran-4-y1)-1-((S)-1-(tetrahydro-2 H-pyran-4-yl)ethyl)-1 H-

imidazo[4.5-c]quinolin-7-y1)-3.5-dimethylisoxazole, 2.61-S:

To a suspension of 7-(3,5-dimethylisoxazol-4-yl)-6-methoxy-3-nitro-N-((S)-1-(tetrahydro-2H-
pyran-4-yl)ethyl)quinolin-4-amine 2.60-S (75 mg, 0.176 mmol) and sodium hydrosulfite (92
mg, 0.528 mmol) in EtOH (1 ml) and water (0.4 ml) was added tetrahydro-2H-pyran-4-
carbaldehyde (100 mg, 0.879 mmol) and the reaction mixture heated under microwave
conditions at 100 °C for 4 hours. The reaction mixture was blown down under a stream of
nitrogen and the residue dissolved in DMSO (2 x 1 ml) and purified by MDAP (high pH). The
solvent was blown down under a stream of nitrogen to give crude material (14 mg). LCMS
(formic acid) indicated 96 % product by UV at 0.76 min, MH" 491. However, analysis indicated

major impurities. The reaction was therefore abandoned.

7-(3.5-Dimethylisoxazol-4-y1)-6-methoxy-3-nitro-N-(pyridine-2-ylmethyl)quinoline-4-amine,
2.62:

To a suspension of 4-(4-chloro-6-methoxy-3-nitroquinolin-7-yl)-3,5-dimethylisoxazole 2.33 (3
g, 8.99 mmol) in 1,4-dioxane (20 ml) was added pyridine-2-ylmethanamine (1.402 ml, 13.48
mmol), and the reaction mixture stirred at room temperature for 5 hours. Further pyridine-2-
ylmethanamine (0.7 ml, 6.74 mmol) was added and the reaction mixture stirred at room
temperature overnight. The solvent was removed under reduced pressure and the residue loaded
in MeOH/DCM (and the column dried in a vacuum oven) and purified by SPE (silica, 2 x 100
g) using a gradient of 50 — 100% EtOAc in cyclohexane. The appropriate fractions were
combined and evaporated under reduced pressure to give the required product 7-(3,5-
dimethylisoxazol-4-yl)-6-methoxy-3-nitro-N-(pyridine-2-ylmethyl)quinoline-4-amine 2.62
(2.67 g, 6.59 mmol, 73% yield) as a yellow solid.

LCMS (formic acid): rt = 0.87 min, MH" = 406

'H NMR (d¢-DMSO, 393 K): 6 2.14 (s, 3 H), 2.34 (s, 3 H), 3.90 (s, 3 H), 5.17 (d, J= 4.8 Hz, 2
H), 7.29 - 7.39 (m, 1 H), 7.51 (d, J=7.8 Hz, 1 H), 7.77 (s, 1H), 7.80 — 7.84 (m, 1 H), 7.96 (s, 1
H), 8.60 (d, J=4.5 Hz, 1 H), 9.02 (s, 1 H), 9.47 —9.66 (br s, 1 H).

7-(3,5-Dimethylisoxazol-4-y1)-6-methoxy-3-nitro-N-((R)-1-(pyridine-2-yl)ethyl)quinoline-4-

amine, 2.63:

Method as for 2.62, using the following reagents: 4-(4-chloro-6-methoxy-3-nitroquinolin-7-yl)-
3,5-dimethylisoxazole 2.33 (1 g, 3.00 mmol), (R)-1-(pyridine-2-yl)ethanamine (0.549 g, 4.49
mmol) and 1,4-dioxane (6.5 ml). After 5 hours, further (R)-1-(pyridine-2-yl)ethanamine (0.255
g, 2.25 mmol) was added. The final product was: 7-(3,5-dimethylisoxazol-4-yl)-6-methoxy-3-
nitro-N-((R)-1-(pyridine-2-yl)ethyl)quinoline-4-amine 2.63 (1.15 g, 2.74 mmol, 92% yield) as
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an orange solid.

LCMS (formic acid): rt = 0.98 min, MH" = 420

'H NMR (dg-DMSO, 393 K): 6 1.74 (d, J = 6.6 Hz, 3 H), 2.13 (s, 3H), 2.32 (s, 3H), 3.86 (s, 3
H), 5.51 — 5.58 (m, 1 H), 7.29 — 7.33 (m, 1 H), 7.56 (d, /= 7.8 Hz, 1 H), 7.77 (s, 1H), 7.78 (s,
1H), 7.79 — 7.82 (m, 1H), 8.58 (d, J=4.8 Hz, 1 H), 9.05 (s, 1 H) 9.24 (d, J=7.6 Hz, 1 H).

7-(3,5-Dimethylisoxazol-4-y1)-6-methoxy-N4-(pyridine-2-ylmethyl)quinoline-3.4-diamine,
2.64:

To a suspension of 7-(3,5-dimethylisoxazol-4-yl)-6-methoxy-3-nitro-N-(pyridine-2-
ylmethyl)quinoline-4-amine 2.62 (2.67 g, 6.59 mmol) in EtOH (50 ml) was added tin (II)
chloride (4.37 g, 23.05 mmol) and the reaction mixture stirred at 40 °C for 2.5 hours. The
reaction mixture was basified to pH 12 using 2 M aqueous sodium hydroxide solution. Water
(100 ml) was added and the aqueous suspension extracted with DCM (3 x 100 ml). The organic
layers were combined, dried using a hydrophobic frit and blown down a stream of nitrogen. The
sample was loaded in DCM and purified by SPE (silica, 100 g) using a gradient of 0 — 10% (2
M ammonia in MeOH) in DCM. The appropriate fractions were combined and blown down a
stream of nitrogen to give the required product 7-(3,5-dimethylisoxazol-4-yl)-6-methoxy-N4-
(pyridine-2-ylmethyl)quinoline-3,4-diamine 2.64 (879 mg, 2.341 mmol, 36% yield) as a dark
brown gum.

LCMS (formic acid): rt = 0.63 min, MH" = 376

"H NMR (de-DMSO, 393 K): 6 2.10 (s, 3 H), 2.29 (s, 3 H), 3.82 (s, 3 H), 4.52 (d, J= 3.8 Hz, 2
H), 4.82 —5.01 (brs,2 H) 5.12-5.25 (brs, 1 H), 7.24 —7.27 (m, 1 H), 7.47 (s, 1 H), 7.49 (d, J
=7.8Hz, 1 H), 7.55 (s, 1 H), 7.72 - 7.76 (m, 1 H), 8.33 (s, 1 H), 8.57 (d,J=4.3 Hz, 1 H).

7-(3.5-Dimethylisoxazol-4-y1)-6-methoxy-N4-((R)-1-(pyridine-2-yl)ethyl)quinoline-3.4-

diamine, 2.65:

Method as for 2.64, using the following reagents: 7-(3,5-dimethylisoxazol-4-yl)-6-methoxy-3-
nitro-N-((R)-1-(pyridine-2-yl)ethyl)quinoline-4-amine 2.63 (1.05 g, 2.503 mmol), tin (II)
chloride (1.661 g, 8.76 mmol) and EtOH (20 ml). The final product was: 7-(3,5-
dimethylisoxazol-4-yl)-6-methoxy-N4-((R)-1-(pyridine-2-yl)ethyl)quinoline-3,4-diamine ~ 2.65
(543 mg, 1.394 mmol, 56% yield) as a dark brown gum.

LCMS (formic acid): rt = 0.70 min, MH" = 390

'H NMR (de-DMSO, 393 K): 6 1.58 (d, J = 6.8 Hz, 3 H), 2.09 (s, 3 H), 2.28 (s, 3 H), 3.83 (s, 3
H), 4.66 — 4.80 (m, 1 H), 4.80 —4.97 (m, 2 H), 7.18 = 7.27 (m, 1 H), 7.38 (s, 1 H), 7.45 (d, J =
7.8 Hz, 1 H), 7.53 (s, 1 H), 7.67 —7.73 (m, 1 H), 8.33 (s, 1 H), 8.56 (d, /J=4.8 Hz, 1 H).
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7-(3.5-Dimethylisoxazol-4-y1)-8-methoxy-N-(2-methoxyethy])-1-((R)-1-(pyridine-2-yl)ethyl)-

1 H-imidazo[4,5-c]quinoline-2-amine, 2.66:

To a solution of  7-(3,5-dimethylisoxazol-4-yl)-6-methoxy-N4-((R)-1-(pyridine-2-
yl)ethyl)quinoline-3,4-diamine 2.65 (538 mg, 1.381 mmol) in EtOH (40 ml) was added 1-
isothiocyanato-2-methoxyethane (0.300 ml, 2.76 mmol) and the reaction mixture heated at 60
°C for 5.5 hours. Further 1-isothiocyanato-2-methoxyethane (0.150 ml, 1.38 mmol) was added
and the reaction mixture heated at 60 °C overnight. The solvent was removed under reduced
pressure, and the residue dissolved in THF (40 ml), EDC (530 mg, 2.76 mmol) added, and the
mixture heated at 60 °C for 4 hours. The solvent was removed under reduced pressure and the
sample was loaded in MeOH/DCM (and the column dried in a vacuum oven) and purified by
SPE (silica, 100 g) using a gradient of 0 — 10% (2 M ammonia in MeOH) in DCM. The
appropriate fractions were combined and evaporated under reduced pressure to give crude
product (~600 mg). The crude product was dissolved in DMSO (5 x 1 ml) and purified by
MDAP (high pH). For three of the five injections the machine leaked and the product was lost.
The samples from the successful injections were blown down under a stream of nitrogen to give
the required product 7-(3,5-dimethylisoxazol-4-yl)-8-methoxy-N-(2-methoxyethyl)-1-((R)-1-
(pyridine-2-yl)ethyl)-1H-imidazo[4,5-c]quinoline-2-amine 2.66 (122 mg, 0.258 mmol, 19%
yield) as a white solid.

LCMS (formic acid): rt = 0.73 min, MH" = 473

'H NMR (ds-DMSO, 393 K): 6 2.06 — 2.11 (m, 6 H), 2.27 (s, 3 H), 3.35 (s, 3 H), 3.59 (s, 3 H),
3.62 -3.73 (m, 4 H), 6.32 (q,J=7.1 Hz, 1 H), 6.77 — 6.85 (br m, 1 H), 6.96 (s, 1 H), 7.30 (d, J
=7.8 Hz, 1 H), 7.33 - 7.39 (m, 1 H), 7.75 — 7.81 (m, 2 H), 8.68 (d, /=4.0 Hz, 1 H), 8.82 (s, 1
H).

PC NMR (dg-DMSO, 303 K): ¢ 10.3, 11.3, 17.7, 42.8, 55.3, 58.1 (br, 2 C), 70.5, 112.3, 113.9,
116.7, 118.3, 121.1, 121.2, 122.9, 132.7, 137.8, 138.5, 139.9, 149.5, 149.6, 154.0, 155.7, 158.9,
159.1, 165.8.

IR (neat): 3239 (imine NH), 1591 (aryl), 1556 (aryl), 1219 (aryl ether), 772 (aryl C-H) cm™
M.pt.: 109-111 °C

HRMS: (C,6H,0N¢O3) MH" requires 473.2296, found MH" 473.2284

[op] 21 (¢ 1.0, MeOH): +118.7°

4-(8-Methoxy-1-((R)-1-methoxypropan-2-yl)-2-(tetrahydro-2 H-pyran-4-yl)-1 H-imidazo[4.5-

c]quinoline-7-yl)-3.5-dimethylisoxazole, 2.67:

The racemic  4-(1-(1-methoxypropan-2-yl)-2-(tetrahydro-2H-pyran-4-yl)-1H-imidazo[4,5-
c]quinoline-7-yl)-3,5-dimethylisoxazole 2.02 (85 mg, 0.189 mmol) was separated by chiral
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HPLC. The HPLC analysis was carried out on a Chiralpak AD-H column “ADH10029-01 (250
x 30 mm, i.d. 5 pm packing diameter). The purification was run using 15% EtOH in heptane
over 35 min, with a flow rate of 45 ml/min. The UV detection was at a wavelength of 300 nm.
The second eluting enantiomer was collected, between 28 min and 31 min. Combined fraction
solutions were evaporated to dryness under reduced pressure, the residue transferred to a vial
using EtOH, and the solvent was dried under a stream of nitrogen to leave 4-(8-methoxy-1-((R)-
1-methoxypropan-2-yl)-2-(tetrahydro-2 H-pyran-4-yl)-1 H-imidazo[4,5-c]quinoline-7-y1)-3,5-
dimethylisoxazole 2.67 (39 mg, 0.087 mmol, 46% yield).

LCMS (formic acid): rt = 0.73 min, MH" = 451

'H NMR (dg-DMSO, 393 K): 6 1.80 (d, /= 7.3 Hz, 3 H), 1.83 — 1.98 (m, 2 H), 2.00 — 2.10 (m, 2
H), 2.13 (s, 3 H), 2.32 (s, 3 H), 3.26 (s, 3 H), 3.39 — 3.49 (m, 1 H), 3.54 — 3.62 (m, 2 H), 3.95 —
4.05 (m, 6 H), 4.08 —4.12 (m, 1 H) 5.35-5.47 (m, 1 H), 7.72 (s, 1 H), 7.95 (s, 1 H), 9.00 (s, 1
H).

Chiral HPLC (conditions as for preparative HPLC, except column diameter of 4.6 mm): 97%
ee.

Additional analytical information was generated on subsequent batches of material after the
separation was performed using identical methodology on a larger scale:

C NMR (d-DMSO, 303 K): 6 10.3, 11.3, 17.6, 31.3, 31.7, 33.2, 51.3, 55.6, 58.5, 66.6, 74.0,
101.2, 102.6, 112.1, 117.4, 119.4, 132.1, 133.1, 137.5, 139.5, 142.7, 154.7, 159.1, 166.0.

IR: 2963 (saturated CH,), 2940 (saturated CH,), 2852 (ether COCH3;), 1618 (aryl), 1583 (aryl),
1221 (aryl ether), 839 (aryl C-H) cm”

M.pt.: 190-192 °C

HRMS: (CysH31N4O4) MH" requires 451.2340, found MH" 451.2331

[ap] 2! ¢ (¢ 1.0, MeOH): +2.9°

4-(8-Methoxy-1-((S)-1-methoxypropan-2-y1)-2-(tetrahydro-2 H-pyran-4-y1)-1 H-imidazo[4,5-

c]quinoline-7-yl)-3.5-dimethylisoxazole, 2.68:

The racemic  4-(1-(1-methoxypropan-2-yl)-2-(tetrahydro-2H-pyran-4-yl)-1H-imidazo[4,5-
c]quinolin-7-yl)-3,5-dimethylisoxazole 2.02 (85 mg, 0.189 mmol) was purified by chiral
HPLC. The HPLC analysis was carried out on a Chiralpak AD-H column “ADH10029-01" (250
x 30 mm, i.d. 5 um packing diameter). The purification was run using 15% EtOH in heptane
over 35 min, with a flow rate of 45 ml/min. The UV detection was at a wavelength of 300 nm.
The first eluting enantiomer was collected, between 24 min and 26.5 min. Combined fraction
solutions were evaporated to dryness under reduced pressure, the residue transferred to a vial

using EtOH, and the solvent was dried under a stream of nitrogen to leave 4-(8-methoxy-1-((S)-
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I-methoxypropan-2-yl)-2-(tetrahydro-2 H-pyran-4-yl)-1 H-imidazo[4,5-c]quinolin-7-yl)-3,5-
dimethylisoxazole 2.68 (38 mg, 0.084 mmol, 44% yield).

LCMS (formic acid): rt = 0.73 min, MH" = 451

'"H NMR (ds-DMSO, 393 K): 6 1.80 (d, J= 7.3 Hz, 3 H), 1.82 — 1.98 (m, 2 H), 2.00 — 2.10 (m, 1
H), 2.13 (s, 3 H), 2.32 (s, 3 H), 3.26 (s, 3 H), 3.54 — 3.63 (m, 2 H), 3.96 — 4.05 (m, 7 H), 5.34 —
5.49 (brm, 1 H), 7.72 (s, 1 H), 7.95 (s, 1 H), 9.00 (s, 1 H).

Chiral HPLC (conditions as for preparative HPLC, except column diameter of 4.6 mm): > 99%

ccC.

N-(7-(3.5-Dimethylisoxazol-4-y1)-6-methoxy-4-((1-methoxypropan-2-yl)amino)quinoline-3-

yDtetrahydro-2H-pyran-4-carboxamide, 2.69:

A solution of 7-(3,5-dimethylisoxazol-4-yl)-6-methoxy-N4-(1-methoxypropan-2-yl)quinoline-
3,4-diamine 2.48 (9.1 g, 25.5 mmol) in DCM (300 ml) was treated with pyridine (30 ml) and
tetrahydro-2 H-pyran-4-carbonyl chloride (5.0 ml, 41.1 mmol). The solution was stirred under
nitrogen at room temperature for 3.5 hours, and then left standing overnight. The reaction
mixture was concentrated under reduced pressure, and the residue partitioned between DCM
and water. The organic phase was washed with water (x 2) and the combined aqueous layers
extracted with DCM. The combined organic layers were washed with brine, dried using a
hydrophobic frit, and evaporated under reduced pressure. The combined aqueous layers,
including the brine wash, were basified with solid sodium bicarbonate and the aqueous layer
twice extracted with DCM. The organic fractions were dried using a hydrophobic frit,
combined with the previously extracted material, and evaporated to dryness under reduced
pressure to give a brown foam. This foam was further dried in vacuo to give 13.5 g of material.
The material was triturated with diethyl ether, the suspension chilled (ice/water bath), and the
solid isolated by filtration. The solid was washed with a little diethyl ether and air-dried to give
N-(7-(3,5-dimethylisoxazol-4-yl)-6-methoxy-4-((1-methoxypropan-2-yl)amino)quinoline-3-
yl)tetrahydro-2 H-pyran-4-carboxamide 2.69 as a beige solid (11.95 g, 25.5 mmol, 100% yield).
LCMS (formic acid): rt = 0.68 min, MH" = 469

'H NMR (d¢-DMSO, 393 K): § 1.19 (d, J = 6.6 Hz, 3 H), 1.65 — 1.86 (m, 4 H), 2.13 (s, 3 H),
2.32 (s, 3 H), 2.65 — 2.75 (m, 1H), 3.25 — 3.46 (broad water peak, other peaks below), 3.88 —
4.02 (m, 6 H), 5.33 (d,/J=9.9 Hz, 1 H), 7.64 (s, 1 H), 7.70 (s, 1 H), 8.38 (s, 1 H), 9.50 (s, 1 H).

4-(8-Methoxy-1-((R)-1-methoxypropan-2-yl)-2-(tetrahydro-2 H-pyran-4-yl)-1 H-imidazo[4.5-

c]quinolin-7-y1)-3,5-dimethylisoxazole, methanesulfonic acid salt, 2.70:

4-(8-Methoxy-1-((R)-1-methoxypropan-2-yl)-2-(tetrahydro-2 H-pyran-4-yl)-1 H-imidazo[4,5-

c]quinolin-7-yl)-3,5-dimethylisoxazole 2.67 (1.016 g, 2.255 mmol) was dissolved in the
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minimum amount of hot MeOH, and methanesulfonic acid, 70% weight in water, (0.209 ml,
2.255 mmol) added. The solution was blown down under a stream of nitrogen to leave a white
gum. The gum was triturated in diethyl ether and then dried in a vacuum oven to give 4-(8-
methoxy-1-((R)-1-methoxypropan-2-yl)-2-(tetrahydro-2 H-pyran-4-yl)-1 H-imidazo[4,5-
c]quinolin-7-yl)-3,5-dimethylisoxazole, methanesulfonic acid salt 2.70 (1.18 g, 2.159 mmol, 96
% yield).

LCMS (formic acid): rt = 0.73 min, MH" = 451

'H NMR (d¢-DMSO, 393 K): 0 1.83 (d, J= 7.3 Hz, 3 H), 1.86 — 2.01 (m, 2 H), 2.03 —2.13 (m,
2 H), 2.16 (s, 3 H), 2.35 (s, 3 H), 2.40 (s, 3 H), 3.26 (s, 3 H), 3.50 — 3.65 (m, 3 H), 3.98 — 4.08
(m, 6 H),4.11 —4.16 (m, 1 H), 5.48 — 5.63 (m, 1 H), 7.87 (s, 1 H), 8.12 (s, 1 H), 9.36 (s, 1 H).
3C NMR: unable to obtain sample of sufficient strength to analyse.

IR (neat): 2849 (ether COCHs;), 1610 (aryl), 1389 (0OSO,), 1223 (aryl ether), 1163 (OSO,) 841
(aryl C-H) cm™

M.pt.: 256-259 °C

HRMS: (C»sH3N4O4) MH" requires 451.2340, found MH" 451.2338

[ap] 21 7€ (¢ 1.0, MeOH): +22.4 °

4-(8-Methoxy-1-((R)-1-methoxypropan-2-yl)-2-(tetrahydro-2 H-pyran-4-yl)-1 H-imidazo[4.5-

c]quinolin-7-y1)-3,5-dimethylisoxazole, maleic acid salt, 2.71:

4-(8-Methoxy-1-((R)-1-methoxypropan-2-yl)-2-(tetrahydro-2 H-pyran-4-yl)-1 H-imidazo[4,5-

c]quinolin-7-yl)-3,5-dimethylisoxazole 2.67 (932 mg, 2.069 mmol) was dissolved in the
minimum amount of hot MeOH, maleic acid (240 mg, 2.069 mmol) added, and the solution
allowed to cool to room temperature. Cyclohexane (20 ml) was added to the solution, followed
by cooling in an ice-water bath. A white gum was produced, which re-dissolved when the
ice/water bath was removed. The solution was blown down under a stream of nitrogen to give
an off-white gum. This was triturated in diethyl ether, whereupon a white suspension formed.
The suspension was allowed to settle and the clear solution portion decanted. Twice more,
further diethyl ether was added, the suspension allowed to settle, and the clear solution
decanted. The thick white suspension that remained was dried under a stream of nitrogen, and
then in a vacuum oven, to leave 4-(8-methoxy-1-((R)-1-methoxypropan-2-yl)-2-(tetrahydro-2H-
pyran-4-yl)-1H-imidazo[4,5-c]quinolin-7-yl)-3,5-dimethylisoxazole, maleic acid salt 2.71
(1.120 g, 1.977 mmol, 96 % yield).

LCMS (formic acid): rt = 0.73 min, MH" = 451
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'"H NMR (ds-DMSO, 393 K): 5 1.80 (d, /= 7.1 Hz, 3 H), 1.85 — 1.96 (m, 2 H), 1.99 — 2.09 (m, 2
H), 2.14 (s, 3 H), 2.33 (s, 3 H), 3.25 (s, 3 H), 3.38 — 3.49 (m, 1 H), 3.55 — 3.63 (m, 2 H), 3.94 —
4.05 (m, 6 H), 4.10 (dd, J = 10.6, 8.3 Hz, 1 H), 5.39 — 5.48 (m, 1 H), 6.17 (s, 2 H), 7.74 (s, 1 H),
7.98 (s, 1 H), 9.08 (s, 1 H).

4-(8-Methoxy-1-((R)-1-methoxypropan-2-y1)-2-(tetrahydro-2 H-pyran-4-yl)-1 H-imidazo[4,5-

c]quinolin-7-y1)-3.5-dimethylisoxazole, 4-methylbenzenesulfonic acid salt, 2.72:

4-(8-Methoxy-1-((R)-1-methoxypropan-2-yl)-2-(tetrahydro-2 H-pyran-4-yl)-1 H-imidazo[4,5-

c]quinolin-7-yl)-3,5-dimethylisoxazole 2.67 (1.018 g, 2.260 mmol) was dissolved in the
minimum amount of hot MeOH, and p-toluenesulfonic acid monohydrate (0.430 g, 2.260
mmol) added. The solution was blown down under a stream of nitrogen to leave a white gum
which contained some solid particles. The gum was triturated in diethyl ether and then dried in a
vacuum oven to give 4-(8-methoxy-1-((R)-1-methoxypropan-2-yl)-2-(tetrahydro-2H-pyran-4-
yl)-1H-imidazo[4,5-c]quinolin-7-yl)-3,5-dimethylisoxazole, 4-methylbenzenesulfonic acid salt
2.72 (1.29 g, 2.072 mmol, 92 % yield).

LCMS (formic acid): rt = 0.74 min, MH" = 451

'H NMR (dg-DMSO, 393 K): 6 1.83 (d, J=7.1 Hz, 3 H), 1.87 — 2.00 (m, 2 H), 2.01 —2.11 (m, 2
H), 2.16 (s, 3 H), 2.28 (s, 3 H), 2.35 (s, 3 H), 3.26 (s, 3 H), 3.48 — 3.67 (m, 3 H), 3.97 — 4.07 (m,
6 H), 4.13 (dd, J=10.6, 8.6 Hz, 1 H), 5.51 — 5.59 (m, 1 H), 7.06 (d, /= 7.8 Hz, 2 H), 7.52 (d, J
=8.1 Hz, 2 H), 7.87 (s, 1 H), 8.10 (s, 1 H), 9.36 (s, 1 H).

4-(8-Methoxy-1-((R)-1-methoxypropan-2-yl)-2-(tetrahydro-2 H-pyran-4-yl)-1 H-imidazo[4.5-

c]quinolin-7-y1)-3.5-dimethylisoxazole, citric acid salt, 2.73:

4-(8-Methoxy-1-((R)-1-methoxypropan-2-yl)-2-(tetrahydro-2 H-pyran-4-yl)-1 H-imidazo[4,5-
c]quinolin-7-yl)-3,5-dimethylisoxazole 2.67 (924 mg, 2.051 mmol) was dissolved in the
minimum amount of hot MeOH, and 2-hydroxypropane-1,2,3-tricarboxylic acid monohydrate
(431 mg, 2.051 mmol) added. The solution was blown down under a stream of nitrogen to leave
a colourless gum. The gum was triturated in diethyl ether and then dried in a vacuum oven to
give 4-(8-methoxy-1-((R)-1-methoxypropan-2-yl)-2-(tetrahydro-2 H-pyran-4-yl)-1 H-
imidazo[4,5-c]quinolin-7-yl)-3,5-dimethylisoxazole, citric acid salt 2.73 (1.39 g, 2.163 mmol,
95 % yield, yield corrected for diethyl ether in NMR).

LCMS (formic acid): rt = 0.73 min, MH" = 451

"H NMR (ds-DMSO, 393 K): 6 1.80 (d, J= 7.3 Hz, 3 H), 1.84 — 1.96 (m, 2 H), 1.99 — 2.09 (m, 2
H), 2.14 (s, 3 H), 2.32 (s, 3 H), 2.69 (d, /= 15.4 Hz, 2 H), 2.77 (d, /= 15.4 Hz, 2 H), 3.25 (s, 3
H), 3.42 —3.48 (m, 1 H), 3.54 —3.62 (m, 2 H), 3.97 — 4.04 (m, 6 H), 4.11 (dd, /= 10.6, 8.3 Hz,
1 H), 5.37-5.46 (m, 1 H), 7.72 (s, 1 H), 7.96 (s, 1 H), 9.02 (s, 1 H).
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4-(8-Methoxy-1-((R)-1-methoxypropan-2-yl)-2-(tetrahydro-2 H-pyran-4-yl)-1 H-imidazo[4.5-

c]quinolin-7-y1)-3.5-dimethylisoxazole, sulfuric acid salt, 2.74:

4-(8-Methoxy-1-((R)-1-methoxypropan-2-yl)-2-(tetrahydro-2 H-pyran-4-yl)-1 H-imidazo[4,5-

c]quinolin-7-yl)-3,5-dimethylisoxazole 2.67 (1.004 g, 2.228 mmol) was dissolved in the
minimum amount of hot MeOH, and fuming sulfuric acid (0.119 ml, 2.228 mmol) added. The
solution was blown down under a stream of nitrogen to leave a white gum which contained
some solid particles. The gum was triturated in diethyl ether and then dried in a vacuum oven to
give 4-(8-methoxy-1-((R)-1-methoxypropan-2-yl)-2-(tetrahydro-2 H-pyran-4-yl)-1 H-
imidazo[4,5-c]quinolin-7-yl)-3,5-dimethylisoxazole, sulfuric acid salt 2.74 (1.20 g, 2.187
mmol, 98 % yield).

LCMS (formic acid): rt = 0.74 min, MH" = 451

'H NMR (ds-DMSO, 393 K): 6 1.84 (d, J = 7.3 Hz, 3 H), 1.87 — 2.01 (m, 2 H), 2.01 —2.11 (m, 2
H), 2.16 (s, 3 H), 2.36 (s, 3 H), 3.27 (s, 3 H), 3.50 — 3.67 (m, 3 H), 3.97 — 4.09 (m, 6 H), 4.12 —
4.16 (m, 1 H) 5.46 — 5.66 (m, 1 H), 7.90 (s, 1 H), 8.14 (s, 1 H), 9.41 (s, 1 H).
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Chapter 3

(5)-Cyclopentyl 4-methyl-2-(((2-(5-methyl-6-0x0-1.6-dihydropyridin-3-y1)-1-(1-

methylpiperidin-4-y1)-1H-benzo[d]imidazol-5-yl)methyl)amino)pentanoate, 3.19:
To a mixture of 5-methyl-6-oxo0-1,6-dihydropyridine-3-carbaldehyde 3.25 (54.4 mg, 0.396

mmol) and sodium hydrosulfite (207 mg, 1.189 mmol) was added a solution of (S)-cyclopentyl
4-methyl-2-((4-((1-methylpiperidin-4-yl)amino)-3-nitrobenzyl)amino)pentanoate 3.33 (177 mg,
0.396 mmol) in ethanol (1.5 ml), followed by water (0.75 ml). The reaction mixture was heated
under microwave conditions at 100 °C for 5 hours. The reaction mixture was partitioned
between saturated aqueous sodium bicarbonate solution (10 ml) and DCM (3 x 10 ml). The
organic layers were combined, dried using a hydrophobic frit and blown down under a stream of
nitrogen. The sample was dissolved in DMSO and purified by MDAP (high pH). The solvent
was blown down under a stream of nitrogen to give the required product (S)-cyclopentyl 4-
methyl-2-(((2-(5-methyl-6-ox0-1,6-dihydropyridin-3-yl)-1-(1-methylpiperidin-4-yl)-1H-
benzo[d]imidazol-5-yl)methyl)amino)pentanoate 3.19 (72 mg, 0.135 mmol, 34% yield) as an
off-white gum.

LCMS (high pH): rt = 1.08 min, MH" = 534

"H NMR (d¢-DMSO): 6 0.80 (d, J = 6.6 Hz, 3 H) 0.86 (d, J = 6.6 Hz, 3 H) 1.28 — 1.48 (m, 2 H)
1.48 = 1.75 (m, 8 H) 1.75 - 1.93 (m, 4 H) 2.03 — 2.12 (m, 5 H) 2.26 (s, 3 H) 2.43 — 2.55 (m,
partially obscured by solvent peak) 2.95 (d,/=10.8 Hz, 2 H) 3.11 (t,/=7.3 Hz, l H) 3.62 (d, J
=132Hz 1 H)3.82(d,/=13.2Hz, 1 H)4.19-4.25 (m, 1 H) 5.06 - 5.16 (m, 1 H) 7.16 — 7.19
(m, 1 H)7.51 (s, 1 H) 7.56 (s, 2 H) 7.64 (d, /= 8.6 Hz, 1 H)

Additional analytical information was generated on subsequent batches of material after the
separation was performed using identical methodology on a larger scale:

PC NMR (de-DMSO, 303 K): 6 16.9, 22.7, 23.1, 23.7, 24.9, 30.3, 32.7, 32.7, 42.5, 46.2, 51.6,
55.1 (DCM), 58.8, 76.9, 108.8, 112.5, 119.0, 123.0, 129.2, 133.0, 134.3, 134.4, 138.4, 143.8,
151.1,162.7,175.4

IR (neat): 2955 (amine NH), 1727 (ester), 1658 (pyridone), 1439 (NH bending) cm™

M.pt.: 97-98 °C

HRMS: (C3;H44NsO3) MH" requires 534.3439, found MH" 534.3419

[ap] 27 (¢ 1.0, methanol): -8.3 ©

(S)-tert-Butyl 4-methyl-2-(((2-(5-methyl-6-0x0-1.6-dihydropyridin-3-y1)-1-(1-methylpiperidin-

4-y1)-1H-benzo[d]imidazol-5-yl)methyl)amino)pentanoate, 3.20:

Method as for 3.19, using the following reagents: 5-methyl-6-oxo0-1,6-dihydropyridine-3-
carbaldehyde 3.25 (38.2 mg, 0.278 mmol), sodium hydrosulfite (145 mg, 0.835 mmol), (S)-tert-
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butyl 4-methyl-2-((4-((1-methylpiperidin-4-yl)amino)-3-nitrobenzyl)amino)pentanoate ~ 3.34
(121 mg, 0.278 mmol), ethanol (2 ml), and water (1 ml). The final product was: (S)-tert-butyl 4-
methyl-2-(((2-(5-methyl-6-0x0-1,6-dihydropyridin-3-yl)-1-(1-methylpiperidin-4-y1)-1 H-
benzo[d]imidazol-5-yl)methyl)amino)pentanoate 3.20 (36 mg, 0.069 mmol, 25% yield) as a
colourless gum.

LCMS (high pH): rt = 1.07 min, MH" = 522

'H NMR (ds-DMSO): 6 0.80 (d, J = 6.6 Hz, 3 H) 0.86 (d, J = 6.6 Hz, 3 H) 1.29 — 1.46 (m, 11 H)
1.70 - 1.78 (m, 1 H) 1.85 (d, J=11.1 Hz, 2 H) 1.94 — 2.03 (m, 2 H) 2.07 (s, 3 H) 2.22 (s, 3 H)
2.45 —2.52 (m, peak partially obscured by solvent) 2.90 (d, /= 11.1 Hz, 2 H) 3.02 — 3.05 (m, 1
H)3.63(d,/J=13.1Hz, 1 H)3.83(d,J=13.1Hz, 1 H)4.16 —4.24 (m, 1 H) 7.18 (d, /= 8.3 Hz,
1 H)7.51(s, 1 H)7.53 -=7.57 (m, 2 H) 7.63 (d, /= 8.3 Hz, 1 H)

(8)-4-Methyl-2-(((2-(5-methyl-6-0x0-1.6-dihydropyridin-3-y1)-1-(1-methylpiperidin-4-y1)-1 H-

benzo[d]imidazol-5-yl)methyl)amino)pentanoic acid, 3.21:

To a solution of (S)-cyclopentyl 4-methyl-2-(((2-(5-methyl-6-0xo0-1,6-dihydropyridin-3-yl)-1-
(1-methylpiperidin-4-y1)-1H-benzo[d]imidazol-5-yl)methyl)amino)pentanoate 3.19 (42 mg,
0.079 mmol) in MeOH (2.5 ml) and THF (2.5 ml) was added 1 M aqueous lithium hydroxide
solution (0.236 ml, 0.236 mmol) and the reaction mixture stirred at 50 °C overnight. The sample
was blown down under a stream of nitrogen. The residue was dissolved in DMSO (1 ml), the
solid removed by filtration, and the solution purified by MDAP (formic acid). The solvent was
blown down under a stream of nitrogen to give the required product (S)-4-methyl-2-(((2-(5-
methyl-6-oxo0-1,6-dihydropyridin-3-yl)-1-(1-methylpiperidin-4-yl)-1 H-benzo[d]imidazol-5-
yl)methyl)amino)pentanoic acid 3.21 (8.8 mg, 0.019 mmol, 24% yield) as a yellow gum.

LCMS (high pH): rt = 0.56 min, MH" = 466

"H NMR (d¢-DMSO): 6 0.80 (d, J = 6.4 Hz, 3 H) 0.86 (d, J = 6.6 Hz, 3 H) 1.39 — 1.56 (m, 2 H)
1.74 - 1.94 (m, 3 H) 2.04 — 2.14 (m, 5 H) 2.26 (s, 3 H) 2.43 — 2.48 (m, peak partially obscured
by solvent) 2.89 — 3.02 (m, 2 H) 3.07 — 3.15 (m, 1 H) 3.90 (d, /= 13.2 Hz, 1 H) 4.03 (d, J =
13.0 Hz, 1 H) 4.16 - 4.33 (m, 1 H) 7.27 (d, /= 8.3 Hz, 1 H) 7.54 — 7.60 (m, 2 H) 7.65 (s, 1 H)
7.71(d,J=8.3Hz, 1 H) 8.26 (s, 1 H)

3-Methyl-5-(1-(1-methylpiperidin-4-y1)-1H-benzo[d]imidazol-2-yDpyridin-2(1 H)-one, 3.22:
To a mixture of 5-methyl-6-oxo0-1,6-dihydropyridine-3-carbaldehyde 3.25 (75 mg, 0.548 mmol)

and sodium hydrosulfite (286 mg, 1.645 mmol) was added a solution of 1-methyl-N-(2-
nitrophenyl)piperidin-4-amine 3.27 (129 mg, 0.548 mmol) in ethanol (1.5 ml), followed by
water (0.75 ml). The reaction mixture was heated under microwave at 100 °C for 5 hours. The

reaction mixture was partitioned between saturated aqueous sodium bicarbonate solution (10
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ml) and DCM (2 x 10 ml). The organic layers were combined, dried using a hydrophobic frit
and blown down under a stream of nitrogen. The residue was dissolved in DMSO (2 x 1 ml) and
purified by MDAP (high pH). The solvent was blown down under a stream of nitrogen to give
the required product 3-methyl-5-(1-(1-methylpiperidin-4-yl)-1H-benzo[d]imidazol-2-yl)pyridin-
2(1H)-one 3.22 (84 mg, 0.261 mmol, 48% yield) as an off-white solid.

LCMS (formic acid): rt = 0.36 min, MH" = 323

'H NMR (d¢-DMSO): 6 1.88 (d, J = 11.5 Hz, 2 H) 2.00 — 2.13 (br. m., 5 H) 2.26 (s, 3 H) 2.43 —
2.56 (m, partially obscured by solvent peak) 2.89 — 3.01 (m, 2 H) 2.87 — 3.03 (m, 2 H) 4.17 —
4.36 (m, 1 H) 7.19 —7.25 (m, 2 H) 7.57 (s, 2 H) 7.60 — 7.67 (m, 1 H) 7.72 (d, /= 7.1 Hz, 1 H)
11.89 (br. s., 1 H).

C NMR (ds-DMSO, 303 K): 6 16.4, 29.5, 45.5, 54.5, 108.3, 112.5, 119.4, 121.6, 122.0, 128.8,
133.5, 134.0, 138.0, 143.2, 150.6, 162.2. One carbon atom is likely to be hidden under the
solvent peak.

IR (neat): 2944 (amine NH), 1665 (pyridone), 1567 (aryl), 754 (aryl C-H) cm™

M.pt.: 257-264 °C

HRMS: (C;oH,sN40) MH'" requires 323.1866, found MH" 323.1863

5-Bromo-3-methylpyridin-2(1H)-one, 3.24:

To a suspension of 5-bromo-3-methylpyridin-2-amine 3.23 (15 g, 80 mmol) in water (270 ml)
was added 1 M aqueous sulfuric acid solution (44.9 ml, 44.9 mmol) and the reaction mixture
cooled to 3 °C internal temperature using an ice/water bath with added ammonium chloride. A
solution of sodium nitrite (8.85 g, 128 mmol) in water (60 ml) was added dropwise over
approximately 30 minutes, maintaining an internal temperature of between 0—5 °C. Foam was
being formed at this point. The reaction was left stirring in the cooling bath for 30 min, and then
it was allowed to warm to room temperature and stirred overnight. The resulting suspension,
which had a large amount of foam on top, was filtered and the solid washed on the filter with
water. The solid was collected and dried in a vacuum oven to give a white solid. To a
suspension of this crude material in water (270 ml) was added 1 M aqueous sulfuric acid
solution (44.9 ml, 44.9 mmol) and the reaction mixture cooled to 8 °C internal temperature
using an ice/water bath. A solution of sodium nitrite (8.85 g, 128 mmol) in water (60 ml) was
added dropwise over approximately 30 minutes, maintaining an internal temperature of 510 °C.
Foam was again being formed at this point. The reaction mixture was left stirring in the cooling
bath for 2 hours, allowed to warm to room temperature, and stirred overnight. The resulting

suspension, which again had a large amount of foam on top, was filtered and the solid washed
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on the filter with water. The solid was collected and dried in a vacuum oven to give a white
solid, 5-bromo-3-methylpyridin-2(1H)-one 3.24 (10.1 g, 53.7 mmol, 67% yield).

LCMS (formic acid): rt = 0.59 min, MH" = 188/190

"H NMR (ds-DMSO): § 1.97 (s, 3 H) 7.38 - 7.55 (m, 2 H) 11.69 (br. s., 1 H).

5-Methyl-6-0x0-1.6-dihydropyridine-3-carbaldehyde, Preparation A, 3.25:

To a flask which had been purged with nitrogen was added 5-bromo-3-methylpyridin-2(1H)-one
3.24 (1.5 g, 7.98 mmol) in dry THF (75 ml). The solution was stirred in a dry ice/acetone bath
for 20 minutes. 1.6 M n-butyllithium in hexanes (14.96 ml, 23.93 mmol) was added dropwise
over ten minutes, whereupon the reaction mixture became bright yellow. The reaction mixture
was stirred under nitrogen in the dry ice/acetone bath for 3 hours. Dry DMF (14.83 ml, 191
mmol) was added dropwise over approximately 5 minutes, and the reaction mixture stirred
under nitrogen in the dry ice/acetone bath for 1 hour. The reaction mixture was quenched using
saturated aqueous ammonium chloride solution (~ 30 ml), and then allowed to warm to room
temperature. The resulting slurry was partitioned between EtOAc (100 ml) and water (100 ml).
The organic layer was washed with brine (50 ml), dried using a hydrophobic frit, and
evaporated under reduced pressure to give a dark purple solid. The solid was triturated in diethyl
ether, the solid removed by filtration and dried in a vacuum oven, to give 5-methyl-6-oxo-1,6-
dihydropyridine-3-carbaldehyde 3.25 (151 mg, 1.101 mmol, 14% yield) as an off-white solid.
The aqueous layers were combined and re-extracted with DCM (2 x 75 ml). These organic
layers were combined, dried using a hydrophobic frit and evaporated under reduced pressure to
give a yellow solid. The solid was triturated in diethyl ether, the solid removed by filtration and
dried in a vacuum oven to give a second batch of 5-methyl-6-oxo-1,6-dihydropyridine-3-
carbaldehyde 3.25 (308 mg, 2.246 mmol, 28% yield) as a pale yellow solid. The overall yield of
the reaction was 42%.

Batch 1:

LCMS (formic acid): rt = 0.40 min, MH" = 138

"H NMR (ds-DMSO): § 2.01 (s, 3 H) 7.63 — 7.64 (m, 1 H) 8.13 (d, /= 2.5 Hz, 1 H) 9.56 (s, 1 H)
12.21 (br. s., 1 H).

Batch 2:

LCMS (formic acid): rt = 0.40 min, MH" = 138

'H NMR (dg-DMSO): 6 2.01 (s, 3 H) 7.63 (s, 1 H) 8.13 (d, J=2.2 Hz, 1 H) 9.56 (s, 1 H) 12.21
(br.s., 1 H).

Further analysis performed on subsequent batch prepared using identical methodology:

C NMR (ds-DMSO0, 303 K): § 16.2, 117.4, 129.2, 132.1, 144.1, 163.3, 187.6.
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IR (neat): 1701 (aldehyde), 1647 (pyridone), 1589 (aryl), 859 (aryl C-H) cm™
M.pt.: 222-223 °C
HRMS: (C;HyNO,) MH" requires 138.0550, found MH" 138.0546

5-Methyl-6-0x0-1.6-dihydropyridine-3-carbaldehyde, Preparation B, 3.25:
5-Bromo-3-methylpyridin-2(1H)-one 3.24 (1.5 g, 7.98 mmol) was added to a flask which was

purged with nitrogen. Anhydrous THF (75 ml) was added and the solution was stirred under
nitrogen, in dry-ice/acetone bath for 20 min. 1.6 M n-Butyllithium in hexanes (14.96 ml, 23.93
mmol) was added dropwise to the mixture and the reaction mixture was stirred under nitrogen in
dry-ice/acetone bath for 3 hours. Anhydrous DMF (14.83 ml, 191 mmol) was added dropwise
and the reaction mixture was stirred under nitrogen in dry-ice/acetone bath for 1 hour. It was
quenched using saturated aqueous ammonium chloride solution (30 ml) and allowed to warm to
room temperature. The resulting slurry was partitioned between EtOAc (100 ml) and water (100
ml) and the layers were separated. The organic layer was washed with brine (50 ml), dried, and
evaporated under reduced pressure to give a pale yellow solid. The solid was triturated with
diethyl ether and the solid filtered was collected as the required product 5-methyl-6-oxo-1,6-
dihydropyridine-3-carbaldehyde (Batch 1) 3.25 (210.8 mg, 1.537 mmol, 19% yield). The
aqueous layers from the previous extractions were combined and re-extracted with DCM (4 x 75
ml and 4 x 100 ml). The combined organic layers were dried and evaporated under reduced
pressure to give a pale yellow liquid. The liquid residue was azeotroped with toluene (2 x 30
ml) and the solvents were removed under reduced pressure to give a yellow solid. The solid was
triturated with diethyl ether, and the solid filtered was collected as the required product 5-
methyl-6-oxo0-1,6-dihydropyridine-3-carbaldehyde (Batch 2) 3.25 (452.4 mg, 3.30 mmol, 41%
yield). The total yield of the reaction was 61%.

Batch 1:

LCMS (formic acid): rt = 0.41 min, MH" = 138

"H NMR (ds-DMSO): § 2.01 (s, 3 H) 7.63 — 7.64 (m, 1 H) 8.13 (d, /= 2.5 Hz, 1 H) 9.56 (s, 1 H)
12.05-12.37 (br. s., 1 H).

Batch 2:

LCMS (formic acid): rt = 0.41 min, MH" = 138

'H NMR (d¢-DMSO): 6 2.01 (s, 3 H) 7.63 — 7.64 (s, 1 H) 8.13 (d, J=2.2 Hz, 1 H) 9.56 (s, 1 H)
12.18 (br. s., 1 H).
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1-Methyl-N-(2-nitrophenyl)piperidin-4-amine, 3.27:
To a solution of 1-fluoro-2-nitrobenzene 3.26 (0.075 ml, 0.709 mmol) in THF (1.5 ml) was
added 1-methylpiperidin-4-amine (243 mg, 2.126 mmol) and DIPEA (0.371 ml, 2.126 mmol),

and the reaction mixture heated under microwave conditions at 120 °C for 30 minutes. The
reaction mixture was partitioned between DCM (3 x 10 ml) and saturated aqueous sodium
bicarbonate solution (10 ml). The organic layers were combined, dried using a hydrophobic frit
and blown down under a stream of nitrogen to give an orange gum. The sample was loaded in
DCM and purified by SPE (silica, 10 g) using a gradient of 0 — 10 % (2 M ammonia in MeOH)
in DCM. The appropriate fractions were combined and blown down under a stream of nitrogen
to give the required product 1-methyl-N-(2-nitrophenyl)piperidin-4-amine 3.27 (132 mg, 0.561
mmol, 79% yield) as an orange gum.

LCMS (formic acid): rt = 0.56 min, MH" = 236

"H NMR (d¢-DMSO): 6 1.50 — 1.74 (m, 2 H) 1.92 — 1.99 (m, 2 H) 2.06 — 2.27 (m, 5 H) 2.66 (d,
J=11.5Hz,2H)3.59-3.68 (m, 1 H) 6.65—-6.81 (m, 1 H) 7.12 (d,/J=8.6 Hz, 1 H) 7.51 - 7.56
(m, 1 H)7.94 (d,/J=7.6 Hz, 1 H) 8.07 (dd, /= 8.6, 1.5 Hz, 1 H).

(8)-Cyclopentyl 2-((4-fluoro-3-nitrobenzyl)amino)-4-methylpentanoate, 3.31:

To a solution of 4-fluoro-3-nitrobenzaldehyde 3.30 (2 g, 11.83 mmol) and (S)-cyclopentyl 2-
amino-4-methylpentanoate 4-methylbenzenesulfonate 3.28 (4.83 g, 13.01 mmol) in DCM (50
ml) was added acetic acid (2.031 ml, 35.5 mmol) and the reaction mixture stirred under nitrogen
for 1.5 hours. Sodium triacetoxyborohydride (5.01 g, 23.65 mmol) was added portion-wise, and
the reaction mixture stirred at room temperature overnight. Saturated aqueous sodium
bicarbonate solution (100 ml) was added slowly, and stirring continued until fizzing had
stopped. The resulting suspension was extracted with DCM (3 x 100 ml). The organic layers
were combined, dried using a hydrophobic frit and evaporated under reduced pressure. The
sample was loaded in DCM and purified by SPE (silica, 100 g) using a gradient of 0 — 50%
EtOAc in cyclohexane. The appropriate fractions were combined and evaporated under reduced
pressure to give the required product (S)-cyclopentyl 2-((4-fluoro-3-nitrobenzyl)amino)-4-
methylpentanoate 3.31 (3.5 g, 9.93 mmol, 84% yield) as a yellow gum.

LCMS (formic acid): rt = 1.00 min, MH" = 353

'H NMR (ds-DMSO): § 0.81 (d, J= 6.6 Hz, 3 H), 0.87 (d, J= 6.9 Hz, 3 H) 1.32 — 1.48 (m, 2 H)
1.52-1.75(m, 7 H) 1.76 — 1.85 (m, 2 H) 2.52 — 2.77 (m, 1 H) 3.04 — 3.17 (m, 1 H) 3.59 — 3.86
(m, 2 H) 5.05-5.20 (m, 1 H) 7.53 (dd, /=11.3, 8.6 Hz, 1 H) 7.74 (ddd, /= 8.5, 4.5,2.2 Hz, 1
H) 8.09 (dd, J=7.5,2.1 Hz, 1 H).
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(S)-Tert-butyl 2-((4-fluoro-3-nitrobenzyl)amino)-4-methylpentanoate, 3.32:

To a solution of 4-fluoro-3-nitrobenzaldehyde 3.30 (1 g, 5.91 mmol) and (S)-tert-butyl 2-amino-
4-methylpentanoate hydrochloride 3.29 (1.455 g, 6.50 mmol) in DCM (25 ml) was added acetic
acid (1.016 ml, 17.74 mmol) and the reaction mixture stirred under nitrogen for 1 hour. Sodium
triacetoxyborohydride (2.507 g, 11.83 mmol) was added portion-wise, and the reaction mixture
stirred at room temperature overnight. Saturated aqueous sodium bicarbonate solution (50 ml)
was added slowly, and stirring continued until fizzing had stopped. The resulting suspension
was extracted with DCM (3 x 50 ml). The organic layers were combined, dried using a
hydrophobic frit and evaporated under reduced pressure. The sample was loaded in DCM and
purified by SPE (silica, 100 g) using a gradient of 0 — 50 % EtOAc in cyclohexane. The
appropriate fractions were combined and evaporated under reduced pressure to give the required
product (S)-tert-butyl 2-((4-fluoro-3-nitrobenzyl)amino)-4-methylpentanoate 3.32 (1.66 g, 4.88
mmol, 82% yield) as a yellow gum.

LCMS (formic acid): rt = 0.95 min, MH" = 341

'H NMR (d¢-DMSO): 6 0.82 (d, J = 6.6 Hz, 3 H) 0.87 (d, J = 6.6 Hz, 3 H) 1.34 — 1.39 (m, 2 H)
1.39 — 1.46 (m, 9 H) 1.68 — 1.80 (m, 1 H) 2.53 —2.64 (m, 1 H) 2.96 — 3.06 (m, 1 H) 3.64 (dd, J
=14.4,59Hz, 1 H)3.82(dd, /J=14.4,5.1 Hz, 1 H) 7.54 (dd,J=11.5,8.6 Hz, 1 H) 7.71 —7.78
(m, 1 H)8.09 (d,/=7.5,2.1 Hz, 1 H).

(5)-Cyclopentyl 4-methyl-2-((4-((1-methylpiperidin-4-yl)amino)-3-

nitrobenzyl)amino)pentanoate, 3.33:
To a solution of (S)-cyclopentyl 2-((4-fluoro-3-nitrobenzyl)amino)-4-methylpentanoate 3.31

(500 mg, 1.419 mmol) in THF (9 ml) was added 1-methylpiperidin-4-amine (486 mg, 4.26

mmol) and DIPEA (0.743 ml, 4.26 mmol), and the reaction mixture heated under microwave
conditions at 120 °C for a total of 90 min. Further 1-methylpiperidin-4-amine (486 mg, 4.26
mmol) was added and the reaction mixture heated for a further 30 min at 120 °C. The reaction
mixture was partitioned between DCM (2 x 100 ml) and saturated aqueous sodium bicarbonate
solution (100 ml). The organic layers were combined, dried using a hydrophobic frit and
evaporated under reduced pressure. The sample was loaded in DCM and purified by SPE (silica,
100 g) using a gradient of 0 — 5 % (2 M ammonia in MeOH) in DCM. The appropriate fractions
were combined and evaporated under reduced pressure to give the required product (S)-
cyclopentyl  4-methyl-2-((4-((1-methylpiperidin-4-yl)amino)-3-nitrobenzyl)amino)pentanoate
3.33 (456 mg, 1.021 mmol, 72% yield) as an orange gum.

LCMS (formic acid): rt = 0.70 min, MH" = 447
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'"H NMR (dg-DMSO): 6 0.79 (d, J = 6.6 Hz, 3 H) 0.85 (d, J= 6.6 Hz, 3 H) 1.30 — 1.43 (m, 2 H)
1.51 — 1.72 (m, 10 H) 1.74 — 1.88 (m, 2 H) 1.89 — 2.00 (m, 2 H) 2.09 — 2.23 (m, 5 H) 2.65 (d, J
=11.3 Hz, 2 H) 3.00 - 3.12 (m, 1 H) 3.47 (d, /= 13.7 Hz, 1 H) 3.60 — 3.68 (m, 2 H) 5.04 — 5.08
(m, 1 H) 7.10 (d, J= 9.1 Hz, 1 H) 7.47 (dd, J= 8.8, 2.0 Hz, 1 H) 7.94 (d, /= 7.6 Hz, 1 H) 7.97
(d,J=1.7 Hz, 1 H).

(S)-tert-Butyl 4-methyl-2-((4-((1-methylpiperidin-4-yl)amino)-3-nitrobenzyl)amino)pentanoate,
To a solution of (S)-tert-butyl 2-((4-fluoro-3-nitrobenzyl)amino)-4-methylpentanoate 3.32 (250
mg, 0.734 mmol) in THF (3.5 ml) was added 1-methylpiperidin-4-amine (252 mg, 2.203 mmol)

and DIPEA (0.385 ml, 2.203 mmol), and the reaction mixture heated under microwave
conditions to 120 °C for 30 min. The reaction mixture was partitioned between DCM (2 x 20
ml) and saturated aqueous sodium bicarbonate solution (20 ml). The organic layers were
combined, dried using a hydrophobic frit and blown down under a stream of nitrogen. The
sample was loaded in DCM and purified by SPE (silica, 25 g) using a gradient of 0 — 10 % (2 M
ammonia in MeOH) in DCM. The appropriate fractions were combined and evaporated under
reduced pressure to give (S)-tert-butyl 4-methyl-2-((4-((1-methylpiperidin-4-yl)amino)-3-
nitrobenzyl)amino)pentanoate 3.34 (127 mg, 0.292 mmol, 40% yield).

LCMS (high pH): rt = 1.09 min, MH" = 435

"H NMR (d¢-DMSO): 6 0.80 (d, J = 6.6 Hz, 3 H) 0.86 (d, J = 6.6 Hz, 3 H) 1.31 — 1.37 (m, 2 H)
1.40 (s, 9 H) 1.47 - 1.63 (m, 2 H) 1.64 — 1.79 (m, 1 H) 1.88 —2.10 (m, 2 H) 2.11 —2.18 (m, 5
H) 2.26 — 2.37 (m, 1 H) 2.59 — 2.71 (m, 2 H) 2.92 — 3.04 (m, 1 H) 3.46 (d, /= 13.6 Hz, 1 H)
3.58-3.70 (m,2 H) 7.10 (d,J=9.1 Hz, 1 H) 7.48 (dd, /= 8.8, 1.8 Hz, 1 H) 7.93 (d, /= 7.6 Hz,
1H)7.97(d,J=1.8 Hz, 1 H)

(8)-4-Methyl-2-(((2-(5-methyl-6-0x0-1,6-dihydropyridin-3-y1)-1-(1-methylpiperidin-4-y1)-1 H-

benzo[d]imidazol-5-yl)methyl)amino)pentanoic acid bis-hydrochloride, 3.35:

To a solution of (S)-cyclopentyl 4-methyl-2-(((2-(5-methyl-6-oxo0-1,6-dihydropyridin-3-yl)-1-
(1-methylpiperidin-4-yl)-1H-benzo[d]imidazol-5-yl)methyl)amino)pentanoate 3.19 (34 mg,
0.064 mmol) in MeOH (2 ml) and THF (2 ml) was added 1 M aqueous lithium hydroxide
solution (0.191 ml, 0.191 mmol) and the reaction mixture stirred at 50 °C for two nights. The
reaction mixture was blown down under a stream of nitrogen. The sample was dissolved in 2 M
hydrochloric acid (0.1 ml) and MeOH (0.9 ml) and purified by MDAP (high pH). The
appropriate fractions were combined, blown down under a stream of nitrogen, and dried in a
vacuum oven overnight. The sample was suspended in THF (1 ml), 2 M aqueous hydrochloric

acid (0.5 ml) added, and the resulting solution blown down under a stream of nitrogen to give
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the required product (S)-4-methyl-2-(((2-(5-methyl-6-ox0-1,6-dihydropyridin-3-yl)-1-(1-
methylpiperidin-4-yl)-1H-benzo[d]imidazol-5-yl)methyl)amino)pentanoic acid bis-
hydrochloride 3.35 (26 mg, 0.048 mmol, 76 % yield) as an off-white solid.

LCMS (high pH): rt = 0.56 min, MH" = 466

'"H NMR (d¢-DMSO): 6 0.92 (d, /= 6.1 Hz, 6 H) 1.71 — 1.94 (m, 3 H) 2.10 (s, 3 H) 2.29 (d, J =
11.9 Hz,2 H) 2.75 (d, J=4.6 Hz, 3 H) 3.03 - 3.18 (m, 2 H) 3.18 — 3.33 (m, 2 H) 3.55 (d, J =
10.9 Hz, 2 H) 3.79 — 3.86 (m, 1 H) 4.28 — 4.38 (m, 1 H) 4.38 —4.48 (m, 1 H) 4.74 — 4.87 (m, 1
H) 7.66 (s, 1 H) 7.72 (d, J=8.6 Hz, 1 H) 7.96 (d, /J=2.3 Hz, 1 H) 8.14 (s, 1 H) 8.79 (d, /=8.9
Hz, 1 H) 9.66 (br. s., 1 H) 10.16 (br. s., 1 H) 11.88 (br. s., 1 H)
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Chapter 4

3-Methyl-5-phenylpyridin-2(1 H)-one, 4.01:
5-Bromo-3-methylpyridin-2(1H)-one 3.24 (50 mg, 0.266 mmol), phenylboronic acid (38.9 mg,

0.319 mmol), and tetrakis(triphenylphosphine)palladium(0) (30.7 mg, 0.027 mmol) were
combined in isopropanol (2.4 ml), 1 M aqueous sodium bicarbonate solution (0.798 ml, 0.798
mmol) added, and the reaction mixture heated under microwave conditions at 120 °C for 10
min. The reaction mixture was partitioned between DCM (2 x 10 ml) and water (10 ml). The
organic layers were combined, dried using a hydrophobic frit and blown down a stream of
nitrogen. The residue was dissolved in DMSO (1 ml) and purified by MDAP (formic acid). The
solvent was blown down under a stream of nitrogen to give the required product 3-methyl-5-
phenylpyridin-2(1H)-one 4.01 (16 mg, 0.086 mmol, 33% yield) as an off-white solid.

LCMS (formic acid): rt = 0.77 min, MH" = 186

"H NMR (ds-DMSO): 6 2.05 (s, 3 H) 7.27 (t, J= 7.3 Hz, 1 H) 7.39 (t, J= 7.7 Hz, 2 H) 7.50 —
7.60 (m, 3 H) 7.73 (dd, J=2.7, 1.2 Hz, 1 H) 11.70 (br. s., 1 H)

BC NMR (de-DMSO, 303 K): 0 16.6, 117.6, 125.2, 126.6, 128.7, 128.9, 129.5, 136.5, 136.9,
162.1.

IR (neat): 1646 (pyridone), 1594 (aryl). 1565 (aryl), 877 (aryl, isolated C-H), 772 (CH of
monosubstituted aryl), 695 (CH of monosubstituted aryl) cm™

M.pt.: 206-219 °C

HRMS: (C,H;,NO) MH" requires 186.0913, found MH" 186.0910

3-Methyl-5-(o-tolyDpyridin-2(1H)-one, 4.02:
Method as for 4.01, using the following reagents: 5-bromo-3-methylpyridin-2(1H)-one 3.24 (50

mg, 0.266 mmol), o-tolylboronic acid (43.4 mg, 0319 mmol), and
tetrakis(triphenylphosphine)palladium(0) (30.7 mg, 0.027 mmol), 1 M aqueous sodium
bicarbonate solution (0.798 ml, 0.798 mmol) and isopropanol (2.4 ml). The final product was:
3-methyl-5-(o-tolyl)pyridin-2(1 H)-one 4.02 (25 mg, 0.125 mmol, 47% yield) as an off-white
solid.

LCMS (formic acid): rt = 0.83 min, MH" = 200

'H NMR (d¢-DMSO): 6 2.02 (s, 3 H) 2.25 (s, 3 H) 7.11 - 7.30 (m, 5 H) 7.36 (s, 1 H) 11.60 (br.
s., 1 H).

3-Methyl-5-(1-methyl-1H-imidazol-2-yDpyridin-2(1 H)-one, 4.03 (Method A):
A mixture of 5-bromo-3-methylpyridin-2(1H)-one 3.24 (50 mg, 0.266 mol) and
tetrakis(triphenylphosphine)palladium(0) (30.7 mg, 0.027 mmol) were combined in DMF (1
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ml), 1-methyl-2-(tributylstannyl)-1H-imidazole (0.102 ml, 0.319 mmol) was added, and the
reaction mixture heated under microwave conditions at 120 °C for 15 min. LCMS (formic acid)
showed no evidence of product, 56% starting material (aryl bromide) remained. Lithium
chloride (11.27 mg, 0.266 mmol) was added and the reaction mixture heated for a further 120
°C for 15 min. LCMS (formic acid) showed little change and no evidence of product formation.

The reaction was therefore abandoned.

3-Methyl-5-(1-methyl-1H-imidazol-2-yDpyridin-2(1 H)-one, 4.03 (Method B):
A  mixture of 5-bromo-3-methylpyridin-2(1H)-one 3.24 (50 mg, 0.266 mmol),
tetrakis(triphenylphosphine)palladium(0) (30.7 mg, 0.027 mmol) and copper (I) iodide (10.13

mg, 0.053 mmol) were combined in 1,4-dioxane (1 ml), 1-methyl-2-(tributylstannyl)-1H-
imidazole (0.102 ml, 0.319 mmol) added, and the reaction mixture heated under microwave
conditions to 120 °C for 15 min. LCMS (formic acid) showed no evidence of product formation.

The reaction was therefore abandoned.

5-(1-Benzyl-1H-imidazol-5-y1)-3-methylpyridin-2(1 H)-one, 4.05:
5-Bromo-3-methylpyridin-2(1H)-one 3.24 (50 mg, 0.266 mmol), 1-benzyl-5-(4,4,5,5-
tetramethyl-1,3,2-dioxaborolan-2-yl)-1H-imidazole ~ (64.5 mg, 0.227 mmol), and

tetrakis(triphenylphosphine)palladium(0) (30.7 mg, 0.027 mmol) were combined in isopropanol
(2.4 ml), 1 M aqueous sodium bicarbonate solution (0.798 ml, 0.798 mmol) added, and the
reaction mixture heated under microwave conditions at 120 °C for 10 min. Further 1-benzyl-5-
(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)-1H-imidazole (64.5 mg, 0.227 mmol) and
tetrakis(triphenylphosphine)palladium(0) (30.7 mg, 0.027 mmol) were added, and heating
continued for a further 10 min at 120 °C. The reaction mixture was partitioned between DCM (2
x 10 ml) and water (10 ml). The organic layers were combined, dried using a hydrophobic frit
and blown down under a stream of nitrogen. The residue was dissolved in DMSO (2 x 1 ml) and
purified by MDAP (high pH). One of the two samples was lost due to machine failure. The
solvent was blown down a stream of nitrogen to give the required product 5-(1-benzyl-1H-
imidazol-5-yl)-3-methylpyridin-2(1H)-one 4.05 (4.5 mg, 0.017 mmol, 6% yield) as a colourless
gum.

LCMS (formic acid): rt = 0.45 min, MH" = 266

"H NMR (dg-DMSO): 6 1.91 (s, 3 H) 5.21 (s, 2 H) 6.89 - 7.06 (m, 3 H) 7.12 (d, /= 2.2 Hz, 1 H)
7.16 —7.20 (m, 1 H) 7.23 —7.33 (m, 2 H) 7.81 (s, 1 H) 8.39 (s, 1 H)
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5-(1-Benzyl-1H-pyrazol-5-y1)-3-methylpyridin-2(1H)-one, 4.07:

Method as for 4.01, using the following reagents: 5-bromo-3-methylpyridin-2(1H)-one 3.24 (50
mg, 0.266 mmol), 1-benzyl-5-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)-1H-pyrazole (91
mg, 0.319 mmol), tetrakis(triphenylphosphine)palladium(0) (30.7 mg, 0.027 mmol), 1 M
aqueous sodium bicarbonate solution (0.798 ml, 0.798 mmol) and isopropanol (2.4 ml). The
reaction mixture was heated for 20 min. The final product was: 5-(1-benzyl-1H-pyrazol-5-yl)-3-
methylpyridin-2(1H)-one 4.07 (6.7 mg, 0.025 mmol, 10% yield) as an off-white gum.

LCMS (formic acid): rt = 0.74 min, MH" = 266

'H NMR (dg-DMSO): 6 1.95 (s, 3 H) 5.34 (s, 2 H) 6.37 (d, J= 1.8 Hz, 1 H) 6.99 (d, /= 7.1 Hz,
2H)7.16-736 (m,5H)7.53(d,J=1.8Hz, 1 H) 11.36 — 11.95 (m, 1 H)

3-Methyl-5-(3-(1-methylpiperidin-4-y1)-3H-imidazo[4.5-b]pyridin-2-y)pyridin-2(1 H)-one,
4.08:
To a mixture of 5-methyl-6-0xo0-1,6-dihydropyridine-3-carbaldehyde 3.25 (59.2 mg, 0.432

mmol) and sodium hydrosulfite (225 mg, 1.295 mmol) was added a solution of N-(1-
methylpiperidin-4-yl)-3-nitropyridin-2-amine 4.23 (102 mg, 0.432 mmol) in ethanol (1.2 ml),
followed by water (0.6 ml). The reaction mixture was heated under microwave conditions at 100
°C for 5 hours. The reaction mixture was partitioned between saturated aqueous sodium
bicarbonate solution (10 ml) and DCM (3 x 10 ml). The organic layers were combined, dried
using a hydrophobic frit and blown down under a stream of nitrogen. The residue was dissolved
in DMSO (1 ml) and purified by MDAP (high pH). The solvent was blown down under a
stream of nitrogen to give the required product 3-methyl-5-(3-(1-methylpiperidin-4-yl)-3H-
imidazo[4,5-b]pyridin-2-yl)pyridin-2(1H)-one 4.08 (17 mg, 0.053 mmol, 12% yield) as a yellow
gum.

LCMS (high pH): rt = 0.63 min, MH" = 324

'"H NMR (ds-DMSO): § 1.80 (d, J=11.0 Hz, 2 H) 1.96 (t, J= 11.6 Hz, 2 H) 2.07 (s, 3 H) 2.20
(s,3H)2.83 -3.02 (m,4 H) 4.22 (m, 1 H) 7.27 (dd, /= 8.0, 4.8 Hz, 1 H) 7.57 — 7.67 (m, 2 H)
8.02(dd,/=7.8,1.5Hz, 1 H)8.32 (dd,J=4.9, 1.5Hz, 1 H) 11.94 (br. s., 1 H)

3-Methyl-5-(1-(1-methylpiperidin-4-y1)-1H-imidazo[4.5-b]pyridin-2-yDpyridin-2(1 H)-one,
4.14:

To a mixture of N3-(1-methylpiperidin-4-yl)pyridine-2,3-diamine 4.27 (60 mg, 0.291 mmol)
and 5-methyl-6-ox0-1,6-dihydropyridine-3-carbaldehyde 3.24 (39.9 mg, 0.291 mmol) was
added MeOH (0.375 ml) followed by acetic acid (0.125 ml). The reaction mixture was heated
under microwave conditions at 120 °C for a total of 8 hours. The reaction mixture was blown

down under a stream of nitrogen and the residue dissolved in DMSO (1 ml) and purified by

243



CONFIDENTIAL — PROPERTY OF GSK— DO NOT COPY

MDAP (high pH). The solvent was blown down under a stream of nitrogen to give the required
product 3-methyl-5-(1-(1-methylpiperidin-4-yl)-1H-imidazo[4,5-b]pyridin-2-yl)pyridin-2(1 H)-
one 4.14 (44 mg, 0.136 mmol, 47% yield) as a pale brown solid.

LCMS (high pH): rt = 0.57 min, MH" = 324

'H NMR (d¢-DMSO): 6 1.87 — 1.95 (m, 2 H) 1.95 — 2.15 (m, 5 H) 2.22 (s, 3 H) 2.37 — 2.47 (m,
2H)291(d,J=11.4Hz, 2 H)4.22-4.30 (m, 1 H) 7.23 (dd, J=8.2,4.7 Hz, 1 H) 7.58 — 7.63
(m, 1 H) 7.64 (d, J=2.5Hz, 1 H) 8.15 (dd, /= 8.1, 1.3 Hz, 1 H) 8.40 (dd, J=4.6, 1.3 Hz, 1 H)
11.94 (br.s., 1 H)

3-Methyl-5-(1-(1-methylpiperidin-4-yl)-1H-benzo[d]imidazol-2-y)pyrazin-2(1 H)-one, 4.20:

To a mixture of 6-methyl-5-0x0-4,5-dihydropyrazine-2-carboxylic acid 4.29 (95 mg, 0.616
mmol) and HATU (256 mg, 0.672 mmol) in DMF (2 ml) was added DIPEA (0.293 ml, 1.680
mmol) and the reaction mixture stirred at room temperature for 15 min. N1-(1-methylpiperidin-
4-yl)benzene-1,2-diamine 4.28 (115 mg, 0.560 mmol) was added and the reaction mixture
stirred at room temperature for 4 hours. The reaction mixture was blown down under a stream
of nitrogen and the residue loaded in DCM and purified by SPE (5 g, aminopropyl), eluted
using 10% MeOH in DCM. The appropriate fractions were combined and blown down under a
stream of nitrogen to give a brown solid. The sample was loaded in DCM and purified by SPE
(silica, 10 g) using a gradient of 0 — 10 % (2 M ammonia in MeOH) in DCM. The appropriate
fractions were combined and blown down under a stream of nitrogen to give a brown solid (35
mg). A portion of this material (32 mg) and p-toluenesulfonic acid monohydrate (17.83 mg,
0.094 mmol) in toluene (3 ml) was stirred at 110 °C overnight. The reaction mixture was blown
down under a stream of nitrogen and the residue dissolved in DMSO (1 ml) and purified by
MDAP (high pH). The solvent was blown down under a stream of nitrogen to give the required
product 3-methyl-5-(1-(1-methylpiperidin-4-yl)-1H-benzo[d]imidazol-2-yl)pyrazin-2(1H)-one
4.20 (5.6 mg, 0.017 mmol, 3% yield) as an off-white gum.

LCMS (formic acid): rt = 0.64 min, MH" = 324

'H NMR (ds-DMSO): § 1.84 — 1.94 (m, 2 H) 2.08 (td, /= 11.9, 2.5 Hz, 2 H) 2.28 (s, 3 H) 2.40
(s, 3 H)2.52 -2.63 (m, 2 H) 2.90 — 3.03 (m, 2 H) 5.06 — 5.14 (m, 1 H) 7.15 — 7.27 (m, 2 H)
7.62(dd,J=7.1,1.5Hz, 1 H) 7.67—-7.74 (m, 1 H) 7.94 (s, 1 H)

N-(1-Methylpiperidin-4-y1)-3-nitropyridin-2-amine, 4.23:
To a solution of 2-fluoro-3-nitropyridine (0.080 ml, 0.732 mmol) in THF (1.5 ml) was added 1-
methylpiperidin-4-amine (251 mg, 2.196 mmol) and DIPEA (0.384 ml, 2.196 mmol), and the

reaction mixture heated under microwave conditions at 120 °C for 30 min. The reaction mixture

was partitioned between DCM (3 x 10 ml) and saturated aqueous sodium bicarbonate solution
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(10 ml). The organic layers were combined, dried using a hydrophobic frit and blown down
under a stream of nitrogen to give an orange gum. The sample was loaded in DCM and purified
by SPE (silica, 10 g) using a gradient of 0 — 10 % (2 M ammonia in MeOH) in DCM. The
appropriate fractions were combined and blown down under a stream of nitrogen to give the
required product N-(1-methylpiperidin-4-yl)-3-nitropyridin-2-amine 4.23 (155 mg, 0.656 mmol,
90% yield) as an orange gum.

LCMS (high pH): rt = 0.86 min, MH" = 237

'H NMR (dg-DMSO): 6 1.59 — 1.69 (m, 2 H) 1.88 — 1.95 (m, 2 H) 2.00 — 2.15 (m, 2 H) 2.18 (s,
3H)2.70(d,J=11.7Hz,2 H) 4.02 - 4.23 (m, 1 H) 6.78 (dd, /=8.4,4.5 Hz, 1 H) 8.10 (d, J =
7.3 Hz, 1 H), 8.43(dd,/J=8.4,1.8 Hz, 1 H) 8.49 (dd,J=4.4,1.7 Hz, 1 H)

N-(1-Methylpiperidin-4-y1)-4-nitropyridin-3-amine, 4.24:

To a solution of 3-fluoro-4-nitropyridine (1.05 g, 7.39 mmol) in THF (15 ml) was added 1-
methylpiperidin-4-amine (2.53 g, 22.17 mmol) and DIPEA (3.87 ml, 22.17 mmol), and the
reaction mixture heated under microwave conditions at 120 °C for 90 min. The reaction mixture
was partitioned between DCM (3 x 100 ml) and saturated aqueous sodium bicarbonate solution
(100 ml). The organic layers were combined, dried using a hydrophobic frit, and evaporated
under reduced pressure to give an orange solid. The sample was loaded in DCM and purified by
SPE (silica, 100 g) using a gradient of 0 — 10 % (2 M ammonia in MeOH) in DCM. The
appropriate fractions were combined and evaporated under reduced pressure to give the required
product N-(1-methylpiperidin-4-yl)-4-nitropyridin-3-amine 4.24 (1.47 g, 6.22 mmol, 84% yield)
as a yellow solid.

LCMS (high pH): rt = 0.69 min, MH" = 237

'H NMR (d¢-DMSO): § 1.41 — 1.51 (m, 2 H) 1.88 (d, J = 12.0 Hz, 2 H) 1.97 — 2.11 (m, 2 H)
2.18 (s, 3 H)2.70 —2.76 (m, 2 H) 3.35-3.44 (m, 1 H) 7.09 (dd, /=9.1,3.0 Hz, 1 H) 7.32 (d, J
=7.8Hz, 1 H)7.90 (d,/=2.7 Hz, 1 H) 8.09 (d, /J=9.1 Hz, 1 H).

N-(1-Methylpiperidin-4-y1)-2-nitropyridin-3-amine, 4.25:

To a solution of 3-fluoro-2-nitropyridine (896 mg, 6.31 mmol) in THF (8 ml) was added 1-
methylpiperidin-4-amine (2.160 g, 18.92 mmol) and DIPEA (3.30 ml, 18.92 mmol), and the
reaction mixture was heated under microwave conditions at 120 °C for 30 min. The reaction
mixture was partitioned between DCM (3 x 100 ml) and saturated aqueous sodium bicarbonate
solution (100 ml). The organic layers were combined, dried using a hydrophobic frit, and blown
down under a stream of nitrogen to give an orange solid. The sample was loaded in DCM and
purified by SPE (silica, 100 g) using a gradient of 0 — 10 % (2 M ammonia in MeOH) in DCM.

The appropriate fractions were combined and blown down under a stream of nitrogen to give
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the required product N-(1-methylpiperidin-4-yl)-2-nitropyridin-3-amine 4.25 (1.45 g, 6.14
mmol, 97% yield) as an orange solid.

LCMS (high pH): rt = 0.67 min, MH" = 237

'H NMR (d¢-DMSO): 6 1.54 — 1.64 (m, 2 H) 1.90 — 1.97 (m, 2 H) 2.06 — 2.17 (m, 2 H) 2.19 (s,
3H)2.61-2.76 (m,2H)3.63(d,/J=78Hz 1 H)7.53(d,J=73Hz | H) 7.60 (dd, J = 8.7,
39Hz,1H)7.71 (d,/=8.6 Hz, 1 H) 7.83 (dd, /=3.9, 1.4 Hz, 1 H).

N3-(1-Methylpiperidin-4-yl)pyridine-3.4-diamine, 4.26:

N-(1-Methylpiperidin-4-yl)-4-nitropyridin-3-amine 4.24 (400 mg, 1.693 mmol) was dissolved in
ethanol (20 ml) and the reaction mixture was hydrogenated using an H-cube (20 °C, 1 bar, 1
ml/min flow rate) with 10% Pd/C CatCart 30. The reaction mixture was circulated through the
H-cube apparatus for 30 min. The reaction mixture was blown down under a stream of nitrogen
and the residue loaded in DCM and purified SPE (silica, 50 g) using a gradient of 0 — 10 % (2
M ammonia in MeOH) in DCM. The appropriate fractions were combined and evaporated under
reduced pressure to give the required product N3-(1-methylpiperidin-4-yl)pyridine-3,4-diamine
4.26 (304 mg, 1.474 mmol, 87% yield) as a purple gum.

LCMS (high pH): 1t = 0.49 min, MH" = 207

"H NMR (d¢-DMSO): 6 1.26 — 1.36 (m, 2 H) 1.76 — 1.87 (m, 2 H) 1.89 — 2.02 (m, 2 H) 2.15 (s,
3 H)2.66—-2.74 (m, 2 H) 2.91 — 3.06 (br. s., 1 H)4.42 —4.54 (m, 1 H) 4.97 (br. s., 2 H) 6.32 (d,
J=8.6Hz, 1 H) 6.83 (dd, J=8.7,2.8 Hz, 1 H) 7.39 (d, /= 2.7 Hz, 1 H)

N3-(1-Methylpiperidin-4-yDpyridine-2.3-diamine, 4.27:

N-(1-Methylpiperidin-4-yl)-2-nitropyridin-3-amine 4.25 (1.45 g, 6.14 mmol) was dissolved in
ethanol (75 ml) and the solution was hydrogenated using an H-cube (20 °C, 1 bar, 1 ml/min
flow rate) with a 10% Pd/C CatCart 30. The reaction mixture was circulated through the H-cube
for 30 min. The reaction mixture was evaporated under reduced pressure to give a dark purple
solid. The sample was loaded in DCM and purified by SPE (silica, 100 g) using a gradient of 0
— 10 % (2 M ammonia in MeOH) in DCM. The appropriate fractions were combined and
evaporated under reduced pressure to give the required product N3-(1-methylpiperidin-4-
yl)pyridine-2,3-diamine 4.27 (790 mg, 3.83 mmol, 62% yield) as a purple solid.

LCMS (high pH): rt = 0.61 min, MH" = 207

"H NMR (d¢-DMSO): 0 1.35 — 1.45 (m, 2 H) 1.83 — 1.94 (m, 2 H) 1.94 —2.07 (m, 2 H) 2.17 (s,
3H)2.74(d,J=11.9Hz, 1 H) 3.09-3.18 (m, 1 H) 4.43 (d,/=7.1 Hz, 1 H) 5.42 (s, 2 H) 6.42
(dd,J=7.6,4.8 Hz, 1 H) 6.59 (d,/J="7.6 Hz, 1 H) 7.24 (dd, J=4.9, 1.4 Hz, 1 H)
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N1-(1-Methylpiperidin-4-yl)benzene-1.2-diamine, 4.28:

1-Methyl-N-(2-nitrophenyl)piperidin-4-amine 3.27 (400 mg, 1.700 mmol) was dissolved in
ethanol (34 ml) and the reaction was hydrogenated using an H-cube (settings: 20 °C, 1 bar, 1
ml/min flow rate) with a 10% Pd/C CatCart 30. The reaction mixture was blown down under a
stream of nitrogen to give a pale orange solid. The material was hydrogenated a second time,
under identical conditions, and then the resulting solution blown down under a stream of
nitrogen to give a light brown solid (284 mg). The sample was dried in a vacuum pistol at 40 °C
for 1.5 hours to give N1-(1-methylpiperidin-4-yl)benzene-1,2-diamine 4.28 (232 mg, 1.130
mmol, 67% yield).

LCMS (high pH): rt = 0.73 min, MH" = 206

'H NMR (ds-DMSO): 6 1.36 — 1.46 (m, 2 H) 1.90 (d, J = 11.4 Hz, 2 H) 2.00 (t, /= 11.5 Hz, 2
H) 2.17 (s, 3 H) 2.74 (d, J=11.6 Hz, 2 H) 3.09 — 3.18 (m, 1 H) 4.09 (br. s., 1 H) 4.48 (br. s., 1
H) 6.35-6.41 (m, 1 H) 6.42 - 6.50 (m, 2 H) 6.53 (d,J=7.6 Hz, 1 H)

4-(5-Methyl-6-0x0-1,6-dihydropyridin-3-yl)benzaldehyde, 4.30:
5-Bromo-3-methylpyridin-2(1H)-one 3.24 (100 mg, 0.532 mmol), (4-formylphenyl)boronic acid

(96 mg, 0.638 mmol), and tetrakis(triphenylphosphine)palladium(0) (61.5 mg, 0.053 mmol)
were combined in isopropanol (3 ml), 1 M aqueous sodium bicarbonate solution (1.596 ml,
1.596 mmol) added, and the reaction mixture heated under microwave conditions at 120 °C for
10 min. The reaction mixture was partitioned between DCM (2 x 10 ml) and water (10 ml). The
organic layers were combined, dried using a hydrophobic frit and blown down under a stream of
nitrogen. The residue was dissolved in DMSO (3 ml). The first 1 ml was purified by MDAP
(formic acid) and was lost due to machine failure. The remaining 2 ml purified by MDAP (as
standard conditions, except column: Waters BEH C18, 150 x 19 mm, Sum packing diameter;
gradient solvent A: 0.1% v/v solution of formic acid in water, gradient solvent B: MeOH). The
samples were blown down under a stream of nitrogen to give 4-(5-methyl-6-0x0-1,6-
dihydropyridin-3-yl)benzaldehyde 4.30 (21 mg, 0.098 mmol, 19% yield).

LCMS (formic acid): rt = 0.66 min, MH" = 214

"H NMR not performed due to low mass available for subsequent reactions.

(S)-Cyclopentyl 4-methyl-2-((4-(5-methyl-6-0x0-1.6-dihydropyridin-3-

yl)benzyl)amino)pentanoate. 4.32:

To a mixture of 4-(5-methyl-6-oxo0-1,6-dihydropyridin-3-yl)benzaldehyde 430 (21 mg,
0.098 mmol) and (S)-cyclopentyl 2-amino-4-methylpentanoate 4-methylbenzenesulfonate 3.26
(40.2 mg, 0.108 mmol) in DCM (2 ml) was added acetic acid (0.017 ml, 0.295 mmol) and the

reaction mixture was stirred at room temperature for 15 min. Sodium triacetoxyborohydride
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(41.7 mg, 0.197 mmol) was added, and the reaction mixture stirred at room temperature for 1.5
hours. The reaction mixture was partitioned between DCM (3 x 10 ml) and saturated sodium
bicarbonate solution (10 ml). The organic layers were combined, dried using a hydrophobic frit
and blown down under a stream of nitrogen. The residue was dissolved in DMSO (1 ml) and
purified by MDAP (high pH). The solvent was blown down under a stream of nitrogen to give
two batches of material: batch 1, (S)-cyclopentyl 4-methyl-2-((4-(5-methyl-6-oxo-1,6-
dihydropyridin-3-yl)benzyl)amino)pentanoate 4.32 (12 mg, 0.030 mmol, 31% yield), as a
yellow solid; and batch 2, (S)-cyclopentyl 4-methyl-2-((4-(5-methyl-6-0x0-1,6-dihydropyridin-
3-yl)benzyl)amino)pentanoate 4.32 (12 mg, 0.030 mmol, 31% yield), as a yellow solid.

Batch 1:

LCMS (high pH): 1t = 1.24 min, MH" = 397

"H NMR (d¢-DMSO): 6 0.80 (d, J = 6.6 Hz, 3 H) 0.86 (d, J = 6.6 Hz, 3 H) 1.32 — 1.45 (m, 2 H)
1.50 — 1.74 (m, 7 H) 1.74 — 1.96 (m, 2 H) 2.05 (s, 3 H) 2.21 —2.42 (m, 1 H) 3.06 — 3.13 (m, 1
H)3.53(d,J/=13.7,1H)3.74 (d,/J=13.5Hz, 1 H) 5.02-5.18 (m, 1 H) 7.30 (d, /= 8.3 Hz, 2
H)7.49 (d,/=8.3Hz 2H)7.53(d,J=2.5Hz, 1 H) 7.68 — 7.78 (m, 1 H).

Batch 2:

LCMS (formic acid): rt = 0.82 min, MH" = 397, 92% pure by UV. Also contains at rt = 0.66
min, MH" = 214, 8% by UV, consistent with starting material aldehyde.

'H NMR not done due to low purity.

(5)-Cyclopentyl 2-((4-(1,5-dimethyl-6-ox0-1,6-dihydropyridin-3-yl)benzyl)amino)-4-

methylpentanoate, 4.33:
To a mixture of 4-(1,5-dimethyl-6-oxo0-1,6-dihydropyridin-3-yl)benzaldehyde 4.31 (203 mg,

0.893 mmol) and (S)-cyclopentyl 2-amino-4-methylpentanoate 4-methylbenzenesulfonate 3.26
(365 mg, 0.983 mmol) in DCM (10 ml) was added acetic acid (0.153 ml, 2.68 mmol) and the
reaction mixture was stirred at room temperature for 15 min under nitrogen. Sodium
triacetoxyborohydride (379 mg, 1.787 mmol) was added, and the reaction mixture stirred at
room temperature for 1.5 hours. The reaction mixture was partitioned between DCM (3 x 50 ml)
and saturated sodium bicarbonate solution (50 ml). The organic layers were combined, dried
using a hydrophobic frit, and evaporated under reduced pressure. The sample was loaded in
DCM and purified by SPE (silica, 25 g) using a gradient of 0 — 10 % (2 M ammonia in MeOH)
in DCM. The appropriate fractions were combined and blown down under a stream of nitrogen.
The sample was loaded in DCM and purified by SPE (silica, 25 g) using a gradient of 0 — 6% (2
M ammonia in MeOH) in DCM. The appropriate fractions were combined and blown down

under a stream of nitrogen to give two batches of product, batch 1, (S)-cyclopentyl 2-((4-(1,5-
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dimethyl-6-oxo0-1,6-dihydropyridin-3-yl)benzyl)amino)-4-methylpentanoate 4.33 (171 mg,
0.418 mmol, 47% yield),and batch 2, crude material which was not pure (126 mg, 34% yield).
Batch 2 was dissolved in DMSO (2 x 1 ml) and purified by MDAP (high pH). The solvent was
blown down under a stream of nitrogen to give the required product, batch 3, (S)-cyclopentyl 2-
((4-(1,5-dimethyl-6-ox0-1,6-dihydropyridin-3-yl)benzyl)amino)-4-methylpentanoate 4.33 (77
mg, 0.188 mmol, 21% yield) as a yellow solid. The total yield of the reaction was 68%.

Batch 1:

LCMS (formic acid): rt = 0.86 min, MH" = 411

'H NMR (d¢-DMSO): 6 0.80 (d, J = 6.6 Hz, 2 H) 0.86 (d, J = 6.6 Hz, 2 H) 1.33 — 1.45 (m, 2 H)
1.49 —1.75 (m, 7 H) 1.75 - 1.91 (m, 2 H) 2.08 (s, 3 H) 2.28 —2.43 (m, 1 H) 3.00 — 3.15 (m, 1
H) 3.33 (s, 3 H) 3.55 (m, partially obscured by water peak) 3.73 (d, /= 13.5 Hz, 1 H) 5.08 —
513 (m, 1 H)7.32(d,/=83Hz 2H)751(d,J=83Hz,2H)7.72—-7.74 (m, 1 H) 7.97 (d, J
=2.5Hz, 1 H)

BC NMR (de-DMSO, 303 K): 6 17.1, 22.2, 22.6, 23.2, 24.4, 32.3, 37.2, 42.0, 50.5, 58.4, 76.5,
117.0, 124.9, 127.7, 128.5, 134.2, 134.8, 135.8, 138.8, 161.6, 174.8.

IR (neat): 2953 (amine N-H), 1726 (ester), 1654 (pyridone), 1594 (aryl), 1516 (aryl), 816 (aryl
C-H), 767 (aryl C-H) cm™

M.pt.: 88-90 °C

HRMS: (C»sH3sN,05) MH" requires 411.2639, found MH" 411.2642

[ap] 27 (¢ 1.0, methanol): -22.3 °

Batch 2:

LCMS (formic acid): rt = 0.86 min, MH" = 411

"H NMR (d¢-DMSO): 6 0.80 (d, J = 6.6 Hz, 2 H) 0.86 (d, J = 6.6 Hz, 2 H) 1.32 — 1.45 (m, 2 H)
1.48 - 1.75 (m, 7 H) 1.78 — 1.86 (m, 2 H) 2.08 (s, 3 H) 3.09 (t,J=7.3 Hz, 1 H) 3.54 (d, /= 13.7
Hz, 1 H)3.75(d,J=13.7Hz, 1 H) 5.09 - 5.12 (m, 1 H) 7.32 (d, /=83 Hz,2 H) 7.51 (d, J =
83Hz,2H)7.72-7.74 (m, 1 H) 7.97 (d, J=2.5 Hz, 1 H).

(8)-4-Methyl-2-((4-(5-methyl-6-0x0-1.6-dihydropyridin-3-yl)benzyl)amino)pentanoic acid,
hydrochloride, 4.34:

To a solution of (S)-cyclopentyl 4-methyl-2-((4-(5-methyl-6-ox0-1,6-dihydropyridin-3-
yl)benzyl)amino)pentanoate 4.32 (12 mg, 0.030 mmol) in MeOH (1 ml) and THF (1 ml) was
added 1M aqueous lithium hydroxide solution (0.091 ml, 0.091 mmol), and the reaction mixture
stirred at room temperature for 11 days. The sample was blown down under a stream of nitrogen
and the residue suspended in DMSO (1 ml). The sample was filtered and the solution purified

by MDAP (formic acid). The solvent was blown down under a stream of nitrogen to give the
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required product (8)-4-methyl-2-((4-(5-methyl-6-0x0-1,6-dihydropyridin-3-
yl)benzyl)amino)pentanoic acid, hydrochloride 4.34 (10.5 mg, 0.029 mmol, 95% yield) as an
off-white solid.

LCMS (high pH): rt = 0.54 min, MH" = 327

'H NMR (ds-DMSO): 6 0.89 — 0.91 (m, 6 H) 1.70 — 1.81 (m, 3 H) 2.06 (s, 3 H) 3.78 — 3.92 (m,
1 H) 4.12 - 4.23 (m, 2 H) 7.54 (d, J= 8.3 Hz, 2 H) 7.60 — 7.69 (m, 3 H) 7.77 — 7.79 (m, 1 H)
9.29-9.53 (m, 1 H)9.53-9.73 (m, 1 H) 11.64 - 11.97 (m, 1 H) 13.37 — 14.65 (m, 1 H).

(8)-2-((4-(1.,5-Dimethyl-6-0x0-1.6-dihydropyridin-3-yl)benzyl)amino)-4-methylpentanoic acid,
4.35:

To a solution of (S)-cyclopentyl 2-((4-(1,5-dimethyl-6-0x0-1,6-dihydropyridin-3-
yl)benzyl)amino)-4-methylpentanoate 4.33 (100 mg, 0.244 mmol) in MeOH (2.5 ml) and THF
(2.5 ml) was added 1 M aqueous lithium hydroxide solution (0.731 ml, 0.731 mmol) and the
reaction mixture stirred at 50 °C overnight. The sample was blown down under a stream of
nitrogen, DMSO (3 x 1 ml) added, the solid removed by filtration and the solution purified by
MDAP (formic acid). The solvent was blown down under a stream of nitrogen to give the
required  product  (S5)-2-((4-(1,5-dimethyl-6-0x0-1,6-dihydropyridin-3-yl)benzyl)amino)-4-
methylpentanoic acid 4.35 (65 mg, 0.190 mmol, 78% yield) as an off-white solid.

LCMS (formic acid): rt = 0.55 min, MH" = 343

'H NMR (ds-DMSO): 6 0.80 (d, J = 6.6 Hz, 3 H) 0.86 (d, J = 6.6 Hz, 3 H) 1.39 — 1.50 (m, 2 H)
1.75-1.84 (m, 1 H) 2.08 (s, 3 H) 3.09 (t,J=7.1 Hz, 1 H) 3.51 (s, 3 H) 3.73 (d, /J=13.7 Hz, 1
H)3.90 (d, J=13.5Hz, 1 H) 7.40 (d, /= 8.1 Hz, 2 H) 7.55 (d, /= 8.1 Hz, 2 H) 7.70 — 7.78 (m,
1 H)7.99 (d,J=2.2Hz, 1 H).

3-Methyl-5-(1-methyl-1H-benzo[d]imidazol-2-yl)pyridin-2(1H)-one, 4.36:
N-Methyl-2-nitroaniline 4.120 (54.4 mg, 0.357 mmol) in ethanol (1.5 ml) and water (0.75 ml)

was added to a mixture of 5-methyl-6-ox0-1,6-dihydropyridine-3-carbaldehyde 3.25 (49 mg,
0.357 mmol) and sodium hydrosulfite (187 mg, 1.072 mmol). The reaction mixture was heated
under microwave conditions at 100 °C for 5 hours. The reaction mixture was partitioned
between DCM and saturated aqueous sodium bicarbonate solution. The combined organic
layers were dried and evaporated. The crude sample was dissolved in DMSO and purified by
MDAP (formic acid). The solvent was evaporated to give the required product 3-methyl-5-(1-
methyl-1H-benzo[d|imidazol-2-yl)pyridin-2(1H)-one 4.36 (35 mg, 0.146 mmol, 41% yield) as a
white solid.

LCMS (formic acid): rt = 0.44 min, MH" = 240
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"H NMR (ds-DMSO): & 2.08 (s, 3 H) 3.86 (s, 3 H) 7.16 — 7.31 (m, 2 H) 7.56 (d, J= 7.3 Hz, 1 H)
7.59 —7.64 (m, 1 H) 7.78 (d,J=2.2 Hz, 1 H) 7.81 — 7.87 (m, 1 H) 11.47 — 12.36 (br.s., | H)

5-(1-Isobutyl-1H-benzo[d]imidazol-2-y1)-3-methylpyridin-2(1H)-one, 4.39:
N-Isobutyl-2-nitroaniline 4.123 (65 mg, 0.335 mmol), 5-methyl-6-oxo-1,6-dihydropyridine-3-
carbaldehyde 3.25 (45.9 mg, 0.335 mmol) and sodium hydrosulfite (175 mg, 1.004 mmol) were

dissolved in ethanol (1.5 ml) and water (0.75 ml) and heated under microwave conditions at 100
°C for 5 hours. Saturated aqueous sodium bicarbonate solution was added, followed by DCM.
The layers were separated and the aqueous phase extracted using DCM. The organic layers were
combined, dried over magnesium sulfate, and the solvent removed. The yellow residue was then
purified by SPE (silica) using a gradient of 0 — 10 % MeOH in DCM. The appropriate fractions
were combined and the solvent removed to give 5-(1-isobutyl-1H-benzo[d]imidazol-2-yl)-3-
methylpyridin-2(1H)-one 4.39 (46 mg, 0.163 mmol, 50 % yield) as a white solid.

LCMS (formic acid): rt = 0.64 min, MH" = 282

'H NMR (CDCl;): § 0.80 (d, J = 6.8 Hz, 6 H) 2.15 — 2.22 (m, 1 H) 4.05 (d, J = 7.3 Hz, 2 H)
7.25-731 (m,2 H) 7.34-7.40 (m, 1 H) 7.74 (s, 2 H) 7.76 — 7.80 (m, 1 H)

3-Methyl-5-(1-((4-methylmorpholin-2-yl)methyl)-1 H-benzo[d]imidazol-2-yD)pyridin-2(1 H)-
one, 4.42:
Method as for 4.36, using the following reagents: N-((4-Methylmorpholin-2-yl)methyl)-2-

nitroaniline 4.130 (84 mg, 0.335 mmol), 5-methyl-6-0x0-1,6-dihydropyridine-3-carbaldehyde
3.25 (46 mg, 0.335 mmol), sodium hydrosulfite (175 mg, 1.006 mmol), ethanol (1.5 ml) and
water (0.75 ml). MDAP (high pH) was used. The final product was: 3-methyl-5-(1-((4-
methylmorpholin-2-yl)methyl)-1H-benzo[d]imidazol-2-yl)pyridin-2(1H)-one  4.42 (56 mg,
0.165 mmol, 49% yield) as a colourless gum.

LCMS (formic acid): rt = 0.37 min, MH" = 339

"H NMR (de-DMSO): 6 1.78 (t, J=10.6 Hz, 1 H) 1.95 —2.02 (m, 1 H) 2.06 (s, 3 H) 2.17 (s, 3
H)2.57(d,J=11.7Hz, 1 H)2.78 (d,J=11.3 Hz, 1 H) 3.32 — 3.38 (m, 1 H) 3.66 — 3.76 (m, 1
H) 3.84 —3.91 (m, 1 H) 4.22 — 4.38 (m, 2 H) 7.20 — 7.27 (m, 2 H) 7.58 — 7.67 (m, 2 H) 7.79 —
7.81 (m, 1 H) 7.90 (d,J=2.2 Hz, 1 H)

5-(1-(2-(Dimethylamino)ethyl)-1H-benzo[d]imidazol-2-yl)-3-methylpyridin-2(1H)-one, 4.45:

Method as for 4.39, using the following reagents: N1,N1-Dimethyl-N2-(2-nitrophenyl)ethane-
1,2-diamine 4.135 (75 mg, 0.358 mmol), 5-methyl-6-ox0-1,6-dihydropyridine-3-carbaldehyde
3.25 (49.2 mg, 0.358 mmol), sodium hydrosulfite (187 mg, 1.075 mmol), ethanol (1.5 ml) and
water (0.75 ml). The final product was: 5-(1-(2-(dimethylamino)ethyl)-1H-benzo[d]imidazol-2-
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y1)-3-methylpyridin-2(1H)-one 4.45 (49 mg, 0.165 mmol, 46% yield) as a colourless oil.

LCMS (formic acid): rt = 0.37 min, MH" = 297

'"H NMR (CDCls): 6 2.26 (s, 9 H) 2.72 — 2.79 (m, 2 H) 4.28 — 4.33 (m, 2 H) 7.29 — 7.35 (m, 2
H)7.38—-7.44 (m, 1 H) 7.76 — 7.82 (m, 1 H) 7.86 — 7.87 (m, 1 H) 8.01 (d, /=2.2 Hz, 1 H)

N-(2-(2-(5-Methyl-6-0x0-1.6-dihydropyridin-3-y1)-1 H-benzo|d]imidazol-1-yl)ethyl)acetamide,
4.48:

Method as for 4.90, using the following reagents: N-(2-((2-Nitrophenyl)amino)ethyl)acetamide
4.139 (68 mg, 0.305 mmol), 5-methyl-6-0x0-1,6-dihydropyridine-3-carbaldehyde 3.25 (41.8
mg, 0.305 mmol), sodium hydrosulfite (159 mg, 0.914 mmol), ethanol (1.5 ml) and water (0.75
ml). The final product was: N-(2-(2-(5-methyl-6-0x0-1,6-dihydropyridin-3-yl)-1H-
benzo[d]imidazol-1-yl)ethyl)acetamide 4.48 (11 mg, 0.035 mmol, 12% yield) as a colourless
oil.

LCMS (formic acid): rt = 0.41 min, MH" = 311

'H NMR (d;MeOD): 6 1.70 (s, 3 H) 2.20 (s, 3 H) 3.48 (t, J = 6.2 Hz, 2 H) 4.44 (t,J = 6.2 Hz, 2
H)7.27-7.37 (m,2 H) 7.60 (d,/J=7.6 Hz, 1 H) 7.66 (d, J=7.6 Hz, 1 H) 7.77 — 7.80 (m, 2 H)

3-Methyl-5-(1-((tetrahydro-2 H-pyran-4-yl)methyl)-1 H-benzo[d]imidazol-2-yl)pyridin-2(1 H)-
one, 4.51:

Method as for 4.36, using the following reagents: 2-Nitro-N-((tetrahydro-2H-pyran-4-
yl)methyl)aniline 4.142 (86 mg, 0.365 mmol), 5-methyl-6-oxo-1,6-dihydropyridine-3-
carbaldehyde 3.25 (50 mg, 0.365 mmol), sodium hydrosulfite (190 mg, 1.094 mmol), ethanol
(1.5 ml) and water (0.75 ml). The final product was: 3-methyl-5-(1-((tetrahydro-2H-pyran-4-
yl)methyl)-1H-benzo[d]imidazol-2-yl)pyridin-2(1H)-one 4.51 (53.4 mg, 0.165 mmol, 45%
yield) as an off-white gum.

LCMS (formic acid): rt = 0.54 min, MH" = 324

"H NMR (d5-MeOD): § 1.17 — 1.37 (m, 4 H) 2.01 —2.16 (m, 1 H) 2.21 (s, 3 H) 3.20 — 3.27 (m, 2
H) 3.76 —3.88 (m, 2 H) 4.26 (d, /= 7.6 Hz, 2 H) 7.28 — 7.37 (m, 2 H) 7.61 (d, J= 7.6 Hz, 1 H)
7.66 (d,J=73Hz, 1 H)7.75(d,/J=22Hz, 1 H) 7.77 - 7.79 (m, 1 H)

BC NMR (de-DMSO, 303 K): d 16.9, 30.5, 35.6, 49.8, 66.8, 109.1, 111.5, 119.2, 122.3, 122.6,
129.4,134.2, 136.5, 138.3, 142.8, 151.1, 162.6.

IR (neat): 2934 (saturated CH,), 2908 (saturated CH,), 2838 (saturated CH,), 1656 (pyridone),
744 (aryl C-H) cm™

M.pt.: 259-261 °C

HRMS: (C4H»:N30,) MH" requires 324.1712, found MH" 324.1704
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5-(1-(1-Methoxypropan-2-y1)-1H-benzo[d]imidazol-2-y1)-3-methylpyridin-2(1H)-one, 4.54:

Method as for 4.36, using the following reagents: N-(1-Methoxypropan-2-yl)-2-nitroaniline
4.147 (77 mg, 0.365 mmol), 5-methyl-6-ox0-1,6-dihydropyridine-3-carbaldehyde 3.25 (50 mg,
0.365 mmol), sodium hydrosulfite (190 mg, 1.094 mmol), ethanol (1.5 ml) and water (0.75 ml).
The final product was:  5-(1-(1-methoxypropan-2-yl)-1H-benzo[d]imidazol-2-yl)-3-
methylpyridin-2(1H)-one 4.54 (64.6 mg, 0.217 mmol, 60% yield) as a colourless gum.

LCMS (formic acid): rt = 0.57 min, MH" = 298

'H NMR (d¢-DMSO): § 1.52 (d, J = 7.1 Hz, 3 H) 2.06 (s, 3 H) 3.15 (s, 3 H) 3.69 (dd, J = 10.3,
44 Hz, 1 H)4.02(t,J=9.9Hz, 1 H)4.70 —4.82 (m, 1 H) 7.15 - 7.27 (m, 2 H) 7.58 — 7.70 (m,
3H)7.72 -7.80 (m, 1 H)

5-(1-(3-HydroxypropyD)-1H-benzo[d]imidazol-2-y1)-3-methylpyridin-2(1H)-one, 4.57:
3-((2-Nitrophenyl)amino)propan-1-ol 4.148 (61 mg, 0.311 mmol), 5-methyl-6-oxo-1,6-
dihydropyridine-3-carbaldehyde 3.25 (42.6 mg, 0.311 mmol) and sodium hydrosulfite (162 mg,

0.933 mmol) were dissolved in ethanol (1.5 ml) and water (0.75 ml) and heated under
microwave conditions at 100 °C for 5 hours. Saturated aqueous sodium bicarbonate solution (15
ml) was added, followed by EtOAc (15 ml). The layers were separated and the aqueous phase
further extracted using EtOAc (2 x 15 ml). The organic layers were combined, dried over
magnesium sulfate, and the solvent removed. The residue was purified by SPE (silica) using a
gradient of 0 — 10% MeOH in DCM. The appropriate fractions were combined and the solvent
removed to give 5-(1-(3-hydroxypropyl)-1H-benzo[d]imidazol-2-yl)-3-methylpyridin-2(1H)-
one 4.57 (23 mg, 0.081 mmol, 26% yield) as a colourless oil.

LCMS (formic acid): rt = 0.43 min, MH" = 284

"H NMR (d5-MeOD): § 1.94 — 2.07 (m, 2 H) 2.19 (s, 3 H) 3.54 (t, J= 5.8 Hz, 2 H) 4.37 — 4.45
(m, 2 H) 7.24 —7.37 (m, 2 H) 7.57 = 7.61 (m, 1 H) 7.62 — 7.70 (m, 1 H) 7.81 (d, /= 1.2 Hz, 1
H) 7.80 — 7.82 (m, 1 H)

5-(1-Ethyl-1H-benzo[d]imidazol-2-y1)-3-methylpyridin-2(1 H)-one, 4.60:
Method as for 4.36, using the following reagents: N-ethyl-2-nitroaniline 4.121 (60.6 mg, 0.365

mmol), 5-methyl-6-oxo0-1,6-dihydropyridine-3-carbaldehyde 3.25 (50 mg, 0.365 mmol), sodium
hydrosulfite (190 mg, 1.094 mmol), ethanol (1.5 ml) and water (0.75 ml). The final product
was: 5-(1-ethyl-1H-benzo[d]imidazol-2-yl)-3-methylpyridin-2(1H)-one 4.60 (67.8 mg, 0.268
mmol, 73% yield) as a white gum.

LCMS (formic acid): rt = 0.50 min, MH" = 254

'H NMR (ds-DMSO): 6 1.33 (t, J=7.1 Hz, 3 H) 2.08 (s, 3 H) 430 (q, /= 7.1 Hz, 2 H) 7.18 —
7.29 (m, 2 H) 7.58 — 7.65 (m, 2 H) 7.68 (d, J=2.2 Hz, 1 H) 7.72 —7.76 (m, 1 H)
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5-(1-isopropyl-1H-benzo[d]imidazol-2-y1)-3-methylpyridin-2(1H)-one, 4.63:

Method as for 4.36, using the following reagents: N-isopropyl-2-nitroaniline 4.122 (65.7 mg,
0.365 mmol), 5-methyl-6-0x0-1,6-dihydropyridine-3-carbaldehyde (50 mg, 0.365 mmol),
sodium dithionite (190 mg, 1.094 mmol), in ethanol (1.5 ml) and water (0.75 ml). The final
product was 5-(1-isopropyl-1H-benzo[d]imidazol-2-yl)-3-methylpyridin-2(1H)-one 4.63 (61.5
mg, 0.230 mmol, 63% yield) as a colourless gum.

LCMS (formic acid): rt = 0.56 min, MH" = 268

'H NMR (d¢-DMSO): 6 1.59 (d, J = 6.8 Hz, 6 H) 2.07 (s, 3 H) 4.61 —4.83 (m, 1 H) 7.12 — 7.31
(m, 2 H) 7.54 —7.59 (m, 2 H) 7.59 — 7.65 (m, 1 H) 7.70 — 7.84 (m, 1 H)

5-(1-(Cyclopropylmethyl)-1H-benzo[d]imidazol-2-y1)-3-methylpyridin-2(1 H)-one, 4.66:

Method as for 4.39, using the following reagents: N-(cyclopropylmethyl)-2-nitroaniline 4.124
(68 mg, 0.354 mmol), 5-methyl-6-ox0-1,6-dihydropyridine-3-carbaldehyde 3.25 (48.5 mg,
0.354 mmol), sodium hydrosulfite (185 mg, 1.061 mmol), ethanol (1.5 ml) and water (0.75 ml).
The final product was: 5-(1-(cyclopropylmethyl)-1H-benzo[d]imidazol-2-yl)-3-methylpyridin-
2(1H)-one 4.66 (49 mg, 0.175 mmol, 50% yield) as a white solid.

LCMS (formic acid): rt = 0.60 min, MH" = 280

'H NMR (CDCls): 6 0.24 — 0.32 (m, 2 H) 0.53 — 0.61 (m, 2 H) 1.12 — 1.22 (m, 1 H) 2.26 (s, 3
H)4.14 (d,J=6.4Hz,3H) 7.27 — 7.34 (m, 3 H) 7.42 — 7.46 (m, 1 H) 7.77 — 7.81 (m, 3 H)

5-(1-(Azetidin-3-y1)-1H-benzo[d]imidazol-2-y1)-3-methylpyridin-2(1 H)-one, 4.69:
tert-Butyl 3-(2-(5-methyl-6-0x0-1,6-dihydropyridin-3-yl)-1 H-benzo[d]imidazol-1-yl)azetidine-
1-carboxylate 4.126 (62 mg, 0.163 mmol) was dissolved in 1,4-dioxane (3 ml), then 4 M

hydrochloric acid in 1,4-dioxane (1 ml) was added to the reaction mixture. The mixture was left
stirring at room temperature for 72 hours. Diethyl ether (2 x 10 ml) was added, and each time
the supernatant collected. The solvent was removed under reduced pressure and the residue
purified by MDAP (high pH). The appropriate fractions were combined and the solvent
removed to give 5-(1-(azetidin-3-yl)-1H-benzo[d]imidazol-2-yl)-3-methylpyridin-2(1H)-one
4.69 (45 mg, 0.161 mmol, 99% yield) as a white powder.

LCMS (formic acid): rt = 0.37 min, MH" = 281

"H NMR (d¢-DMSO): 6 2.06 (s, 3 H) 3.89 — 3.96 (m, 4 H) 5.38 — 5.46 (m, 1 H) 7.18 — 7.36 (m,
2 H)7.58 (br.s.,2H)7.65(d,/J=7.3 Hz, 1 H) 8.03 (d,/J=7.3 Hz, 1 H)

3-Methyl-5-(1-(1-methylpiperidin-3-yl)-1H-benzo[d]imidazol-2-yDpyridin-2(1 H)-one, 4.72:

Method as for 4.36, using the following reagents: 1-methyl-N-(2-nitrophenyl)piperidin-3-amine
4.127 (54.9 mg, 0.233 mmol), 5-methyl-6-oxo-1,6-dihydropyridine-3-carbaldehyde 3.25 (32
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mg, 0.233 mmol), sodium hydrosulfite (122 mg, 0.700 mmol), ethanol (1.5 ml) and water (0.75
ml). The final product was: 3-methyl-5-(1-(1-methylpiperidin-3-yl)-1H-benzo[d]imidazol-2-
y)pyridin-2(1H)-one 4.72 (35.5 mg, 0.110 mmol, 47% yield) as a colourless gum.

LCMS (formic acid): rt = 0.44 min, MH" = 323

"H NMR (ds-DMSO): § 1.50 — 1.65 (m, 1 H) 1.76 — 1.79 (br.d., 1 H) 1.89 — 1.99 (m, 1 H) 2.00 —
2.05 (m, 1 H) 2.07 (s, 3 H) 2.16 —2.28 (m, 4 H) 2.70 (t, J=11.0 Hz, 1 H) 2.76 (d, /= 11.3 Hz,
1 H)2.91 - 3.00 (m, 1 H) 4.34 —4.43 (m, 1 H) 7.17 — 7.25 (m, 2 H) 7.57 (s, 2 H) 7.60 — 7.65
(m, 1 H) 7.78 = 7.83 (m, 1 H) 11.92 (br.s., 1 H)

3-Methyl-5-(1-((1-methylpiperidin-4-yl)methyl)-1H-benzo[d]imidazol-2-y)pyridin-2(1 H)-one,
4.75:
5-Methyl-6-0x0-1,6-dihydropyridine-3-carbaldehyde 3.25 (50 mg, 0.365 mmol) and sodium

hydrosulfite (190 mg, 1.094 mmol) were added to a solution of N-((1-methylpiperidin-4-
yl)methyl)-2-nitroaniline 4.128 (91 mg, 0.365 mmol) in ethanol (1.5 ml) and water (0.75 ml),
and the reaction mixture was heated under microwave conditions at 100 °C for 5 hours. The
reaction mixture was partitioned between DCM (15 ml) and saturated aqueous sodium
bicarbonate solution (15 ml). The aqueous layer was further extracted with DCM (3 x 15 ml)
and the combined organic layers were dried through a hydrophobic frit and evaporated under
reduced pressure. The sample was loaded in DCM and purified by SPE (silica, 10 g) using a
gradient of 0 — 16% (2 M ammonia in MeOH) in DCM. The appropriate fractions were
combined and evaporated under reduced pressure to give a colourless gum. The compound was
loaded in DCM and again purified by SPE (silica, 10 g) using a gradient of 8 — 18% (2 M
ammonia in MeOH) in DCM. The appropriate fractions were combined and evaporated under
reduced pressure to give the required product 3-methyl-5-(1-((1-methylpiperidin-4-yl)methyl)-
1H-benzo[d]imidazol-2-yl)pyridin-2(1H)-one 4.75 (39.5 mg, 0.117 mmol, 32 % yield) as a
colourless gum.

LCMS (formic acid): rt = 0.37 min, MH" = 337

'H NMR (d¢-DMSO): § 1.08 — 1.18 (m, 2 H) 1.29 (d, J = 11.0 Hz, 2 H) 1.59 — 1.76 (m, 3 H)
2.08 (s,3H)2.07 (s,3H) 2.65(d,/J=11.3Hz,2H)4.21(d,/J=7.1 Hz,2 H) 7.15-7.31 (m, 2
H) 7.57-7.67 (m,2 H) 7.70 — 7.77 (m, 2 H) 11.88 (br. s., 1 H)

3-Methyl-5-(1-((1-methylpiperidin-3-yl)methyl)-1 H-benzo[dlimidazol-2-yDpyridin-2(1H)-one,
4.78:

Method as for 4.36, using the following reagents: S5-methyl-6-oxo0-1,6-dihydropyridine-3-
carbaldehyde 3.25 (47 mg, 0.343 mmol), sodium hydrosulfite (179 mg, 1.028 mmol), N-((1-
methylpiperidin-3-yl)methyl)-2-nitroaniline 4.129 (85 mg, 0.343 mmol), ethanol (1.5 ml) and
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water (0.75 ml). MDAP (high pH) was used. The final product was: 3-methyl-5-(1-((1-
methylpiperidin-3-yl)methyl)-1H-benzo[d|imidazol-2-yl)pyridin-2(1H)-one 4.78 (65.1 mg,
0.194 mmol, 57 % yield) as an off-white gum.

LCMS (formic acid): rt = 0.39 min, MH" = 337

'H NMR (ds-DMSO): 6 0.87 — 1.03 (m, 1 H) 1.23 — 1.42 (m, 2 H) 1.45 — 1.58 (m, 1 H) 1.63 —
1.73 (m, 1 H) 1.89 — 2.00 (m, 2 H) 2.01 (s, 3 H) 2.07 (s, 3 H) 2.21 — 2.29 (m, 1 H) 2.36 — 2.46
(m, 1 H)4.18 —4.32 (m, 2 H) 7.17 — 7.31 (m, 2 H) 7.58 — 7.65 (m, 2 H) 7.79 (d, /= 2.2 Hz, 1
H)7.77(d,J=12Hz 1 H) 11.76 — 12.05 (br.s., 1 H)

3-Methyl-5-(1-(2-(methylamino)ethy])-1H-benzo[d]imidazol-2-y)pyridin-2(1 H)-one
hydrochloride, 4.81:
tert-Butyl methyl(2-(2-(5-methyl-6-0x0-1,6-dihydropyridin-3-yl)-1H-benzo[d]imidazol-1-

yl)ethyl)carbamate 4.132 (101 mg, 0.264 mmol) was dissolved in 1,4-dioxane (3 ml), and then
4 M hydrochloric acid in 1,4-dioxane (1 ml) was added to the reaction mixture which was
stirred at room temperature overnight. Further 4 M hydrochloric acid in 1,4-dioxane (0.5 ml)
was added to the reaction mixture, which was stirred at room temperature for 4 hours. Diethyl
ether (2 x 10 ml) was added, and each time the supernatant removed. The supernatants were
combined and the solvent was removed under reduced pressure to give 3-methyl-5-(1-(2-
(methylamino)ethyl)-1H-benzo[d]imidazol-2-yl)pyridin-2(1H)-one hydrochloride 4.81 (38 mg,
0.119 mmol, 45% yield) as a pale yellow solid.

LCMS (formic acid): rt = 0.35 min, MH" = 283

"H NMR (de-DMSO): 6 2.10 (s, 3 H) 3.26 — 3.36 (m, 2 H) 4.82 (t, J = 6.6 Hz, 2 H) 7.55 — 7.63
(m, 2 H) 7.74 —7.77 (m, 1 H) 7.78 — 7.87 (m, 1 H) 8.00 — 8.08 (m, 1 H) 8.16 (d, /= 7.3 Hz, 1
H) 9.36 (br.s., 2 H) 12.27 — 12.54 (br.s., 1 H). One proton singlet (3 H) is likely to be hidden
under the solvent peak at ~2.52 ppm.

3-Methyl-5-(1-(3-(methylamino)propyl)-1H-benzo[d]imidazol-2-yl)pyridin-2(1H)-one
hydrochloride, 4.84:
tert-Butyl methyl(3-(2-(5-methyl-6-0x0-1,6-dihydropyridin-3-yl)-1H-benzo[d]imidazol-1-

yl)propyl)carbamate 4.134 (150 mg, 0.378 mmol) was dissolved in 1,4-dioxane (3 ml), then 4
M hydrochloric acid in 1,4-dioxane (1 ml) was added to the reaction mixture and left stirring for
72 hours at room temperature. Diethyl ether (2 x 10 ml) was added, and the supernatant
removed each time and combined. The solvent was removed under reduced pressure to give 3-
methyl-5-(1-(3-(methylamino)propyl)-1H-benzo[d]imidazol-2-yl)pyridin-2(1H)-one
hydrochloride 4.84 (95 mg, 0.285 mmol, 75% yield) as a white powder.

LCMS (formic acid): rt = 0.35 min, MH" = 297

256



CONFIDENTIAL — PROPERTY OF GSK— DO NOT COPY

"H NMR (ds-DMSO): § 2.06 — 2.19 (m, 5 H) 2.46 — 2.49 (m, 2 H) 2.88 —2.97 (m, 2 H) 4.56 (t, J
=7.6Hz,2 H) 7.51 - 7.61 (m,2 H) 7.75 (d, /= 1.2 Hz, 1 H) 7.78 — 7.85 (m, 1 H) 7.98 (br.s., 1
H) 8.03 —8.12 (m, 1 H) 8.95 -9.10 (br.s., 2 H) 12.17 — 12.54 (br.s., 1 H). One proton singlet (3
H) is likely to be hidden under the solvent peak at ~2.50 ppm.

5-(1-(3-(Dimethylamino)propyl)-1 H-benzo|d]imidazol-2-y1)-3-methylpyridin-2(1H)-one, 4.87:

N1,N1-Dimethyl-N3-(2-nitrophenyl)propane-1,3-diamine 4.136 (78 mg, 0.349 mmol), 5-
methyl-6-oxo0-1,6-dihydropyridine-3-carbaldehyde 3.25 (47.9 mg, 0.349 mmol) and sodium
hydrosulfite (182 mg, 1.048 mmol) were dissolved in ethanol (1.5 ml) and water (0.75 ml), and

heated under microwave conditions at 100 °C for 5 hours. Saturated aqueous sodium
bicarbonate solution (15 ml) was added, followed by EtOAc (15 ml). The layers were separated
and the aqueous phase further extracted using EtOAc (2 x 15 ml). The organic layers were
combined, dried over magnesium sulfate, and the solvent removed. The residue was purified by
SPE (SCX), which was washed with MeOH (25 ml) and then eluted with 2 M ammonia in
MeOH (25 ml). The ammonia in MeOH fractions were evaporated, and the residue purified by
MDAP (high pH). The appropriate fractions were combined and the solvent removed to give 5-
(1-(3-(dimethylamino)propyl)-1H-benzo[d]imidazol-2-yl)-3-methylpyridin-2(1H)-one 4.87 (28
mg, 0.090 mmol, 26% yield) as a white solid.

LCMS (formic acid): rt = 0.36 min, MH" = 311

"H NMR (CDCl;): § 1.97 — 2.05 (m, 2 H) 2.25 (s, 6 H) 2.26 (s, 3 H) 2.33 (t, J = 6.6 Hz, 2 H)
434 (t,J=73Hz,2H) 728 -7.34 (m,2 H) 7.41 —7.47 (m, 1 H) 7.77 — 7.82 (m, 1 H) 7.86 —
7.88 (m, 1 H) 7.92 (d,J=2.3 Hz, 1 H)

N-Methyl-3-(2-(5-methyl-6-0x0-1,6-dihydropyridin-3-yl)-1H-benzo[d]imidazol-1-

yl)propanamide, 4.90:

N-Methyl-3-((2-nitrophenyl)amino)propanamide 4.137 (53 mg, 0.237 mmol), 5-methyl-6-oxo-
1,6-dihydropyridine-3-carbaldehyde 3.25 (32.6 mg, 0.237 mmol), and sodium hydrosulfite (124
mg, 0.712 mmol) were dissolved in ethanol (1.5 ml), water (0.75 ml) and heated under
microwave conditions at 100 °C for 5 hours. Saturated aqueous sodium bicarbonate solution (15
ml) was added, followed by EtOAc (15 ml). The layers were separated and the aqueous phase
further extracted using EtOAc (2 x 15 ml). The organic layers were combined, dried over
magnesium sulfate, and the solvent removed. The residue was purified by SPE (silica) using a
gradient of 5 — 20% MeOH in DCM. The appropriate fractions were combined and the solvent
removed to give N-methyl-3-(2-(5-methyl-6-o0x0-1,6-dihydropyridin-3-yl)-1H-
benzo[d]imidazol-1-yl)propanamide 4.90 (31 mg, 0.100 mmol, 42% yield) as a white solid.
LCMS (formic acid): rt = 0.41 min, MH" = 311
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'"H NMR (d5-MeOD): 6 2.20 (s, 3 H) 2.57 (s, 3 H) 2.65 (t, J = 6.9 Hz, 2 H) 4.60 (t, J = 6.9 Hz, 2
H) 7.26 - 7.36 (m, 2 H) 7.59 (d, J= 7.3 Hz, 1 H) 7.63 - 7.66 (m, 1 H) 7.77 (s, 2 H)

N-(3-(2-(5-Methyl-6-0x0-1.6-dihydropyridin-3-y1)-1 H-benzo|d]imidazol-1-

yl)propyl)acetamide, 4.93:

Method as for 4.90, using the following reagents: N-(3-((2-nitrophenyl)amino)propyl)acetamide
4.138 (74 mg, 0.312 mmol), 5-methyl-6-0x0-1,6-dihydropyridine-3-carbaldehyde 3.25 (42.8
mg, 0.312 mmol), sodium hydrosulfite (163 mg, 0.936 mmol), ethanol (1.5 ml) and water (0.75
ml). The final product was: N-(3-(2-(5-methyl-6-o0x0-1,6-dihydropyridin-3-yl)-1H-
benzo[d]imidazol-1-yl)propyl)acetamide 4.93 (14 mg, 0.043 mmol, 14 % yield) as a white solid.
LCMS (formic acid): rt = 0.42 min, MH" = 325

"H NMR (d;-MeOD): 6 1.86 (s, 3 H) 1.94 —2.03 (m, 2 H) 2.21 (s, 3 H) 3.11 (t, J = 6.9 Hz, 2 H)
434 (t,J=7.6Hz,2H)7.26-7.39 (m, 2 H) 7.58 (d,/=7.6 Hz, 1 H) 7.66 (d, /= 7.3 Hz, 1 H)
7.73(d,J=2.2Hz, 1 H) 7.74-7.76 (m, 1 H)

3-Methyl-5-(1-((tetrahydrofuran-3-yl)methyl)-1H-benzo[d]imidazol-2-yDpyridin-2(1 H)-one,
2-Nitro-N-((tetrahydrofuran-3-yl)methyl)aniline 4.124 (70 mg, 0.315 mmol), 5-methyl-6-oxo-
1,6-dihydropyridine-3-carbaldehyde 3.25 (43.2 mg, 0.315 mmol) and sodium hydrosulfite (165

mg, 0.945 mmol) were dissolved in ethanol (1.5 ml) and water (0.75 ml) and heated under
microwave conditions at 100 °C for 5 hours. Saturated aqueous sodium bicarbonate solution (15
ml) was added, followed by EtOAc (15 ml). The layers were separated and the aqueous phase
further extracted using EtOAc (2 x 15 ml). The organic layers were combined, dried over
magnesium sulfate, and the solvent removed. The residue was purified by SPE (silica) using a
gradient of 0 — 10% MeOH in DCM. The appropriate fractions were combined and the solvent
removed to give 3-methyl-5-(1-((tetrahydrofuran-3-yl)methyl)-1H-benzo[d]imidazol-2-
yDpyridin-2(1H)-one 4.96 (58 mg, 0.187 mmol, 60% yield) as a colourless oil.

LCMS (formic acid): rt = 0.52 min, MH" = 310

'"H NMR (CDCl;): § 1.52 — 1.61 (m, signal partially obscured under solvent peak) 1.90 — 2.02
(m, 1 H) 2.27 (s, 3 H) 2.77 — 2.91 (m, 1 H) 3.48 — 3.55 (m, 1 H) 3.56 — 3.62 (m, 1 H) 3.69 —
3.77 (m, 1 H) 3.86 —3.94 (m, 1 H) 4.26 (d, J=8.3 Hz, 2 H) 7.30 — 7.37 (m, 2 H) 7.41 — 7.47 (m,
1H)7.74-7.76 (m, 1 H) 7.76 — 7.78 (m, 1 H) 7.79 — 7.83 (m, 1 H) 12.00 — 12.23 (br.s., 1 H)

3-Methyl-5-(1-((tetrahydrofuran-2-yl)methyl)-1H-benzo[d]imidazol-2-yl)pyridin-2(1H)-one,
4.99:
2-Nitro-N-((tetrahydrofuran-2-yl)methyl)aniline 4.141 (77 mg, 0.346 mmol), 5-methyl-6-oxo-

258



CONFIDENTIAL — PROPERTY OF GSK— DO NOT COPY

1,6-dihydropyridine-3-carbaldehyde 3.25 (47.5 mg, 0.346 mmol) and sodium hydrosulfite (181
mg, 1.039 mmol) were dissolved in ethanol (1.5 ml) and water (0.75 ml) and heated under
microwave conditions at 100 °C for 5 hours. Saturated aqueous sodium bicarbonate solution (15
ml) was added, followed by EtOAc (15 ml). The layers were separated and the aqueous phase
further extracted using EtOAc (2 x 15 ml). The organic layers were combined, dried over
magnesium sulfate, and the solvent removed. The residue was then purified by SPE (silica)
using a gradient of 5 — 10% MeOH in DCM. The appropriate fractions were combined and the
solvent removed to give 3-methyl-5-(1-((tetrahydrofuran-2-yl)methyl)-1H-benzo[d]imidazol-2-
yl)pyridin-2(1H)-one 4.99 (44 mg, 0.142 mmol, 41% yield) as a colourless oil.

LCMS (formic acid): rt = 0.57 min, MH" = 310

"H NMR (CDCls): 6 1.57 — 1.68 (m, 1 H) 1.89 — 1.99 (m, 2 H) 2.06 — 2.16 (m, 1 H) 2.25 (s, 3
H)3.73 -3.81 (m, 1 H) 3.85-3.92 (m, 1 H) 4.27 —4.30 (m, 2 H) 4.34 —4.43 (m, 1 H) 7.29 —
7.34 (m,2 H) 741 —7.46 (m, 1 H) 7.77 — 7.82 (m, 1 H) 7.87 — 7.90 (m, 1 H) 7.99 (d, J = 2.0
Hz, 1 H) 11.26 — 11.52 (br.s., 1 H)

3-Methyl-5-(1-((tetrahydro-2 H-pyran-3-yl)methyl)- 1 H-benzo[d]imidazol-2-y)pyridin-2(1 H)-
one, 4.102:
To a mixture of 5-methyl-6-oxo0-1,6-dihydropyridine-3-carbaldehyde 3.25 (31.9 mg, 0.233

mmol) and sodium hydrosulfite (122 mg, 0.698 mmol) was added a solution of 2-nitro-N-
((tetrahydro-2H-pyran-3-yl)methyl)aniline 4.143 (55 mg, 0.233 mmol) in ethanol (0.8 ml),
followed by water (0.4 ml). The reaction mixture was heated under microwave conditions at 100
°C for 5 hours. The reaction mixture was partitioned between saturated aqueous sodium
bicarbonate solution (10 ml) and DCM (2 x 10 ml). The organic layers were combined, dried
using a hydrophobic frit, and blown down under a stream of nitrogen. The residue was dissolved
in DMSO (1 ml) and purified by MDAP (formic acid). The solvent was blown down under a
stream of nitrogen to give crude material (45 mg). The sample was dissolved in DMSO (1 ml)
and purified by MDAP (high pH). The solvent was blown down under a stream of nitrogen to
give  the  required  product = 3-methyl-5-(1-((tetrahydro-2H-pyran-3-yl)methyl)-1H-
benzo[d]imidazol-2-yl)pyridin-2(1H)-one 4.102 (22 mg, 0.068 mmol, 29% yield) as a
colourless glass.

LCMS (high pH): rt = 0.77 min, MH" = 324

'H NMR (de-DMSO): § 1.11 — 1.20 (m, 1 H) 1.22 — 1.39 (m, 1 H) 1.40 — 1.58 (m, 2 H) 1.91 —
2.01 (m, 1 H) 2.07 (s, 3 H) 3.09 (dd, J=11.1, 8.3 Hz, 1 H) 3.25 — 3.37 (m, partially obscured by
water peak) 3.44 (dd, J=11.2, 3.4 Hz, 1 H) 3.56 — 3.63 (m, 1 H) 4.17 — 4.29 (m, 2 H) 7.12 -
7.35(m,2 H) 7.55-7.70 (m, 2 H) 7.75 (s, 2 H) 11.74 (br. s., 1 H).
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3-Methyl-5-(1-((tetrahydro-2 H-pyran-2-yl)methyl)-1 H-benzo[d]imidazol-2-yl)pyridin-2(1 H)-
one, 4.105:
To a mixture of 5-methyl-6-oxo0-1,6-dihydropyridine-3-carbaldehyde 3.25 (36.6 mg, 0.267

mmol) and sodium hydrosulfite (139 mg, 0.800 mmol) was added a solution of 2-nitro-N-
((tetrahydro-2H-pyran-2-yl)methyl)aniline 4.144 (63 mg, 0.267 mmol) in ethanol (0.8 ml),
followed by water (0.4 ml). The reaction mixture was heated under microwave conditions at 100
°C for 5 hours. The reaction mixture was partitioned between saturated aqueous sodium
bicarbonate solution (10 ml) and DCM (2 x 10 ml). The organic layers were combined, dried
using a hydrophobic frit and blown down under a stream of nitrogen. The residue was dissolved
in DMSO (2 x 1 ml) and purified by MDAP (high pH). The solvent was blown down under a
stream of nitrogen to give the required product 3-methyl-5-(1-((tetrahydro-2H-pyran-2-
yl)methyl)-1H-benzo[d]imidazol-2-yl)pyridin-2(1H)-one 4.105 (45 mg, 0.139 mmol, 52%
yield) as an off-white solid.

LCMS (high pH): 1t = 0.67 min, MH" = 324

'"H NMR (d¢-DMSO): § 1.19 — 1.30 (m, 1 H) 1.39 — 1.53 (m, 3 H) 1.70 (d, J = 12.1 Hz, 1 H)
1.76 — 1.86 (m, 1 H) 2.06 (s, 3 H) 3.14 — 3.26 (m, 1 H) 3.71 — 3.84 (m, 2 H) 4.17 — 4.30 (m, 2
H) 7.18 — 7.27 (m, 2 H) 7.59 — 7.62 (m, 2 H) 7.79 — 7.84 (m, 1 H) 7.93 (d, /= 2.3 Hz, 1 H)
11.85 (br. s., 1 H).

3-Methyl-5-(1-(tetrahydro-2 H-pyran-4-y1)-1 H-benzo[d]imidazol-2-y])pyridin-2(1H)-one, 4.108:

Method as for 4.36, using the following reagents: N-(2-nitrophenyl)tetrahydro-2H-pyran-4-
amine 4.145 (81 mg, 0.365 mmol), 5-methyl-6-oxo0-1,6-dihydropyridine-3-carbaldehyde 3.25
(50 mg, 0.365 mmol), sodium hydrosulfite (190 mg, 1.094 mmol), ethanol (1.5 ml) and water
(0.75 ml). The final product was: 3-methyl-5-(1-(tetrahydro-2H-pyran-4-yl)-1H-
benzo[d]imidazol-2-yl)pyridin-2(1H)-one 4.108 (73.4 mg, 0.237 mmol, 65% yield) as a white
solid.

LCMS (formic acid): rt = 0.53 min, MH" = 310

'H NMR (ds-DMSO): 6 1.88 (dd, J = 12.4, 2.8 Hz, 2 H) 2.07 (s, 3 H) 2.42 — 2.53 (m, partially
obscured by solvent peak) 3.45 (t,J=11.1 Hz, 2 H) 4.00 (dd, J=11.5, 4.2 Hz, 2 H) 4.49 — 4.58
(m, 1 H)7.18-7.27 (m, 2 H) 7.59 (s, 2 H) 7.61 — 7.67 (m, 1 H) 7.70 — 7.77 (m, 1 H)

5-(1-(2-Methoxyethyl)-1H-benzo[d]imidazol-2-y1)-3-methylpyridin-2(1H)-one, 4.111:

Method as for 4.36, using the following reagents: S5-methyl-6-oxo0-1,6-dihydropyridine-3-
carbaldehyde 3.25 (84 mg, 0.612 mmol), sodium hydrosulfite (319 mg, 1.835 mmol), N-(2-
methoxyethyl)-2-nitroaniline 4.146 (120 mg, 0.612 mmol), ethanol (1.5 ml), and water (0.75
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ml). The final product was: 5-(1-(2-methoxyethyl)-1H-benzo[d]imidazol-2-yl)-3-methylpyridin-
2(1H)-one 4.111 (83 mg, 0.293 mmol, 48% yield) as an off-white solid.

LCMS (formic acid): rt = 0.51 min, MH" = 284

"H NMR (ds-DMSO): § 2.06 (s, 3 H) 3.18 (s, 3 H) 3.74 (t, J= 5.1 Hz, 2 H) 4.42 (t, /= 5.1 Hz, 2
H) 7.19 — 7.28 (m, 2 H) 7.59 — 7.64 (m, 2 H) 7.78 — 7.79 (m, 1 H) 7.87 (d, J = 2.2 Hz, 1 H)
11.89 (br.s., 1 H).

5-(1-(2-Hydroxyethyl)-1H-benzo[d]imidazol-2-y])-3-methylpyridin-2(1 H)-one. 4.114:

2-((2-Nitrophenyl)amino)ethanol (64 mg, 0.351 mmol), 5-methyl-6-oxo-1,6-dihydropyridine-3-
carbaldehyde 3.25 (48.2 mg, 0.351 mmol) and sodium hydrosulfite (183 mg, 1.054 mmol) were
dissolved in ethanol (1.5 ml) and water (0.75 ml) and heated under microwave conditions at 100
°C for 5 hours. Saturated aqueous sodium bicarbonate solution was added, followed by EtOAc
(15 ml). The layers were separated and the aqueous phase further extracted using EtOAc (2 x 15
ml). The organic layers were combined, dried over magnesium sulfate, and the solvent removed.
The residue was then purified by SPE (silica) using 0 — 10% MeOH in DCM. The appropriate
fractions were combined and the solvent removed to give 5-(1-(2-hydroxyethyl)-1H-
benzo[d]imidazol-2-yl)-3-methylpyridin-2(1H)-one 4.114 (31 mg, 0.115 mmol, 33% yield) as a
white solid.

LCMS (formic acid): rt = 0.41 min, MH" = 270

'H NMR (CDCls): 6 2.27 (s, 3 H) 4.16 — 4.28 (m, 2 H) 4.28 — 4.40 (m, 2 H) 6.80 — 6.88 (m, 1
H) 6.96 — 7.06 (m, 2 H) 7.06 — 7.12 (m, 1 H) 7.82 —7.90 (m, 1 H) 8.19 — 8.26 (m, 1 H) 13.07 —
13.58 (m, 1 H)

5-(1-(1-Hydroxypropan-2-yl)-1H-benzo[d]imidazol-2-yl)-3-methylpyridin-2(1H)-one, 4.117:
2-((2-Nitrophenyl)amino)propan-1-ol 4.150 (58 mg, 0.296 mmol), 5-methyl-6-0xo0-1,6-
dihydropyridine-3-carbaldehyde 3.25 (40.5 mg, 0.296 mmol) and sodium hydrosulfite (154 mg,

0.887 mmol) were dissolved in ethanol (1.5 ml) and water (0.75 ml) and heated under
microwave conditions at 100 °C for 5 hours. Saturated aqueous sodium bicarbonate solution (15
ml) was added, followed by EtOAc (15 ml). The layers were separated and the aqueous phase
extracted using EtOAc (2 x 15 ml). The organic layers were combined, dried over magnesium
sulfate, and the solvent removed. The residue was purified by SPE (silica) using 0 — 10%
MeOH in DCM. The appropriate fractions were combined and the solvent removed to give 5-(1-
(1-hydroxypropan-2-yl)-1H-benzo[d]imidazol-2-yl)-3-methylpyridin-2(1H)-one 4.117 (43 mg,
0.152 mmol, 51% yield) as a colourless oil.

LCMS (formic acid): rt = 0.46 min, MH" = 284
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'"H NMR (d;-MeOD): 8 1.59 (d, J = 7.1 Hz, 3 H) 2.19 (s, 3 H) 3.83 — 3.90 (m, 1 H) 4.22 — 4.33
(m, 1 H) 4.64 — 4.77 (m, 1 H) 7.26 — 7.32 (m, 2 H) 7.64 — 7.70 (m, 1 H) 7.70 — 7.76 (m, 1 H)
7.80 — 7.84 (m, 2 H)

N-Methyl-2-nitroaniline, 4.120:
2 M Methanamine in THF (1.595 ml, 3.19 mmol) and DIPEA (0.557 ml, 3.19 mmol) were
added to a solution of 1-fluoro-2-nitrobenzene 3.26 (0.112 ml, 1.063 mmol) in THF (2 ml). The

reaction mixture was heated under microwave conditions at 120 °C for 30 min. The reaction
mixture was partitioned between DCM and saturated aqueous sodium bicarbonate solution The
combined organic layers were dried and evaporated under reduced pressure. The sample was
loaded in cyclohexane/EtOAc and purified by SPE (silica, 10 g) using a gradient of 0 — 7%
EtOAc in cyclohexane. The appropriate fractions were combined and evaporated under reduced
pressure to give the required product N-methyl-2-nitroaniline 4.120 (155.8 mg, 1.024 mmol,
96% yield) as an orange solid.

LCMS (formic acid): rt = 0.91 min, MH" = 153

'H NMR (dg-DMSO): 6 2.96 (d, J = 5.1 Hz, 3 H) 6.66 — 6.70 (m, 1 H) 6.99 (d, J= 8.8 Hz, 1 H)
7.50 —7.60 (m, 1 H) 8.06 (dd, /= 8.6, 1.5 Hz, 1 H) 8.15 (br.s., 1 H)

N-Ethyl-2-nitroaniline, 4.121:

Method as for 4.120, using the following reagents: 2 M ethanamine in THF (1.595 ml, 3.19
mmol), DIPEA (0.557 ml, 3.19 mmol), 1-fluoro-2-nitrobenzene 3.26 (0.112 ml, 1.063 mmol)
and THF (2 ml).The final product was: N-ethyl-2-nitroaniline 4.121 (155.8 mg, 0.938 mmol, 88

% yield) as an orange oil.

LCMS (formic acid): rt = 1.04 min, MH" = 167

"H NMR (d¢-DMSO): 6 1.24 (t, J= 7.1 Hz, 3 H) 3.33 — 3.45 (m, 2 H) 6.66 — 6.70 (m, 1 H) 7.04
(d,/J=8.6 Hz, 1 H) 7.48 —7.60 (m, 1 H) 8.06 (dd, /= 8.6, 1.7 Hz, 2 H)

N-Isopropyl-2-nitroaniline, 4.122:

Method as for 4.120, using the following reagents: 1-fluoro-2-nitrobenzene 3.26 (0.112 ml,
1.063 mmol), propan-2-amine (0.272 ml, 3.19 mmol), DIPEA (0.557 ml, 3.19 mmol) and THF
(2 ml) and to this solution. The final product was: N-isopropyl-2-nitroaniline 4.122 (137.3 mg,
0.762 mmol, 72% yield) as an orange oil.

LCMS (formic acid): rt = 1.12 min, MH" = 181

"H NMR (d¢-DMSO): 6 1.27 (d, J= 6.4 Hz, 6 H) 3.85 —4.02 (m, 1 H) 6.66 — 6.70 (m, 1 H) 7.09
(d,/J=8.6Hz, 1 H) 7.52 - 7.56 (m, 1 H) 7.88 (d, /J=7.3 Hz, 1 H) 8.07 (dd, /=8.7, 1.6 Hz, 1 H)
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N-Isobutyl-2-nitroaniline, 4.123:
1-Fluoro-2-nitrobenzene 3.26 (74.7 pl, 0.709 mmol), 2-methylpropan-1-amine (211 pl, 2.123
mmol) and DIPEA (371 pl, 2.126 mmol) were dissolved in THF (2 ml) and heated under

microwave conditions at 120 °C for 30 min. Saturated aqueous sodium bicarbonate solution was
added, followed by DCM. The layers were separated and the aqueous phase extracted using
DCM. The organic layers were combined, dried over magnesium sulfate, and the solvent
removed. The yellow residue was then purified by SPE (silica) using a gradient of 10 — 40%
EtOAc in cyclohexane. The appropriate fractions were combined and the solvent removed to
give N-isobutyl-2-nitroaniline 4.123 (129 mg, 0.664 mmol, 94% yield) as a yellow oil.

LCMS (formic acid): rt = 1.23 min, MH" = 195

'H NMR (CDCl): 6 1.04 (d, J = 6.6 Hz, 6 H) 1.91 — 2.08 (m, 1 H) 3.07 — 3.17 (m, 2 H) 6.60 (t,
J=7.7Hz, 1 H)6.83 (d,J=8.8Hz, 1 H) 7.38 — 7.43 (m, 1 H) 8.13 — 8.15 (m, 2 H)

N-(Cyclopropylmethyl)-2-nitroaniline, 4.124:

1-Fluoro-2-nitrobenzene 3.26 (75 ul, 0.711 mmol), cyclopropylmethanamine (183 pl, 2.134
mmol) and DIPEA (373 pl, 2.134 mmol) were dissolved in THF (2 ml) and heated under
microwave conditions at 120 °C for 30 min. Saturated aqueous sodium carbonate solution (15
ml) was added, followed by DCM (15 ml). The layers were separated and the aqueous phase
extracted using DCM (2 x 15 ml). The organic layers were combined, dried over magnesium
sulfate, and the solvent removed. The yellow residue was then purified by SPE (silica) using 10
— 40% EtOAc in cyclohexane. The appropriate fractions were combined and the solvent
removed to give N-(cyclopropylmethyl)-2-nitroaniline 4.124 (136 mg, 0.708 mmol, 99% yield)
as a yellow oil.

LCMS (formic acid): rt = 1.15 min, MH" = 193

"H NMR (CDCl;): 6 0.27 — 0.36 (m, 2 H) 0.54 — 0.68 (m, 2 H) 1.10 — 1.21 (m, 1 H) 3.12 - 3.15
(m, 2 H) 6.54 — 6.67 (m, 1 H) 6.80 (d, J=8.6 Hz, 1 H) 7.39 (t, /= 7.6 Hz, 1 H) 7.96 — 8.26 (m,
2 H)

tert-Butyl 3-((2-nitrophenyl)amino)azetidine-1-carboxylate, 4.125:

Method as for 4.123, using the following reagents: 1-fluoro-2-nitrobenzene 3.26 (0.187 ml,
1.772 mmol), tert-butyl 3-aminoazetidine-1-carboxylate (0.834 ml, 5.32 mmol), DIPEA (0.928
ml, 532 mmol) and THF (2 ml). The final product was: tert-butyl 3-((2-
nitrophenyl)amino)azetidine-1-carboxylate 4.125 (269 mg, 0.917 mmol, 52% yield) as a yellow
oil.

LCMS (formic acid): rt = 1.14 min, (M-fBu)H" = 238
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'"H NMR (CDCly): 6 1.47 (s, 9 H) 3.85 — 3.94 (m, 2 H) 4.29 — 4.44 (m, 3 H) 6.50 — 6.58 (m, 1
H) 6.73 — 6.81 (m, 1 H) 7.44 —7.50 (m, 1 H) 8.15 — 8.24 (m, 2 H)

tert-Butyl 3-(2-(5-methyl-6-0x0-1.6-dihydropyridin-3-y1)-1H-benzo[d]imidazol-1-yl)azetidine-

1-carboxylate, 4.126:

tert-Butyl 3-((2-nitrophenyl)amino)azetidine-1-carboxylate 4.125 (135 mg, 0.460 mmol), 5-
methyl-6-0x0-1,6-dihydropyridine-3-carbaldehyde 3.25 (63.1 mg, 0.460 mmol) and sodium
hydrosulfite (240 mg, 1.381 mmol) were dissolved in ethanol (3 ml) and water (1.5 ml), and
heated under microwave conditions at 100 °C for 5 hours. Saturated aqueous sodium
bicarbonate solution (30 ml) was added, followed by EtOAc (30 ml). The layers were separated
and the aqueous phase extracted using EtOAc (2 x 30 ml). The organic layers were combined,
dried over magnesium sulfate, and the solvent removed. The residue was then purified by SPE
(silica) using 0 — 10% MeOH in DCM. The appropriate fractions were combined and the
solvent removed to give tert-butyl 3-(2-(5-methyl-6-oxo-1,6-dihydropyridin-3-yl)-1H-
benzo[d]imidazol-1-yl)azetidine-1-carboxylate 4.126 (84 mg, 0.221 mmol, 48% yield) as a
colourless oil.

LCMS (formic acid): rt = 0.80 min, MH" = 381

"H NMR (CDCls): 6 1.53 (s, 9 H) 2.26 (s, 3 H) 4.47 — 4.52 (m, 2 H) 4.62 — 4.66 (m, 2 H) 5.29 —
5.41 (m, 1 H) 7.36 — 7.38 (m, 2 H) 7.44 — 7.66 (m, 2 H) 7.75 — 7.92 (m, 2 H)

1-Methyl-N-(2-nitrophenylDpiperidin-3-amine, 4.127:

1-Fluoro-2-nitrobenzene 3.26 (0.075 ml, 0.709 mmol) was added to a mixture of 1-
methylpiperidin-3-amine dihydrochloride (398 mg, 2.126 mmol) and DIPEA (0.371 ml, 2.126
mmol) in THF (2 ml). The reaction mixture was heated under microwave conditions at 120 °C
for a total of 5.5 hours, followed by 130 °C for 5 hours. THF (1 ml) was added to the reaction
mixture and it was heated under microwave conditions at 130 °C for 10 hours. The reaction
mixture was partitioned between DCM (15 ml) and saturated aqueous sodium bicarbonate
solution (15 ml) and the layers were separated. The aqueous layer was further extracted with
DCM (2 x 15 ml) and the combined organic layers were dried and evaporated under reduced
pressure. The sample was loaded in DCM and purified by SPE (silica, 10 g) using a gradient of
0 — 7% MeOH in DCM. The appropriate fractions were combined and evaporated under
reduced pressure to give the required product 1-methyl-N-(2-nitrophenyl)piperidin-3-amine
4.127 (54.3 mg, 0.231 mmol, 33% yield) as an orange oil.

LCMS (formic acid): rt = 0.56 min, MH" = 236
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'"H NMR (d-DMSO): § 1.44 — 1.56 (m, 1 H) 1.57 — 1.66 (m, 3 H) 2.07 — 2.19 (m, 1 H) 2.21 (s,
3 H) 2.43 —2.49 (m, 3 H) 3.85 — 3.99 (m, 1 H) 6.67 (ddd, J=8.5, 7.0, 1.1 Hz, 1 H) 7.09 (d, J =
8.6 Hz, 1 H) 7.50 — 7.55 (m, 1 H) 8.07 (dd, J= 8.6, 1.5 Hz, 1 H) 8.29 — 8.45 (m, 1 H)

N-((1-Methylpiperidin-4-yl)methyl)-2-nitroaniline, 4.128:
(1-Methylpiperidin-4-yl)methanamine (273 mg, 2.126 mmol) and DIPEA (0.371 ml, 2.126
mmol) were added to a solution of 1-fluoro-2-nitrobenzene 3.26 (0.075 ml, 0.709 mmol) in THF

(3 ml) and the reaction mixture was heated under microwave conditions to 120 °C for 30 min.
The reaction mixture was partitioned between DCM (15 ml) and saturated aqueous sodium
bicarbonate solution (15 ml) and the layers were separated. The aqueous layer was extracted
with DCM (3 x 15 ml) and the combined organic layers were dried and evaporated under
reduced pressure to give an orange solid. The sample was loaded in DCM and purified by SPE
(silica, 10 g) using a gradient of 2 — 12% MeOH in DCM. The appropriate fractions were
combined and evaporated under reduced pressure to give the required product N-((1-
methylpiperidin-4-yl)methyl)-2-nitroaniline 4.128 (170.2 mg, 0.683 mmol, 96% yield) as an
orange solid.

LCMS (formic acid): rt = 0.61 min, MH" = 250

'H NMR (de-DMSO): 6 1.20 — 1.31 (m, 2 H) 1.52 — 1.64 (m, 1 H) 1.68 (d, J = 13.2 Hz, 2 H)
1.78 =1.90 (m, 2 H) 2.15 (s, 3 H) 2.78 (d, J=11.5 Hz, 2 H) 3.26 (t, /= 6.2 Hz, 2 H) 6.67 (ddd,
J=285,70,1.1Hz 1 H) 7.07 (d, J= 8.6 Hz, 1 H) 7.49 — 7.56 (m, 1 H) 8.05 (dd, J = 8.6, 1.7
Hz, 1 H) 8.15-8.19 (m, 1 H)

N-((1-Methylpiperidin-3-yl)methyl)-2-nitroaniline, 4.129:
(1-Methylpiperidin-3-yl)methanamine (273 mg, 2.126 mmol) and DIPEA (0.371 ml, 2.126
mmol) were added to a solution of 1-fluoro-2-nitrobenzene 3.26 (0.075 ml, 0.709 mmol) in THF

(2 ml) and the reaction mixture was heated under microwave conditions at 120 °C for 30 min.
The reaction mixture was partitioned between DCM and saturated aqueous sodium bicarbonate
solution and the layers were separated. The aqueous layer was further extracted with DCM and
the combined organic layers were dried and evaporated under reduced pressure. The sample was
loaded in cyclohexane and purified by SPE (silica, 10 g) using a gradient of 0 — 7% MeOH in
DCM. The appropriate fractions were combined and evaporated under reduced pressure to give
the crude product N-((1-methylpiperidin-3-yl)methyl)-2-nitroaniline 4.129 (159.7 mg, 0.641
mmol, 90% yield) as an orange oil.

LCMS (formic acid): rt = 0.59 min, MH" = 250

265



CONFIDENTIAL — PROPERTY OF GSK— DO NOT COPY

'"H NMR (d5-MeOD): 6 1.02 — 1.16 (m, 1 H) 1.54 — 1.69 (m, 1 H) 1.71 — 1.80 (m, 1 H) 1.83 —
1.91 (m, 2 H) 1.97 — 2.07 (m, 2 H) 2.28 (s, 3 H) 2.77 — 2.87 (m, 1 H) 2.89 — 2.97 (m, 1 H) 3.26
~3.29 (m, 2 H) 6.63 - 6.69 (m, 1 H) 7.01 (d, J= 8.8 Hz, 1 H) 7.46 — 7.51 (m, 1 H) 8.12 (dd, J =
8.6, 1.5 Hz, 1 H), 8.16 (br.s, 1 H)

N-((4-Methylmorpholin-2-yl)methyl)-2-nitroaniline, 4.130:

Method as for 4.129, using the following reagents: (4-methylmorpholin-2-yl)methanamine (277
mg, 2.126 mmol), DIPEA (0.371 ml, 2.126 mmol), 1-fluoro-2-nitrobenzene 3.26 (0.075 ml,
0.709 mmol) and THF (2 ml).The final product was: N-((4-methylmorpholin-2-yl)methyl)-2-
nitroaniline 4.130 (169.1 mg, 0.673 mmol, 95% yield) as an orange oil.

LCMS (formic acid): 1t = 0.57 min, MH" = 252

'"H NMR (ds-DMSO): 6 1.83 (dd, J=11.0, 10.0 Hz, 1 H) 1.96 — 2.03 (m, 1 H) 2.18 (s, 3 H) 2.57
—2.62(m, 1 H)2.74 (d,J=11.3 Hz, 1 H) 3.33 —3.40 (m, 1 H) 3.45 - 3.58 (m, 2 H) 3.67 - 3.76
(m, 1 H) 3.81 —=3.86 (m, 1 H) 6.70 (ddd, /=8.5, 7.0, 1.1 Hz, 1 H) 7.08 (d,/=28.1 Hz, 1 H) 7.51
—7.57 (m, 1 H) 8.06 (dd, /=8.6, 1.7 Hz, 1 H) 8.19 (t,J=5.1 Hz, 1 H)

tert-Butyl methyl(2-((2-nitrophenyl)amino)ethyl)carbamate, 4.131:

Method as for 4.123, using the following reagents: 1-fluoro-2-nitrobenzene 3.26 (187 pl, 1.773
mmol), tert-butyl (2-aminoethyl)(methyl)carbamate (951 pl, 5.32 mmol), DIPEA (929 pul, 5.32
mmol) and THF (2 ml). The final product was: fert-butyl methyl(2-((2-
nitrophenyl)amino)ethyl)carbamate 4.131 (491 mg, 1.663 mmol, 94% yield) as a yellow oil.
LCMS (formic acid): rt = 1.16 min, MH" = 296

'H NMR (CDCl;): 6 1.48 (s, 9 H) 2.93 (s, 3 H) 3.43 — 3.53 (m, 2 H) 3.53 — 3.59 (m, 2 H) 6.61 —
6.72 (m, 1 H) 6.88 —7.00 (m, 1 H) 7.41 — 7.50 (m, 1 H) 8.08 — 8.26 (m, 2 H)

tert-Butyl methyl(2-(2-(5-methyl-6-0x0-1,6-dihydropyridin-3-y1)-1 H-benzo[d]imidazol-1-
yDethyl)carbamate, 4.132:

Method as for 4.39, wusing the following reagents: fert-butyl methyl(2-((2-
nitrophenyl)amino)ethyl)carbamate 4.131 (246 mg, 0.833 mmol), 5-methyl-6-o0xo0-1,6-
dihydropyridine-3-carbaldehyde 3.25 (114 mg, 0.833 mmol), sodium hydrosulfite (435 mg,
2.499 mmol), ethanol (3 ml) and water (1.5 ml). The final product was: fert-butyl methyl(2-(2-
(5-methyl-6-0x0-1,6-dihydropyridin-3-yl)-1H-benzo[d]imidazol-1-yl)ethyl)carbamate 4.132
(182 mg, 0.476 mmol, 57% yield) as a colourless oil.

LCMS (formic acid): rt = 0.70 min, MH" = 383
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'"H NMR (ds-DMSO, 393 K): & 1.15 (s, 9 H) 2.08 (s, 3 H) 2.51 (s, 3 H) 3.48 (t, /= 6.1 Hz, 2 H)
438 (t,J=6.1 Hz, 2 H) 7.17 — 7.25 (m, 2 H) 7.51 (d, J= 7.3 Hz, 1 H) 7.58 — 7.64 (m, 3 H)
11.26 — 11.55 (br.s, 1 H)

tert-Butyl methyl(3-((2-nitrophenyl)amino)propyl)carbamate, 4.133:

Method as for 4.123, using the following reagents: 1-fluoro-2-nitrobenzene 3.26 (0.187 ml,
1.772 mmol), tert-butyl (3-aminopropyl)(methyl)carbamate (1001 mg, 5.32 mmol), DIPEA
(0.928 ml, 5.32 mmol) and THF (2 ml). The final product was: tert-butyl methyl(3-((2-
nitrophenyl)amino)propyl)carbamate 4.133 (504 mg, 1.629 mmol, 92% yield) as a yellow oil.
LCMS (formic acid): rt = 1.21 min, MH" = 310

"H NMR (CDCls): 6 1.45 (s, 9 H) 1.95 (quin, J = 7.0 Hz, 2 H) 2.89 (s, 3 H) 3.31 — 3.43 (m, 4 H)
6.62 —6.69 (m, 1 H) 6.84 (d, /J=8.8 Hz, 1 H) 7.41 — 7.47 (m, 1 H) 7.97 — 8.14 (m, 1 H) 8.18
(dd,J=8.7,1.3 Hz, 1 H)

tert-Butyl methyl(3-(2-(5-methyl-6-0x0-1,6-dihydropyridin-3-y1)-1 H-benzo[d]imidazol-1-

yl)propyl)carbamate, 4.134:

tert-Butyl methyl(3-((2-nitrophenyl)amino)propyl)carbamate 4.133 (252 mg, 0.815 mmol), 5-
methyl-6-oxo0-1,6-dihydropyridine-3-carbaldehyde 3.25 (112 mg, 0.815 mmol) and sodium
hydrosulfite (425 mg, 2.444 mmol) were dissolved in ethanol (3 ml), water (1.5 ml) and heated
under microwave conditions at 100 °C for 5 hours. Saturated aqueous sodium bicarbonate
solution (30 ml) was added, followed by EtOAc (30 ml). The layers were separated and the
aqueous phase further extracted using EtOAc (2 x 30 ml). The organic layers were combined,
dried over magnesium sulfate and the solvent removed. The residue was purified by SPE (silica)
using a gradient of 0 — 10% MeOH in DCM. The appropriate fractions were combined and the
solvent removed to give tert-butyl methyl(3-(2-(5-methyl-6-0x0-1,6-dihydropyridin-3-yl)-1H-
benzo[d]imidazol-1-yl)propyl)carbamate 4.134 (174 mg, 0.439 mmol, 54% yield) as a
colourless oil.

LCMS (formic acid): rt = 0.75 min, MH" = 397

"H NMR (CDCl): 6 1.43 (s, 9 H) 2.00 — 2.11 (m, 2 H) 2.27 (s, 3 H) 2.86 (s, 3 H) 3.30 (br. s., 2
H)4.20-4.33 (m,2 H) 7.29 - 7.42 (m, 3 H) 7.69 — 7.85 (m, 3 H) 12.47 — 12.94 (br.s, 1 H)

N1-Dimethyl-N2-(2-nitrophenyl)ethane-1.2-diamine, 4.135:
N1,N1-Dimethylethane-1,2-diamine (233 ul, 2.134 mmol), 1-fluoro-2-nitrobenzene 3.26 (75 pl,
0.711 mmol) and DIPEA (373 pl, 2.134 mmol) were dissolved in THF (2 ml) and heated under

microwave conditions at 120 °C for 30 min. Saturated aqueous sodium bicarbonate solution was

added, followed by DCM. The layers were separated and the aqueous phase extracted using
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DCM. The organic layers were combined, dried over magnesium sulfate, and the solvent
removed. The yellow residue was then purified by SPE (silica) using a gradient of 0 — 10%
MeOH in DCM. The appropriate fractions were combined and the solvent removed to give
N1,N1-dimethyl-N2-(2-nitrophenyl)ethane-1,2-diamine 4.135 (149 mg, 0.712 mmol, 100%
yield) as a yellow oil.

LCMS (formic acid): rt = 0.45 min, MH" =210

'H NMR (CDCls): 6 2.29 (s, 6 H) 2.61 (t,J = 6.2 Hz, 2 H) 3.30 — 3.35 (m, 2 H) 6.57 — 6.63 (m,
1 H) 6.81(d,J=8.8Hz, 1 H) 7.36 —7.46 (m, 1 H) 8.13 (dd, J= 8.6, 1.5 Hz, 1 H) 8.23 — 8.37
(br.s., 1 H)

N1.N1-Dimethyl-N3-(2-nitrophenyl)propane-1,3-diamine, 4.136:

Method as for 4.135, using the following reagents: 1-fluoro-2-nitrobenzene 3.26 (75 pl, 0.711
mmol), N1,N1-dimethylpropane-1,3-diamine (268 pl, 2.134 mmol), DIPEA (373 ul, 2.134
mmol) and THF (2 ml). The final product was: N1,N1-dimethyl-N3-(2-nitrophenyl)propane-1,3-
diamine 4.136 (156 mg, 0.699 mmol, 98% yield) as a yellow oil.

LCMS (formic acid): rt = 0.53 min, MH" = 224

'H NMR (CDCl;): 6 1.84 — 1.92 (m, 2 H) 2.27 (s, 6 H) 2.44 (t, J = 6.7 Hz, 2 H) 3.36 — 3.42 (m,
2 H) 6.59 -6.65 (m, 1 H) 6.88 (d,/J=8.6 Hz, 1 H) 7.37 — 7.48 (m, 1 H) 8.17 (d, /= 8.6 Hz, 1
H) 8.35-8.52 (br.s., 1 H)

N-Methyl-3-((2-nitrophenyl)amino)propanamide, 4.137:

1-Fluoro-2-nitrobenzene 3.26 (75 ul, 0.711 mmol), 3-amino-N-methylpropanamide (515 ul,
2.134 mmol) and DIPEA (373 pl, 2.134 mmol) were dissolved in THF (2 ml) and heated under
microwave conditions at 120 °C for 30 min. Saturated aqueous sodium bicarbonate solution (15
ml) was added, followed by EtOAc (15 ml). The layers were separated and the aqueous phase
further extracted using EtOAc (2 x 15 ml). The organic layers were combined, dried over
magnesium sulfate, and the solvent removed. The yellow residue was then purified by SPE
(silica) using a gradient of 0 — 5% MeOH in DCM. The appropriate fractions were combined
and the solvent removed to give N-methyl-3-((2-nitrophenyl)amino)propanamide 4.137 (106
mg, 0.475 mmol, 67 % yield) as a yellow oil.

LCMS (formic acid): rt = 0.69 min, MH" = 224

"H NMR (CDCl3): 6 2.56 (t, J = 6.6 Hz, 2 H) 2.85 (d, J=4.7 Hz, 3 H) 3.70 (q, J/ = 6.6 Hz, 1 H)
5.45-5.64 (br.s,, 1 H) 6.62—-6.73 (m, 1 H) 6.93 (d,/=8.1 Hz, 1 H) 7.43 —7.49 (m, 1 H) 8.12
—8.21 (m, 2 H)
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N-(3-((2-Nitrophenyl)amino)propyl)acetamide, 4.138:

Method as for 4.137, using the following reagents: 1-fluoro-2-nitrobenzene 3.26 (75 pl, 0.711
mmol), N-(3-aminopropyl)acetamide (105 pl, 2.134 mmol), DIPEA (373 pl, 2.134 mmol) and
THF (2 ml). The final product was: N-(3-((2-nitrophenyl)amino)propyl)acetamide 4.138 (148
mg, 0.624 mmol, 88% yield) as a yellow oil.

LCMS (formic acid): rt = 0.74 min, MH" = 238

'H NMR (CDCl5): § 1.92 — 1.99 (m, 2 H) 2.01 (s, 3 H) 3.35 — 3.46 (m, 4 H) 5.63 — 5.77 (br.s., 1
H) 6.63 — 6.69 (m, 1 H) 6.85 (d, J=8.8 Hz, 1 H) 7.42 — 7.47 (m, 1 H) 8.05 - 8.13 (br.s, 1 H)
8.18 (dd, J=8.6, 1.5 Hz, 1 H)

N-(2-((2-Nitrophenyl)amino)ethyl)acetamide, 4.139:

Method as for 4.137, using the following reagents: 1-fluoro-2-nitrobenzene 3.26 (75 pl, 0.711
mmol), N-(2-aminoethyl)acetamide (204 pl, 2.134 mmol), DIPEA (373 pl, 2.134 mmol) and
THF (2 ml). The final product was: N-(2-((2-nitrophenyl)amino)ethyl)acetamide 4.139 (68 mg,

0.305 mmol, 43% yield) as a yellow oil.

LCMS (high pH): rt = 0.72 min, MH" = 224

"H NMR (CDCL): § 2.01 (s, 3 H) 3.47 — 3.601 (m, 4 H) 5.73 —5.91 (m, 1 H) 6.63 — 6.72 (m, 1
H) 6.98 (d,/=8.6 Hz, 1 H) 7.43 — 7.49 (m, 1 H) 8.10 — 8.20 (m, 2 H)

2-Nitro-N-((tetrahydrofuran-3-yl)methyl)aniline, 4.140:
1-Fluoro-2-nitrobenzene 3.26 (0.075 ml, 0.709 mmol), (tetrahydrofuran-3-yl)methanamine (215
mg, 2.126 mmol) and DIPEA (0.371 ml, 2.126 mmol) were dissolved in tetrahydrofuran (2 ml)

and heated under microwave conditions at 120 °C for 30 min. Saturated aqueous sodium
bicarbonate solution (15 ml) was added, followed by EtOAc (15 ml). The layers were separated
and the aqueous phase further extracted using EtOAc (2 x 15 ml). The organic layers were
combined, dried over magnesium sulfate, and the solvent removed. The orange residue was then
purified by SPE (silica) using a gradient of 5 — 40% EtOAc in cyclohexane. The appropriate
fractions were combined and the solvent removed to give 2-nitro-N-((tetrahydrofuran-3-
yl)methyl)aniline 4.140 (139 mg, 0.625 mmol, 88% yield) as an orange oil.

LCMS (formic acid): rt = 0.94 min, MH" = 223

"H NMR (CDCls): 6 1.70 — 1.79 (m, 1 H) 2.13 —2.24 (m, 1 H) 2.63 —2.73 (m, 1 H) 3.27 — 3.39
(m, 2 H) 3.67 (dd, J=8.9,5.0 Hz, 1 H) 3.77 —3.85 (m, 1 H) 3.88 —4.01 (m, 2 H) 6.68 (ddd, J =
8.4,7.0,1.2Hz,1H)6.87(d,J=8.8Hz | H) 7.42 - 7.50 (m, 1 H) 8.05 - 8.17 (br.s., 1 H) 8.20
(dd, J=8.7,1.6 Hz, 1 H)
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2-Nitro-N-((tetrahydrofuran-2-yl)methylaniline. 4.141:

1-Fluoro-2-nitrobenzene 3.26 (0.075 ml, 0.709 mmol), (tetrahydrofuran-2-yl)methanamine
(0.217 ml, 2.126 mmol) and DIPEA (0.371 ml, 2.126 mmol) were dissolved in THF (2 ml) and
heated under microwave conditions at 120 °C for 30 min. Saturated aqueous sodium
bicarbonate solution (15 ml) was added, followed by EtOAc (15 ml). The layers were separated
and the aqueous phase further extracted using EtOAc (2 x 15 ml). The organic layers were
combined, dried over magnesium sulfate, and the solvent removed. The orange residue was then
purified by SPE (silica) using a gradient of 0 — 50% EtOAc in cyclohexane. The appropriate

fractions were combined and the solvent removed to give 2-nitro-N-((tetrahydrofuran-2-

yl)methyl)aniline 4.141 (154 mg, 0.693 mmol, 98% yield) as an orange oil.

LCMS (formic acid): rt = 1.02 min, MH" = 223

"H NMR (CDCl;): 0 1.67 — 1.78 (m, 1 H) 1.91 —2.03 (m, 2 H) 2.04 —2.14 (m, 1 H) 3.33 —3.41
(m, 1 H) 3.43 —3.50 (m, 1 H) 3.78 — 3.87 (m, 1 H) 3.93 —4.01 (m, 1 H) 4.17 — 4.25 (m, 1 H)
6.65 (ddd, /=8.5,7.2, 1.2 Hz, 1 H) 6.89 (d, /= 8.1 Hz, 1 H) 7.39 — 7.47 (m, 1 H) 8.18 (dd, J =
8.7, 1.6 Hz, 1 H) 8.23 (br.s., 1 H)

To a solution of 1-fluoro-2-nitrobenzene 3.26 (0.075 ml, 0.709 mmol) in THF (1.5 ml) was
added (tetrahydro-2H-pyran-4-yl)methanamine (245 mg, 2.126 mmol) and DIPEA (0.371 ml,
2.126 mmol). The reaction mixture was heated under microwave conditions to 120 °C for 20
min. The reaction mixture was partitioned between DCM (2 x 10 ml) and saturated aqueous
sodium bicarbonate solution (10 ml). The organic layers were combined, dried using a
hydrophobic frit and blown down under a stream of nitrogen. The sample was loaded in DCM
and purified by SPE (silica, 10 g) using a gradient of 0 — 15% EtOAc in cyclohexane. The
appropriate fractions were combined and blown down under a stream of nitrogen to give the
required product 2-nitro-N-((tetrahydro-2H-pyran-4-yl)methyl)aniline 4.142 (154 mg, 0.652
mmol, 92% yield) as an orange oil.

LCMS (high pH): rt = 1.05 min, MH" = 237

'H NMR (de-DMSO): § 1.20 — 1.34 (m, 2 H) 1.63 (dd, J = 12.9, 1.8 Hz, 2 H) 1.83 — 1.97 (m, 1
H) 3.23 - 3.30 (m, 4 H) 3.86 (dd, J=11.2, 2.9 Hz, 2 H) 6.68 (ddd, J = 8.5, 7.0, 1.1 Hz, 1 H)
7.10 (d,J=8.1 Hz, 1 H) 7.46 — 7.58 (m, 1 H) 8.06 (dd, /= 8.6, 1.5 Hz, 1 H) 8.18 (t,J= 5.4 Hz,
1 H)

2-Nitro-N-((tetrahydro-2H-pyran-3-yl)methyl)aniline, 4.143:
To a solution of 1-fluoro-2-nitrobenzene 3.26 (0.037 ml, 0.354 mmol) in THF (0.5 ml) was
added (tetrahydro-2H-pyran-3-yl)methanamine (122 mg, 1.063 mmol) and DIPEA (0.186 ml,
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1.063 mmol), and the reaction mixture heated under microwave conditions at 120 °C for 30 min.
The reaction mixture was partitioned between DCM (3 x 10 ml) and saturated aqueous sodium
bicarbonate solution (10 ml). The organic layers were combined, dried using a hydrophobic frit
and blown down under a stream of nitrogen to give an orange solid. The sample was loaded in
DCM and purified by SPE (silica, 10 g) using a gradient of 0 — 10 % (2 M ammonia in MeOH)
in DCM. The appropriate fractions were combined and blown down a stream of nitrogen to give
the required product 2-nitro-N-((tetrahydro-2 H-pyran-3-yl)methyl)aniline 4.143 (69 mg, 0.292
mmol, 82% yield) as an orange solid.

LCMS (high pH): rt = 1.08 min, MH" = 237

'H NMR (ds-DMSO): 6 1.26 — 1.35 (m, 1 H) 1.42 — 1.53 (m, 1 H) 1.55 — 1.66 (m, 1 H) 1.77 —
1.99 (m, 2 H) 3.1. — 3.41 (m, partially obscured by solvent peak) 3.66 — 3.75 (m, 1 H) 3.75 —
3.86 (m, 1 H) 6.68 (dd, J=8.3, 7.1 Hz, 1 H) 7.07 (d, /= 8.6 Hz, 1 H) 7.46 — 7.58 (m, 1 H) 8.06
(dd, J=8.6,1.5Hz, 1 H) 8.10-8.16 (m, 1 H).

2-Nitro-N-((tetrahydro-2 H-pyran-2-yl)methyl)aniline, 4.144:

Method as for 4.143, using the following reagents: 1-fluoro-2-nitrobenzene 3.26 (0.037 ml,
0.354 mmol), (tetrahydro-2H-pyran-2-yl)methanamine (122 mg, 1.063 mmol), DIPEA (0.186
ml, 1.063 mmol), and THF (0.5 ml). The final product was: 2-nitro-N-((tetrahydro-2 H-pyran-2-
yl)methyl)aniline 4.144 (67 mg, 0.284 mmol, 80% yield) as an orange gum.

LCMS (high pH): 1t = 1.18 min, MH" = 237

"H NMR (ds-DMSO): 6 1.23 — 1.37 (m, 1 H) 1.42 — 1.56 (m, 3 H) 1.60 — 1.70 (m, 1 H) 1.78 —
1.84 (m, 1 H) 3.23 - 3.29 (m, 1 H) 3.35-3.50 (m, 2 H) 3.52 - 3.59 (m, 1 H) 3.85 —4.00 (m, 1
H) 6.69 (ddd, J=8.5,7.1, 1.1 Hz, 1 H) 7.07 (dd, /= 7.8, 1.0 Hz, 1 H) 7.46 — 7.59 (m, 1 H) 8.06
(dd, J=8.6,1.5Hz, 1 H) 8.20 (t, /=4.7 Hz, 1 H).

N-(2-Nitrophenyl)tetrahydro-2 H-pyran-4-amine, 4.145:
1-Fluoro-2-nitrobenzene 3.26 (0.075 ml, 0.709 mmol) was added to THF (2 ml), and to this
solution tetrahydro-2H-pyran-4-amine (0.310 ml, 2.126 mmol) and DIPEA (0.371 ml, 2.126

mmol) were added. The reaction mixture was heated under microwave conditions at 120 °C for
a total of 45 min. DCM (10 ml) and saturated aqueous sodium bicarbonate solution (10 ml)
were added and the layers were separated. The aqueous layer was further extracted with DCM
(2 x 10 ml) and the organic layers were combined, dried and evaporated under reduced pressure.
The sample was purified by SPE (silica, 10 g) using a gradient of 10 — 20% EtOAc in
cyclohexane. The appropriate fractions were combined and evaporated under reduced pressure
to give the required product N-(2-nitrophenyl)tetrahydro-2H-pyran-4-amine 4.145 (156.7 mg,
0.705 mmol, 99 % yield) as an orange solid.
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LCMS (formic acid): rt = 0.96 min, MH" = 223

'H NMR (dg-DMSO): § 1.46 — 1.66 (m, 2 H) 1.90 — 2.03 (m, 2 H) 3.49 (td, J = 11.5, 2.2 Hz, 2
H) 3.83 —3.92 (m, 3 H) 6.70 (ddd, J = 8.5, 7.2, 1.2 Hz, 1 H) 7.18 (d, J = 8.6 Hz, 1 H) 7.47 —
7.59 (m, 1 H) 7.92 (d, /= 7.3 Hz, 1 H) 8.08 (dd, /= 8.6, 1.5 Hz, 1 H)

N-(2-Methoxyethyl)-2-nitroaniline, 4.146:

Method as for 4.143, using the following reagents: 1-fluoro-2-nitrobenzene 3.26 (0.075 ml,
0.709 mmol), 2-methoxyethanamine (0.185 ml, 2.126 mmol), DIPEA (0.371 ml, 2.126 mmol),
and THF (1 ml). The final product was: N-(2-methoxyethyl)-2-nitroaniline 4.146 (126 mg,
0.642 mmol, 91% yield) as an orange gum.

LCMS (high pH): rt = 0.97 min, MH" = 296

'H NMR (ds-DMSO): 6 3.31 (s, 3 H) 3.47 — 3.56 (m, 2 H) 3.55 — 3.65 (m, 2 H) 6.67 — 6.72 (m,
1 H) 7.09 (d, J=8.8 Hz, 1 H) 7.52 - 7.57 (m, 1 H) 8.07 (dd, J= 8.6, 1.5 Hz, 1 H) 8.11 — 8.22
(m, 1 H).

N-(1-Methoxypropan-2-y1)-2-nitroaniline, 4.147:
1-Fluoro-2-nitrobenzene 3.26 (0.075 ml, 0.709 mmol) was added to THF (2 ml) and to this
solution 1-methoxypropan-2-amine (0.224 ml, 2.126 mmol) and DIPEA (0.371 ml, 2.126

mmol) were added. The mixture was heated under microwave conditions at 120 °C for a total of
2 hours 10 min. DCM (10 ml) and saturated aqueous sodium bicarbonate solution (10 ml) were
added and the layers were separated. The aqueous layer was further extracted with DCM (2 x 10
ml) and the organic layers were combined, dried, and evaporated under reduced pressure. The
sample was purified by SPE (silica, 10 g) using a gradient of 0 — 10% EtOAc in cyclohexane.
The appropriate fractions were combined and evaporated under reduced pressure to give the
required product N-(1-methoxypropan-2-yl)-2-nitroaniline 4.147 (141.8 mg, 0.675 mmol, 95%
yield) as an orange oil.

LCMS (formic acid): rt = 1.05 min, MH" = 211

'H NMR (de-DMSO): § 1.23 (d, J = 6.6 Hz, 3 H) 3.32 (s, 3 H) 3.48 (d, J= 4.6 Hz, 2 H) 3.97 —
4.10 (m, 1 H) 6.66 — 6.72 (m, 1 H) 7.13 (d, /= 8.6 Hz, 1 H) 7.51 — 7.57 (m, 1 H) 8.05 — 8.12
(m, 2 H)

3-((2-Nitrophenyl)amino)propan-1-ol, 4.148:

1-Fluoro-2-nitrobenzene 3.26 (0.075 ml, 0.709 mmol), 3-aminopropan-1-ol (0.163 ml, 2.126
mmol) and DIPEA (0.371 ml, 2.126 mmol) were dissolved in THF (2 ml) and heated under
microwave conditions at 120 °C for 30 min. Saturated aqueous sodium bicarbonate (15 ml) was

added, followed by EtOAc (15 ml). The layers were separated and the aqueous phase further
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extracted using EtOAc (2 x 15 ml). The organic layers were combined, dried over magnesium
sulfate, and the solvent removed. The orange residue was then purified by SPE (silica) using a
gradient of 15 — 60% EtOAc in cyclohexane. The appropriate fractions were combined and the
solvent removed to give 3-((2-nitrophenyl)amino)propan-1-ol 4.148 (116 mg, 0.591 mmol, 83%
yield) as an orange oil.

LCMS (formic acid): rt = 0.77 min, MH" = 197

'H NMR (CDCl;): 6 1.99 (quin, J = 6.4 Hz, 2 H) 3.41 — 3.52 (m, 2 H) 3.79 — 3.90 (m, 2 H) 6.64
(ddd, J=8.5,7.2,1.2 Hz, 1 H) 6.89 (d, J= 8.6 Hz, 1 H) 7.40 — 7.48 (m, 1 H) 8.16 — 8.23 (m,
2H)

2-((2-Nitrophenyl)amino)ethanol, 4.149:

Method as for 4.148, using the following reagents: 1-fluoro-2-nitrobenzene 3.26 (74.7 ul, 0.709
mmol), 2-aminoethanol (127 pl, 2.121 mmol), DIPEA (371 pl, 2.126 mmol) and THF (2 ml).
The final product was: 2-((2-nitrophenyl)amino)ethanol 4.149 (127 mg, 0.697 mmol, 98 %

yield) as an orange solid.

LCMS (formic acid): rt = 0.71 min, MH" = 183

'H NMR (CDCly): 6 1.67 (t,J= 5.3 Hz, 1 H) 3.53 (q,J= 5.5 Hz, 2 H) 3.96 (q, J = 5.3 Hz, 2 H)
6.69 (ddd, J=8.6,7.1,1.2 Hz, 1 H) 6.91 (d, /= 8.6 Hz, | H) 7.43 — 7.48 (m, 1 H) 8.18 — 8.27
(m, 2 H)

2-((2-Nitrophenyl)amino)propan-1-ol, 4.150:

Method as for 4.148, using the following reagents: 1-fluoro-2-nitrobenzene 3.26 (0.075 ml,
0.709 mmol), 2-aminopropan-1-ol (160 mg, 2.126 mmol), DIPEA (0.371 ml, 2.126 mmol) and
THF (2 ml). The final product was: 2-((2-nitrophenyl)amino)propan-1-ol 4.150 (122 mg, 0.622
mmol, 88% yield) as an orange oil.

LCMS (formic acid): rt = 0.81 min, MH" = 197

'"H NMR (CDCLs): 6 1.34 (d, J= 6.6 Hz, 3 H) 1.70 (dd, J = 6.1, 5.1 Hz, 1 H) 3.66 — 3.82 (m, 2
H) 3.82 - 3.98 (m, 1 H) 6.65 (ddd, /= 8.4, 7.0, 1.2 Hz, 1 H) 6.95 (d, J = 8.6 Hz, 1 H) 7.37 —
7.47 (m, 1 H) 8.00—8.12 (m, 1 H) 8.19 (dd, /= 8.7, 1.6 Hz, 1 H)
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Chapter 5

(S)-Cyclopentyl  2-(((2-(5-methyl-6-0x0-1.6-dihydropyridin-3-y1)-1-((tetrahydro-2 H-pyran-4-

yDmethyl)-1H-benzo[d]imidazol-5-yl)methyl)amino)propanoate, 5.01:
2-(5-Methyl-6-0x0-1,6-dihydropyridin-3-yl)-1-((tetrahydro-2 H-pyran-4-yl)methyl)-1 H-
benzo[d]imidazole-5-carbaldehyde 5.19 (200 mg, 0.569 mmol), and (S)-cyclopentyl 2-

aminopropanoate 4-methylbenzenesulfonate 5.23 (375 mg, 1.138 mmol) were stirred together in
DCM (10 ml) under nitrogen for 15 minutes. Sodium triacetoxyborohydride (241 mg, 1.138
mmol) was added and the reaction mixture was stirred under nitrogen overnight. The reaction
mixture was partitioned between DCM and saturated aqueous sodium bicarbonate solution. The
combined organic layers were dried using a hydrophobic frit, and evaporated under reduced
pressure. The crude sample was dissolved in DMSO and purified by MDAP (high pH). The
solvent was evaporated to give the required product (S)-cyclopentyl 2-(((2-(5-methyl-6-0x0-1,6-
dihydropyridin-3-yl)-1-((tetrahydro-2 H-pyran-4-yl)methyl)-1H-benzo[d]imidazol-5-
yl)methyl)amino)propanoate 5.01 (175.8 mg, 0.357 mmol, 63% yield) as a white solid.

LCMS (high pH): rt = 0.94 min, MH" = 493

'H NMR (de-DMSO, 293 K): 6 1.08 — 1.29 (m, 7 H) 1.49 — 1.73 (m, 6 H) 1.75 — 1.89 (m, 2 H)
1.89 —2.01 (m, 1 H) 2.07 (s, 3 H) 2.23 —2.45 (m, 1 H) 3.06 — 3.15 (m, 2 H) 3.17 — 3.26 (m, 1
H)3.64-3.77 (m,3 H) 3.82 (d,/=13.0 Hz, 1 H) 4.20 (d,/J=7.3 Hz, 2 H) 5.04 - 5.14 (m, 1 H)
7.20 (dd,J=8.3,1.5Hz, 1 H) 7.50 (s, 1 H) 7.58 (d, J=8.3 Hz, 1 H) 7.70 — 7.75 (m, 2 H) 11.68
—12.22 (br.s., 1 H)

(S)-Cyclopentyl  2-(((2-(5-methyl-6-0x0-1,6-dihydropyridin-3-vy1)-1-((tetrahydro-2 H-pyran-4-
yl)methyl)-1H-benzo[d]imidazol-5-yl)methyl)amino)butanoate, 5.02:

Method as for 5.01, using the following reagents: 2-(5-methyl-6-oxo-1,6-dihydropyridin-3-yl)-
1-((tetrahydro-2 H-pyran-4-yl)methyl)-1 H-benzo[d]imidazole-5-carbaldehyde 5.19 (130 mg,
0.370 mmol), (S)-cyclopentyl 2-aminobutanoate 4-methylbenzenesulfonate 5.29 (254 mg, 0.740
mmol), sodium triacetoxyborohydride (157 mg, 0.740 mmol) and DCM (5 ml). The reaction
time was 5 hours. The final product was: (S)-cyclopentyl 2-(((2-(5-methyl-6-oxo0-1,6-
dihydropyridin-3-yl)-1-((tetrahydro-2 H-pyran-4-yl)methyl)-1 H-benzo[d]imidazol-5-
yl)methyl)amino)butanoate 5.02 (112.2 mg, 0.221 mmol, 60% yield) as a white solid.

LCMS (high pH): rt = 1.02 min, MH" = 507
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'"H NMR (dg-DMSO, 293 K): 6 0.86 (t, J = 7.3 Hz, 3 H) 1.09 — 1.28 (m, 4 H) 1.50 — 1.71 (m, 8
H) 1.76 — 1.89 (m, 2 H) 1.90 — 2.00 (m, 1 H) 2.07 (s, 3 H) 3.05 (t, J = 6.6 Hz, 1 H) 3.07 - 3.16
(m, 2 H) 3.66 (d, J=13.2 Hz, 1 H) 3.69 — 3.78 (m, 2 H) 3.83 (d, /= 13.2 Hz, 1 H) 4.20 (d, J =
7.3 Hz, 2 H) 5.07 — 5.14 (m, 1 H) 7.20 (dd, J= 8.3, 1.2 Hz, 1 H) 7.50 (s, 1 H) 7.58 (d, J = 8.3
Hz, 1 H) 7.67 — 7.79 (m, 2 H) 11.71 — 12.03 (br.s., 1 H)

(S)-Cyclopentyl  2-(((2-(5-methyl-6-0x0-1,6-dihydropyridin-3-v1)-1-((tetrahydro-2 H-pyran-4-

yDmethyl)-1H-benzo[d]imidazol-5-yl)methyl)amino)pentanoate, 5.03:
2-(5-Methyl-6-0x0-1,6-dihydropyridin-3-yl)-1-((tetrahydro-2 H-pyran-4-yl)methyl)-1 H-
benzo[d]imidazole-5-carbaldehyde 5.19 (120 mg, 0.341 mmol) and (S)-cyclopentyl 2-

aminopentanoate hydrochloride 5.40 (151 mg, 0.683 mmol) were dissolved in DCM (5 ml) and
triethylamine (0.119 ml, 0.854 mmol) was added. The mixture was stirred under nitrogen for 15
minutes before adding sodium triacetoxyborohydride (145 mg, 0.683 mmol). The reaction
mixture was stirred under nitrogen for 18 hours. The reaction mixture was partitioned between
DCM (15 ml) and saturated aqueous sodium bicarbonate solution (15 ml). The layers were
separated and the aqueous layer was extracted with DCM (3 x 15 ml). The combined organic
layers were dried using a hydrophobic frit. The solvent was removed under reduced pressure
and the crude material was dissolved in DMSO (2 x 1 ml) and purified by MDAP (high pH).
The solvent was evaporated under reduced pressure to give the required product (S)-cyclopentyl
2-(((2-(5-methyl-6-0x0-1,6-dihydropyridin-3-yl)-1-((tetrahydro-2 H-pyran-4-yl)methyl)-1 H-
benzo[d]imidazol-5-yl)methyl)amino)pentanoate 5.03 (141.7 mg, 0.272 mmol, 80% yield) as a
white solid.

LCMS (high pH): rt = 1.09 min, MH" = 521

'H NMR (d¢-DMSO, 293 K): § 0.83 (t, J = 7.2 Hz, 3 H) 1.09 — 1.27 (m, 4 H) 1.32 — 1.39 (m, 2
H) 1.45-1.70 (m, 8 H) 1.75 - 1.89 (m, 2 H) 1.89 — 2.02 (m, 1 H) 2.07 (s, 3 H) 3.05 - 3.17 (m,
3H)3.64(d,/J=13.2Hz, 1H)3.72(d,J=11.0Hz,2H) 3.83 (d,/J=13.2Hz, 1 H) 420 (d, J =
7.3 Hz, 2 H) 5.07 - 5.12 (m, 1 H) 7.20 (d, /= 8.6 Hz, 1 H) 7.50 (s, 1 H) 7.58 (d, /= 8.3 Hz, 1
H)7.71 —7.74 (m, 2 H) 11.74 — 12.02 (br.s., 1 H)

(S)-Cyclopentyl 3-methyl-2-(((2-(5-methyl-6-0x0-1,6-dihydropyridin-3-yl)-1-((tetrahydro-2H-

pyran-4-yl)methyl)-1H-benzo[d]imidazol-5-yl)methyl)amino)butanoate, 5.04:

Method as for 5.01, using the following reagents: 2-(5-methyl-6-oxo-1,6-dihydropyridin-3-yl)-
1-((tetrahydro-2 H-pyran-4-yl)methyl)-1 H-benzo[d]imidazole-5-carbaldehyde 5.19 (200 mg,
0.569 mmol), (S)-cyclopentyl 2-amino-3-methylbutanoate 4-methylbenzenesulfonate 5.30 (407
mg, 1.138 mmol), sodium triacetoxyborohydride (241 mg, 1.138 mmol) and DCM (10 ml). The
reaction time was 2 hours. The final product was: (S)-cyclopentyl 3-methyl-2-(((2-(5-methyl-6-
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oxo-1,6-dihydropyridin-3-yl)-1-((tetrahydro-2 H-pyran-4-yl)methyl)- 1 H-benzo[d|imidazol-5-
yl)methyl)amino)butanoate 5.04 (196.1 mg, 0.377 mmol, 66% yield) as a white solid.

LCMS (high pH): rt = 1.11 min, MH" = 521

'H NMR (ds-DMSO, 293 K): 4 0.86 (d, J = 6.6 Hz, 3 H) 0.90 (d, J = 6.6 Hz, 3 H) 1.08 — 1.29
(m, 4 H) 1.49 - 1.71 (m, 6 H) 1.76 — 1.87 (m, 3 H) 1.89 — 2.01 (m, 1 H) 2.07 (s, 3 H) 2.18 —
2.36 (m, 1 H) 2.81 —2.90 (m, 1 H) 3.07 — 3.15 (m, 2 H) 3.62 (d, J=13.2 Hz, 1 H) 3.67 - 3.77
(m,2 H)3.85(d,J=13.5Hz, 1 H)4.20 (d,/=7.1 Hz,2 H) 5.03 - 5.17 (m, 1l H) 7.19 (dd, J =
83,12 Hz, 1 H) 7.50 (s, 1 H) 7.58 (d, /=83 Hz, 1 H) 7.70 — 7.74 (m, 2 H) 11.72 — 12.02
(br.s., 1 H)

(8)-Cyclopentyl 3-hydroxy-2-(((2-(5-methyl-6-0x0-1.6-dihydropyridin-3-y1)-1-((tetrahydro-2H-

pyran-4-yl)methyl)-1H-benzo[d]imidazol-5-yl)methyl)amino)propanoate, 5.05:

Method as for 5.01, using the following reagents: 2-(5-methyl-6-0xo0-1,6-dihydropyridin-3-yl)-
1-((tetrahydro-2 H-pyran-4-yl)methyl)-1 H-benzo[d]imidazole-5-carbaldehyde 5.19 (200 mg,
0.569 mmol), (S)-cyclopentyl 2-amino-3-hydroxypropanoate 4-methylbenzenesulfonate 5.24
(393 mg, 1.138 mmol), sodium triacetoxyborohydride (241 mg, 1.138 mmol) and DCM (10 ml).
The reaction time was 2 hours. The final product was: (S)-cyclopentyl 3-hydroxy-2-(((2-(5-
methyl-6-oxo0-1,6-dihydropyridin-3-yl)-1-((tetrahydro-2 H-pyran-4-yl)methyl)-1 H-
benzo[d]imidazol-5-yl)methyl)amino)propanoate 5.05 (233.7 mg, 0.459 mmol, 81% yield) as a
white solid.

LCMS (high pH): rt = 0.81 min, MH" = 509

"H NMR (de-DMSO, 293 K): 6 1.09 — 1.27 (m, 4 H) 1.49 — 1.70 (m, 6 H) 1.74 — 1.89 (m, 2 H)
1.89 —2.02 (m, 1 H) 2.07 (s, 3 H) 2.26 — 2.43 (m, 1 H) 3.05 —3.16 (m, 3 H) 3.16 — 3.25 (m, 1
H) 3.54 —3.59 (m, 2 H) 3.67 — 3.75 (m, 3 H) 3.86 (d, /= 13.0 Hz, 1 H) 4.20 (d, /= 7.1 Hz, 2 H)
4.76 (t,J=5.4Hz, 1 H) 5.06 — 5.15 (m, 1 H) 7.20 (dd, /= 8.3, 1.2 Hz, 1 H) 7.51 (s, 1 H) 7.59
(d,/J=8.6Hz, 1 H) 7.71 —7.74 (m, 2 H) 11.65 — 12.02 (br.s., 1 H)

(2S.3R)-Cyclopentyl 3-hydroxy-2-(((2-(5-methyl-6-0x0-1,6-dihydropyridin-3-yl)-1-
((tetrahydro-2H-pyran-4-yl)methyl)-1 H-benzo[dlimidazol-5-yl)methyl)amino)butanoate, 5.06:

Method as for 5.01, using the following reagents: 2-(5-methyl-6-oxo-1,6-dihydropyridin-3-yl)-
1-((tetrahydro-2 H-pyran-4-yl)methyl)-1H-benzo[d]imidazole-5-carbaldehyde 5.19 (200 mg,
0.569 mmol), (25,3R)-cyclopentyl 2-amino-3-hydroxybutanoate 4-methylbenzenesulfonate 5.25
(409 mg, 1.138 mmol), sodium triacetoxyborohydride (241 mg, 1.138 mmol) and DCM (10 ml).
The final product was: (25,3R)-cyclopentyl 3-hydroxy-2-(((2-(5-methyl-6-oxo-1,6-
dihydropyridin-3-yl)-1-((tetrahydro-2 H-pyran-4-yl)methyl)-1 H-benzo[d]imidazol-5-
yl)methyl)amino)butanoate 5.06 (260.5 mg, 0.498 mmol, 88% yield) as an off-white solid.
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LCMS (high pH): rt = 0.88 min, MH" = 523

'H NMR (d¢-DMSO, 293 K): 6 1.11 (d, J= 6.4 Hz, 3 H) 1.12 — 1.29 (m, 4 H) 1.48 — 1.70 (m, 6
H) 1.74 - 1.85 (m, 2 H) 1.89 —=2.02 (m, 1 H) 2.07 (s, 3 H) 2.22 — 2.37 (m, 1 H) 3.00 (br. s., 1 H)
3.05-3.18 (m, 2 H) 3.66 (d, J=13.0 Hz, 1 H) 3.69 — 3.76 (m, 2 H) 3.80 (br.s., 1 H) 3.89 (d, J
=13.0Hz, 1 H)4.20(d,J=7.3Hz, 2H)4.59-4.73 (m, 1 H) 5.07-5.12 (m, 1l H) 7.21 (dd, J=
83,1.0Hz, 1 H) 7.52 (s, 1 H) 7.59 (d, /=83 Hz, 1 H) 7.71 — 7.74 (m, 2 H) 11.58 — 12.09
(br.s., 1 H)

PC NMR (de-DMSO, 300 K): 6 16.9, 20.6, 23.7, 23.8, 30.5, 32.7, 35.6, 49.9, 52.2, 66.6, 66.8,
68.0, 77.0, 109.1, 111.1, 118.5, 123.2, 129.3, 134.2, 134.5, 135.6, 138.3, 142.9, 151.1, 162.6,
173.4.

IR (neat): 2962 (amine NH), 1727 (ester), 1658 (pyridone) cm™

M.pt.: 82-83 °C

HRMS: (C50H39N405) MH" requires 523.2920, found MH"™ 523.2922

[op] 21 7€ (¢ 0.25, MeOH): +20.0 ©

(S)-Cyclopentyl 4-methoxy-2-(((2-(5-methyl-6-0x0-1,6-dihydropyridin-3-yl)-1-((tetrahydro-2H-
pyran-4-yl)methyl)-1H-benzo[d]imidazol-5-yl)methyl)amino)butanoate, 5.07:

Method as for 5.01, using the following reagents: 2-(5-methyl-6-oxo0-1,6-dihydropyridin-3-yl)-
1-((tetrahydro-2 H-pyran-4-yl)methyl)-1 H-benzo[d]imidazole-5-carbaldehyde 5.19 (120 mg,

0.341 mmol), (S)-cyclopentyl 2-amino-4-methoxybutanoate 4-methylbenzenesulfonate 5.31
(255 mg, 0.683 mmol), sodium triacetoxyborohydride (145 mg, 0.683 mmol) and DCM (5 ml)
The reaction time was 5 hours. The final product was (S)-cyclopentyl 4-methoxy-2-(((2-(5-
methyl-6-0xo0-1,6-dihydropyridin-3-yl)-1-((tetrahydro-2 H-pyran-4-yl)methyl)- 1 H-
benzo[d]imidazol-5-yl)methyl)amino)butanoate 5.07 (95.8 mg, 0.179 mmol, 52% yield) as a
white solid.

LCMS (high pH): rt = 0.96 min, MH" = 537

"H NMR (d¢-DMSO, 293 K): 6 1.08 — 1.31 (m, 4 H) 1.50 — 1.88 (m, 10 H) 1.88 — 2.03 (m, 1 H)
2.07 (s, 3 H) 3.05 -3.15 (m, 2 H) 3.15-3.22 (m, 4 H) 3.32 - 3.38 (m, 1 H) 3.39 — 3.46 (m, 1
H)3.64(d,/=13.5Hz, 1 H)3.68-3.76 (m,2 H) 3.84 (d,/=13.2 Hz, 1 H) 4.20 (d,/J="7.3 Hz,
2H)5.07-5.12 (m, 1 H) 7.19 (dd, J= 8.3, 1.2 Hz, 1 H) 7.49 (s, 1 H) 7.58 (d, J= 8.3 Hz, 1 H)
7.70-7.74 (m, 2 H) 11.76 — 11.98 (br.s., 1 H)

(S)-Cyclopentyl 1-((2-(5-methyl-6-0x0-1,6-dihydropyridin-3-y1)-1-((tetrahydro-2 H-pyran-4-

yDmethyl)-1H-benzo[d]imidazol-5-yl)methy)pyrrolidine-2-carboxylate, 5.08:

Method as for 5.01, using the following reagents: 2-(5-methyl-6-oxo-1,6-dihydropyridin-3-yl)-
1-((tetrahydro-2 H-pyran-4-yl)methyl)-1 H-benzo[d]imidazole-5-carbaldehyde 5.19 (150 mg,
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0.427 mmol), (S)-cyclopentyl pyrrolidine-2-carboxylate 4-methylbenzenesulfonate 5.26 (303
mg, 0.854 mmol), sodium triacetoxyborohydride (181 mg, 0.854 mmol) and DCM (10 ml). The
final product was: (S)-cyclopentyl 1-((2-(5-methyl-6-0x0-1,6-dihydropyridin-3-yl)-1-
((tetrahydro-2 H-pyran-4-yl)methyl)-1 H-benzo[d]imidazol-5-yl)methyl)pyrrolidine-2-
carboxylate 5.08 (103 mg, 0.199 mmol, 47% yield) as a colourless gum.

LCMS (high pH): rt = 0.96 min, MH" = 537

'H NMR (ds-DMSO, 293 K): 6 1.07 — 1.29 (m, 4 H) 1.47 — 1.67 (m, 6 H) 1.67 — 1.87 (m, 5 H)
1.89 —2.14 (m, 5 H) 2.40 (d, J=8.3 Hz, 1l H) 2.80 —2.91 (m, 1 H) 3.11 (t, /= 11.0 Hz, 2 H)
3.19-325(m, 1 H)3.61 (d, /=129 Hz, 1 H) 3.68 — 3.78 (m, 2 H) 3.95 (d, /= 12.6 Hz, 1 H)
420 (d,J=7.1 Hz, 2 H) 4.99 — 5.09 (m, 1 H) 7.19 (dd, J=8.1,0.9 Hz, 1 H) 7.48 (s, 1 H) 7.57
(d,J=83Hz, 1H)7.70-7.74 (m, 2 H) 11.66 — 12.09 (br.s., 1 H)

Cyclopentyl 2-methyl-2-(((2-(5-methyl-6-0x0-1.6-dihydropyridin-3-yl)-1-((tetrahydro-2 H-

pyran-4-yl)methyl)-1H-benzo[d]imidazol-5-yl)methyl)amino)propanoate. 5.09:

Method as for 5.01, using the following reagents: 2-(5-methyl-6-0xo0-1,6-dihydropyridin-3-yl)-
1-((tetrahydro-2 H-pyran-4-yl)methyl)-1 H-benzo[d]imidazole-5-carbaldehyde 5.19 (200 mg,
0.569 mmol), cyclopentyl 2-amino-2-methylpropanoate 4-methylbenzenesulfonate 5.27 (391
mg, 1.138 mmol), sodium triacetoxyborohydride (241 mg, 1.138 mmol) and DCM (10 ml). The
final product was: cyclopentyl 2-methyl-2-(((2-(5-methyl-6-ox0-1,6-dihydropyridin-3-yl)-1-
((tetrahydro-2 H-pyran-4-yl)methyl)-1H-benzo[d]imidazol-5-yl)methyl)amino)propanoate  5.09
(139.9 mg, 0.276 mmol, 49% yield) as a white solid.

LCMS (high pH): rt = 1.01 min, MH" = 507

'H NMR (ds-DMSO, 293 K): 6 1.08 — 1.21 (m, 4 H) 1.26 (s, 6 H) 1.54 — 1.74 (m, 6 H) 1.78 —
2.01 (m, 2 H) 2.07 (s, 3 H) 2.13 —2.29 (m, 1 H) 3.04 — 3.16 (m, 2 H) 3.66 (s, 2 H) 3.68 — 3.77
(m,2 H)4.21(d,/J=7.3Hz,2H)5.06-5.14 (m, 1 H) 7.21 (dd, J=8.3, 1.2 Hz, 1 H) 7.51 (s, 1
H)7.58 (d,/=8.3Hz, 1 H)7.70-7.75 (m, 2 H) 11.67 — 12.06 (br.s., 1 H)

(S)-Cyclopentyl 3-(1H-imidazol-5-y1)-2-(((2-(5-methyl-6-0x0-1.6-dihydropyridin-3-y1)-1-

((tetrahydro-2H-pyran-4-yl)methyl)-1 H-benzo[d]limidazol-5-y)methyl)amino)propanoate, 5.10:

To a mixture of 2-(5-methyl-6-oxo0-1,6-dihydropyridin-3-yl)-1-((tetrahydro-2H-pyran-4-
yl)methyl)-1H-benzo[d]imidazole-5-carbaldehyde 5.19 (150 mg, 0.427 mmol) in DCM (10 ml)
was added (S)-cyclopentyl 2-amino-3-(1H-imidazol-4-yl)propanoate dihydrochloride 5.28 (253
mg, 0.854 mmol) and the reaction mixture stirred at room temperature for 15 min. Sodium
triacetoxyborohydride (181 mg, 0.854 mmol) was added and the reaction mixture stirred at
room temperature overnight. Further sodium triacetoxyborohydride (181 mg, 0.854 mmol) was

added and the reaction mixture stirred at room temperature for three hours. Again, further

278



CONFIDENTIAL — PROPERTY OF GSK— DO NOT COPY

sodium triacetoxyborohydride (181 mg, 0.854 mmol) was added and the reaction mixture stirred
at room temperature for 2 nights. Saturated sodium bicarbonate solution (10 ml) was added and
the organic layer separated. The aqueous layer was extracted with further DCM (10 ml), and the
organic layers were combined, dried using a hydrophobic frit, and blown down under a stream
of nitrogen. The sample was dissolved in dissolved in DMSO (2 x 1 ml) and purified by MDAP
(high pH). The solvent was blown down under a stream of nitrogen to give the required product
(S)-cyclopentyl 3-(1H-imidazol-5-y1)-2-(((2-(5-methyl-6-o0x0-1,6-dihydropyridin-3-y1)-1-
((tetrahydro-2 H-pyran-4-yl)methyl)-1H-benzo[d]imidazol-5-yl)methyl)amino)propanoate  5.10
(57 mg, 0.102 mmol, 24% yield) as a colourless gum.

LCMS (high pH): rt = 0.79 min, MH" = 559

'H NMR (ds-DMSO, 293 K): 6 1.10 — 1.28 (m, 4 H) 1.41 — 1.61 (m, 6 H) 1.67 — 1.79 (m, 2 H)
1.92 -2.02 (m, 1 H) 2.07 (s, 3 H) 2.75-2.84 (m, 2 H) 3.11 (t,J=10.7 Hz, 2 H) 3.41 (t, J=6.8
Hz, 1 H) 3.64 —3.77 (m, 3 H) 3.83 (d, J=13.1 Hz, 1 H) 4.20 (d, /= 7.3 Hz, 2 H) 5.00 — 5.04
(m, 1 H) 6.61 —6.80 (m, 1 H) 7.17 (d, J=8.3 Hz, 1 H) 7.46 — 7.50 (m, 2 H) 7.57 (d, /= 8.3 Hz,
1 H)7.70 — 7.74 (m, 2 H) 10.93 — 12.36 (br.s., 1 H)

(8)-Cyclopentyl  2-(((2-(5-methyl-6-0x0-1,6-dihydropyridin-3-y1)-1-((tetrahydro-2 H-pyran-4-

yl)methyl)-1H-benzo[d]imidazol-5-yl)methyl)amino)-2-(tetrahydro-2 H-pyran-4-yl)acetate,
5.11:

Method as for 5.01, using the following reagents: 2-(5-methyl-6-0xo0-1,6-dihydropyridin-3-yl)-
1-((tetrahydro-2 H-pyran-4-yl)methyl)-1 H-benzo[d]imidazole-5-carbaldehyde 5.19 (120 mg,
0.341 mmol), (S)-cyclopentyl 2-amino-2-(tetrahydro-2H-pyran-4-yl)acetate 4-
methylbenzenesulfonate 5.32 (273 mg, 0.683 mmol), sodium triacetoxyborohydride (145 mg,
0.683 mmol) and DCM (5 ml) The reaction time was 5 hours. The final product was: (S)-
cyclopentyl 2-(((2-(5-methyl-6-oxo0-1,6-dihydropyridin-3-yl)-1-((tetrahydro-2 H-pyran-4-
yl)methyl)-1H-benzo[d]imidazol-5-yl)methyl)amino)-2-(tetrahydro-2 H-pyran-4-yl)acetate 5.11
(122.3 mg, 0.217 mmol, 64% yield) as a white solid.

LCMS (high pH): rt = 0.98 min, MH" = 563

"H NMR (d¢-DMSO, 293 K): 6 1.09 — 1.38 (m, 7 H) 1.50 — 1.88 (m, 10 H) 1.88 —2.01 (m, 1 H)
2.07 (s,3H)291(d,J=6.9 Hz, 1 H)3.07 — 3.16 (m, 2 H) 3.19 — 3.28 (m, 2 H) 3.62 (d, J =
13.5 Hz, 1 H) 3.68 — 3.77 (m, 2 H) 3.78 — 3.87 (m, 3 H) 4.20 (d, /= 7.3 Hz, 2 H) 5.05 - 5.14
(m, 1 H)7.19 (dd, J=8.3,1.0Hz, 1 H) 7.50 (s, 1 H) 7.58 (d, /J=8.3 Hz, 1 H) 7.70 — 7.74 (m, 2
H) 11.80 - 11.96 (br.s., 1 H)
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Cyclopentyl 1-(((2-(5-methyl-6-0x0-1.,6-dihydropyridin-3-yl)-1-((tetrahydro-2 H-pyran-4-

yDmethyl)-1H-benzo[d]imidazol-5-yl)methyl)amino)cyclobutanecarboxylate, 5.12:

Method as for 5.01, using the following reagents: 2-(5-methyl-6-oxo-1,6-dihydropyridin-3-yl)-
1-((tetrahydro-2 H-pyran-4-yl)methyl)-1 H-benzo[d]imidazole-5-carbaldehyde 5.19 (125 mg,
0.356 mmol), cyclopentyl 1-aminocyclobutanecarboxylate 4-methylbenzenesulfonate 5.33 (253
mg, 0.711 mmol), sodium triacetoxyborohydride (151 mg, 0.711 mmol) and DCM (5 ml). The
final product was: cyclopentyl 1-(((2-(5-methyl-6-0x0-1,6-dihydropyridin-3-yl)-1-((tetrahydro-
2 H-pyran-4-yl)methyl)-1H-benzo[d]imidazol-5-yl)methyl)amino) cyclobutanecarboxylate 5.12
(81 mg, 0.156 mmol, 44% yield) as a off-white gum.

LCMS (high pH): 1t = 1.04 min, MH" = 519

"H NMR (de-DMSO, 293 K): 6 1.06 — 1.30 (m, 4 H) 1.52 — 1.75 (m, 6 H) 1.75 — 1.89 (m, 3 H)
1.89 — 1.99 (m, 2 H) 1.99 — 2.12 (m, 5 H) 2.24 — 2.39 (m, 2 H) 3.03 — 3.17 (m, 2 H) 3.63 — 3.76
(m,4 H)4.21(d,/J=7.3Hz,2H)5.04 —5.18 (m, 1 H) 7.23 (dd, J=8.3, 1.0 Hz, 1 H) 7.54 (s, 1
H)7.59 (d,/=8.3Hz, 1 H) 7.70 — 7.76 (m, 2 H) 11.74 — 12.02 (br.s., 1 H)

(S)-Isopropyl 4-methyl-2-(((2-(5-methyl-6-0x0-1,6-dihydropyridin-3-y1)-1-((tetrahydro-2 H-

pyran-4-yl)methyl)-1H-benzo[d]imidazol-5-yl)methyl)amino)pentanoate, 5.13:

Method as for 5.01, using the following reagents: 2-(5-methyl-6-0xo0-1,6-dihydropyridin-3-yl)-
1-((tetrahydro-2 H-pyran-4-yl)methyl)-1 H-benzo[d]imidazole-5-carbaldehyde 5.19 (75 mg,
0.213 mmol) (S)-isopropyl 2-amino-4-methylpentanoate 4-methylbenzenesulfonate 5.34 (147
mg, 0.427 mmol), sodium triacetoxyborohydride (90 mg, 0.427 mmol) and DCM (5 ml). The
final product was: (S)-isopropyl 4-methyl-2-(((2-(5-methyl-6-oxo0-1,6-dihydropyridin-3-yl)-1-
((tetrahydro-2 H-pyran-4-yl)methyl)-1 H-benzo[d]imidazol-5-yl)methyl)amino)pentanoate  5.13
(60 mg, 0.118 mmol, 55% yield) as a colourless gum.

LCMS (high pH): rt = 1.07 min, MH" = 509

'H NMR (ds-DMSO, 293 K): § 0.77 (d, J = 6.6 Hz, 3 H) 0.85 (d, J = 6.6 Hz, 3 H) 1.07 — 1.28
(m, 11 H) 1.31 — 1.46 (m, 2 H) 1.66 — 1.80 (m, 1 H) 1.87 —2.01 (m, 1 H) 2.07 (s, 3 H) 3.04 —
3.16 (m, 3 H) 3.63 (d, /J=13.1 Hz, 1 H) 3.72 (d, J=10.9 Hz, 2 H) 3.84 (d, /= 13.1 Hz, 1 H)
4.20(d,J=73Hz,2H)4.87-5.01 (m, 1 H) 7.20 (d,/J=8.3Hz, 1 H) 7.49 (s, l H) 7.58 (d, J =
83 Hz, 1 H)7.71 -7.74 (m, 2 H) 11.72 - 12.02 (br.s., 1 H)

(S)-Cyclobutyl  4-methyl-2-(((2-(5-methyl-6-0x0-1,6-dihydropyridin-3-yl)-1-((tetrahydro-2H-

pyran-4-yl)methyl)-1H-benzo[d]imidazol-5-yl)methyl)amino)pentanoate, 5.14:

Method as for 5.01, using the following reagents: 2-(5-methyl-6-oxo-1,6-dihydropyridin-3-yl)-
1-((tetrahydro-2 H-pyran-4-yl)methyl)-1 H-benzo[d]imidazole-5-carbaldehyde 5.19 (75 mg,
0.213 mmol), (S)-cyclobutyl 2-amino-4-methylpentanoate 4-methylbenzenesulfonate 5.35 (153
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mg, 0.427 mmol), sodium triacetoxyborohydride (90 mg, 0.427 mmol) and DCM (5 ml). The
final product was: (S)-cyclobutyl 4-methyl-2-(((2-(5-methyl-6-0xo0-1,6-dihydropyridin-3-yl)-1-
((tetrahydro-2 H-pyran-4-yl)methyl)-1 H-benzo[d]imidazol-5-yl)methyl)amino)pentanoate ~ 5.14
(31 mg, 0.060 mmol, 28% yield) as a white solid.

LCMS (high pH): rt = 1.08 min, MH" = 521

'H NMR (ds-DMSO, 293 K): § 0.77 (d, J = 6.3 Hz, 3 H) 0.86 (d, J = 6.6 Hz, 3 H) 1.08 — 1.26
(m,4 H) 133 -1.47 (m,2 H) 1.53 - 1.67 (m, 1 H) 1.68 — 1.81 (m, 2 H) 1.90 — 2.04 (m, 3 H)
2.07 (s, 3 H) 2.23 —2.35 (m, 2 H) 3.03 - 3.20 (m, 3 H) 3.63 (d,/J=13.1 Hz, 1 H) 3.72 (d, J =
10.4 Hz,2 H) 3.84 (d,J=13.1 Hz, 1 H) 4.21 (d,J="7.1 Hz, 2 H) 4.89 - 4.96 (m, 1 H) 7.20 (d, J
=83 Hz, 1H)7.50(,1H)7.58(d,J=83Hz, 1H)7.70 - 7.75 (dm, 2 H) 11.68 — 12.00 (br.s.,
1 H)

(S)-Neopentyl 4-methyl-2-(((2-(5-methyl-6-0x0-1,6-dihydropyridin-3-y1)-1-((tetrahydro-2 H-

pyran-4-yl)methyl)-1H-benzo[d]imidazol-5-yl)methyl)amino)pentanoate, 5.15:

Method as for 5.01, using the following reagents: 2-(5-methyl-6-0xo0-1,6-dihydropyridin-3-yl)-
1-((tetrahydro-2 H-pyran-4-yl)methyl)-1 H-benzo[d]imidazole-5-carbaldehyde 5.19 (200 mg,
0.569 mmol), (S)-neopentyl 2-amino-4-methylpentanoate 4-methylbenzenesulfonate 5.36 (425
mg, 1.138 mmol), sodium triacetoxyborohydride (241 mg, 1.138 mmol) and DCM (10 ml). The
final product was: (S)-neopentyl 4-methyl-2-(((2-(5-methyl-6-ox0-1,6-dihydropyridin-3-yl)-1-
((tetrahydro-2 H-pyran-4-yl)methyl)-1H-benzo[d]imidazol-5-yl)methyl)amino)pentanoate  5.15
(209.2 mg, 0.390 mmol, 69% yield) as a white solid.

LCMS (high pH): rt = 1.20 min, MH" = 537

"H NMR (d¢-DMSO, 293 K): § 0.78 (d, J = 6.6 Hz, 3 H) 0.86 (d, J = 6.6 Hz, 3 H) 0.92 (s, 9 H)
1.07-1.25 (m, 4 H) 1.36 — 1.52 (m, 2 H) 1.67 — 1.79 (m, 1 H) 1.87 — 1.99 (m, 1 H) 2.07 (s, 3
H) 2.24 —2.45 (m, 1 H) 3.05 - 3.15 (m, 2 H) 3.17 — 3.25 (m, 1 H) 3.64 (d, /= 13.2 Hz, 1 H)
3.68 —3.74 (m, 2 H) 3.76 (s, 2 H) 3.86 (d, J=13.2 Hz, l H) 4.21 (d, /=73 Hz,2 H) 7.20 (d, J
=8.3,1.2Hz, 1 H)7.50 (s, 1 H) 7.58 (d,J=8.3 Hz, 1 H) 7.71 — 7.75 (m, 2 H)

(25)-Tetrahydrofuran-3-y1 4-methyl-2-(((2-(5-methyl-6-0x0-1.6-dihydropyridin-3-y1)-1-

((tetrahydro-2H-pyran-4-yl)methyl)-1H-benzo[d]imidazol-5-yl)methyl)amino)pentanoate, 5.16:

Method as for 5.01, using the following reagents: 2-(5-methyl-6-oxo-1,6-dihydropyridin-3-yl)-
1-((tetrahydro-2H-pyran-4-yl)methyl)-1H-benzo[d]imidazole-5-carbaldehyde 5.19 (200 mg,
0.569 mmol), (25)-tetrahydrofuran-3-yl 2-amino-4-methylpentanoate 4-methylbenzenesulfonate
5.37 (425 mg, 1.138 mmol), sodium triacetoxyborohydride (241 mg, 1.138 mmol) and DCM
(10 ml). The final product was: (25)-tetrahydrofuran-3-yl 4-methyl-2-(((2-(5-methyl-6-oxo-1,6-
dihydropyridin-3-yl)-1-((tetrahydro-2 H-pyran-4-yl)methyl)-1 H-benzo[d]imidazol-5-
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yl)methyl)amino)pentanoate 5.16 (243.1 mg, 0.453 mmol, 80% yield) as a white solid.

LCMS (high pH): rt = 0.93 min, MH" = 537

'H NMR (ds-DMSO, 293 K): § 0.77 (d, J = 6.6 Hz, 3 H) 0.85 (d, J= 6.9 Hz, 3 H) 1.08 — 1.27
(m, 4 H) 1.31 - 1.49 (m, 2 H) 1.65 — 1.80 (m, 1 H) 1.80 — 1.99 (m, 2 H) 2.07 (s, 3 H) 2.09 —
2.20 (m, 1 H) 2.27 - 2.45 (m, 1 H) 3.05 - 3.20 (m, 3 H) 3.59 — 3.89 (m, 8 H) 4.20 (d, /= 7.3
Hz,2H)5.21-526 (m, 1 H) 7.20 (dd,J=8.3, 1.2 Hz, 1 H) 7.50 (s, 1 H) 7.58 (d, J=8.3 Hz, 1
H)7.70-7.76 (m, 2 H) 11.59 — 12.05 (br.s., 1 H)

PC NMR (de-DMSO, 300 K): 6 16.9, 22.5, 23.1, 24.9, 30.4, 32.8, 35.6, 42.3, 51.7, 58.6, 66.7,
66.8, 72.8, 75.1, 109.1, 111.1, 118.6, 123.2, 134.5, 135.6, 138.3, 142.8, 162.6, 175.5. (Two
signals of insufficient strength to be visible)

IR (neat): 2954 (amine NH), 1730 (ester), 1657 (pyridone) cm™

M.pt.: 84-86 °C

HRMS: (C30H4N4Os) MH" requires 537.3077, found MH" 537.3038 — error 6.2 pmm, above
desired value of 5 ppm, possible degradation of target compound during experiment.

[ap] "2 (¢ 0.5, MeOH): -3.3 °

(25)-1-Methoxypropan-2-yl 4-methyl-2-(((2-(5-methyl-6-0x0-1,6-dihydropyridin-3-yl)-1-

((tetrahydro-2H-pyran-4-yl)methyl)-1H-benzo[d]imidazol-5-yl)methyl)amino)pentanoate, 5.17:

A mixture of  2-(5-methyl-6-0x0-1,6-dihydropyridin-3-yl)-1-((tetrahydro-2 H-pyran-4-
yl)methyl)-1H-benzo[d]imidazole-5-carbaldehyde 5.19 (75 mg, 0.213 mmol) and (25)-1-
methoxypropan-2-yl 2-amino-4-methylpentanoate 4-methylbenzenesulfonate 5.38 (160 mg,
0.427 mmol) in DCM (5 ml) was stirred at room temperature for 10 min. Sodium
triacetoxyborohydride (90 mg, 0.427 mmol) was added and the reaction mixture stirred at room
temperature overnight. Further sodium triacetoxyborohydride (30 mg, 0.142 mmol) was added
and the reaction mixture stirred at room temperature for 2 hours. Saturated sodium bicarbonate
solution (10 ml) was added and the organic layer separated. The aqueous layer was extracted
with DCM, and the organic layers were combined, dried using a hydrophobic frit and blown
down under a stream of nitrogen. The sample was dissolved in DMSO (1 ml) and purified by
MDAP (high pH). The solvent was blown down under a stream of nitrogen to give the required
product (25)-1-methoxypropan-2-yl 4-methyl-2-(((2-(5-methyl-6-ox0-1,6-dihydropyridin-3-yl)-
1-((tetrahydro-2 H-pyran-4-yl)methyl)-1H-benzo[d]imidazol-5-yl)methyl)amino)pentanoate 5.17
(46 mg, 0.085 mmol, 40% yield) as an off-white gum. The diastereomeric ratio could not be
determined by NMR.

LCMS (high pH): rt = 1.00 min, MH" = 539
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'"H NMR (d¢-DMSO, 293 K): 6 0.72 — 0.81 (m, 3 H) 0.85 (d, J = 6.6 Hz, 3 H) 1.08 — 1.28 (m, 6
H) 1.31 — 1.48 (m, 2 H) 1.68 — 1.80 (m, 1 H) 1.87 — 2.01 (m, 1 H) 2.07 (s, 3 H) 3.04 — 3.19 (m,
3 H) 3.26 (s, 3 H) 3.27 - 3.36 (m, 2 H) 3.36 — 3.46 (m, 2 H) 3.59 — 3.68 (m, 1 H) 3.72 (d, J =
10.1 Hz, 2 H) 3.85 (d, J = 13.1 Hz, 1 H) 4.20 (d, J=7.3 Hz, 2 H) 4.97 — 5.10 (m, 1 H) 7.20 (d, J
=83 Hz, 1 H) 7.50 (s, 1 H) 7.58 (d,J=8.3 Hz, 1 H) 7.71 — 7.75 (m, 2 H) 11.86 (br.s., | H)

(8)-Tetrahydro-2H-pyran-4-yl 4-methyl-2-(((2-(5-methyl-6-0x0-1.6-dihydropyridin-3-y1)-1-

((tetrahydro-2 H-pyran-4-yl)methy1)-1H-benzo[d]imidazol-5-yl)methyl)amino)pentanoate, 5.18:

A mixture of  2-(5-methyl-6-0x0-1,6-dihydropyridin-3-yl)-1-((tetrahydro-2H-pyran-4-
yl)methyl)-1H-benzo[d]imidazole-5-carbaldehyde 5.19 (75 mg, 0.213 mmol) and (S)-
tetrahydro-2H-pyran-4-yl 2-amino-4-methylpentanoate 4-methylbenzenesulfonate 5.39 (165
mg, 0.427 mmol) in DCM (5 ml) was stirred at room temperature for 10 min. Sodium
triacetoxyborohydride (90 mg, 0.427 mmol) was added and the reaction mixture stirred at room
temperature overnight. Further sodium triacetoxyborohydride (30 mg, 0.142 mmol) was added
and the reaction mixture stirred at room temperature for 2 hours. Saturated sodium bicarbonate
solution (10 ml) was added and the organic layer separated. The aqueous layer was extracted
with DCM, and the organic layers were combined, dried using a hydrophobic frit, and blown
down under a stream of nitrogen. The sample was dissolved in DMSO (2 x 1 ml) and purified
by MDAP (high pH). The solvent was blown down under a stream of nitrogen to give the
required product (S)-tetrahydro-2 H-pyran-4-yl 4-methyl-2-(((2-(5-methyl-6-ox0-1,6-
dihydropyridin-3-yl)-1-((tetrahydro-2 H-pyran-4-yl)methyl)-1H-benzo[d]imidazol-5-
yl)methyl)amino)pentanoate 5.18 (61 mg, 0.111 mmol, 52% yield) as a yellow gum.

LCMS (high pH): rt = 0.96 min, MH" = 551

"H NMR (ds-DMSO, 293 K): 6 0.78 (d, J= 6.6 Hz, 3 H) 0.86 (d, J= 6.6 Hz, 3 H) 1.07 — 1.27
(m,4 H) 1.35-1.47 (m,2 H) 1.49 - 1.60 (m, 2 H) 1.66 — 1.79 (m, 1 H) 1.80 — 1.88 (m, 2 H)
1.91-1.99 (m, 1 H) 2.07 (s, 3 H) 3.04 —3.22 (m, 3 H) 3.43 —3.50 (m, 2 H) 3.65 (d, J=13.1
Hz, 1 H) 3.68 —3.82 (m, 4 H) 3.85 (d, J=13.1 Hz, 1 H) 4.21 (d, /J=7.3 Hz,2 H) 4.87 — 4.94
(m, 1 H) 7.20 (dd, /=8.3, 1.3 Hz, 1 H) 7.50 (s, 1 H) 7.58 (d,/=8.3 Hz, 1 H) 7.71 — 7.75 (m, 2
H) 11.87 (br.s., 1 H)

2-(5-Methyl-6-0x0-1,6-dihydropyridin-3-yl)-1-((tetrahydro-2 H-pyran-4-yl)methyl)-1 H-
benzo|dlimidazole-5-carbaldehyde, 5.19:

2-lodoxybenzoic acid (9.78 g, 15.72 mmol, 45% by weight: stabilised by benzoic acid and
isophthalic acid) was added portion-wise to a suspension of 5-(5-(hydroxymethyl)-1-
((tetrahydro-2 H-pyran-4-yl)methyl)-1 H-benzo[d]imidazol-2-yl)-3-methylpyridin-2(1H)-one

5.22 (5.05 g, 14.29 mmol) in DCM (500 ml). The reaction mixture was stirred under nitrogen
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for 72 hours. The reaction mixture was split into three equal portions. Saturated aqueous sodium
bicarbonate solution (200 ml) was added to each portion and the layers were separated. The
aqueous layer in each case was further extracted with DCM (2 x 200 ml) and all the organic
layers were combined and dried over a hydrophobic frit. The solvent was removed under
reduced pressure to give a white solid. The solid compound was split into three equal portions.
Each portion was redissolved in DCM (200 ml) and saturated aqueous sodium bicarbonate
solution (200 ml) was added. The layers were separated and the aqueous layer was extracted
with DCM (2 x 200 ml). All the organic layers were combined and solvent was evaporated
under reduced pressure to give the required product 2-(5-methyl-6-oxo0-1,6-dihydropyridin-3-
yl)-1-((tetrahydro-2 H-pyran-4-yl)methyl)-1 H-benzo[d]imidazole-5-carbaldehyde 5.19 (4.57 g,
11.70 mmol, 82% yield) as a white solid.

LCMS (high pH): 1t = 0.67 min, MH" = 352

"H NMR (ds-DMSO, 293 K): 6 1.09 — 1.31 (m, 4 H) 1.86 — 2.02 (m, 1 H) 2.08 (s, 3 H) 3.05 —
3.16(m,2H)3.72(d,/J=11.0Hz,2 H)4.31 (d,J=7.1 Hz, 1 H) 7.75 - 7.85 (m, 3 H) 7.90 (d, J
=8.6 Hz, 1 H) 8.20 (s, 1 H) 10.06 (s, 1 H) 11.96 (br.s, 1 H)

BC NMR (de-DMSO, 300 K): d 16.9, 30.3, 35.6, 50.1, 66.8, 108.4, 112.3, 122.7, 123.2, 129.5,
131.8,134.8, 138.1, 141.0, 142.6, 153.5, 162.7, 193.0.

IR (neat): 2914 (aldehyde CH), 2713 (aldehyde CH), 1698 (aldehyde CO), 1653 (pyridone), 798
(aryl CH), 746 (aryl CH) cm™

M.pt.: 229-233 °C

HRMS: (C2H»:N305) MH" requires 352.1661, found MH" 352.1667

(3-Nitro-4-(((tetrahydro-2H-pyran-4-yl)methyl)amino)phenyl)methanol, 5.21:

A mixture of (4-fluoro-3-nitrophenyl)methanol 5.20 (3 g, 17.53 mmol), (tetrahydro-2H-pyran-4-
yl)methanamine (3 g, 26.0 mmol) and DIPEA (9 ml, 51.5 mmol) in THF (30 ml) was heated in
three equal portions under microwave conditions at 120 °C for 1.5 hours. The reaction mixtures
were combined and partitioned between saturated aqueous sodium bicarbonate solution (100
ml) and DCM (3 x 100 ml). The organic layers were combined, dried using a hydrophobic frit,
and evaporated under reduced pressure to give an orange oil. The sample was loaded in DCM
and purified by SPE (silica, 2 x 100 g) using a gradient of 0 — 7% (2 M ammonia in MeOH) in
DCM. The appropriate fractions were combined and evaporated under reduced pressure to give
the required product (3-nitro-4-(((tetrahydro-2H-pyran-4-yl)methyl)amino)phenyl)methanol
5.21 (4.66 g, 17.49 mmol, 100% yield) as an orange oil.

LCMS (formic acid): rt = 0.76 min, MH" = 267
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'"H NMR (d¢-DMSO, 293 K): & 1.17 — 1.35 (m, 2 H) 1.55 — 1.77 (m, 2 H) 1.83 — 1.95 (m, 1 H)
3.20 - 3.37 (m, 5 H) 3.86 (dd, J= 11.2, 3.2 Hz, 1 H) 4.40 (d, J= 5.8 Hz, 1 H) 5.18 (t, J = 5.8
Hz, 1 H) 7.09 (d, J=9.1 Hz, 1 H) 7.46 — 7.50 (m, 1 H) 8.00 (s, 1 H) 8.18 (t, /= 5.7 Hz, 1 H)

5-(5-(Hydroxymethyl)-1-((tetrahydro-2 H-pyran-4-yl)methyl)-1H-benzo[d]imidazol-2-y1)-3-
methylpyridin-2(1H)-one, 5.22:
(3-Nitro-4-(((tetrahydro-2 H-pyran-4-yl)methyl)amino)phenyl)methanol 5.21 (10 g, 37.6 mmol)

was dissolved in a solution of EtOH (100 ml) and water (50 ml), before adding 5-methyl-6-oxo-
1,6-dihydropyridine-3-carbaldehyde 3.25 (5.15 g, 37.6 mmol) and sodium hydrosulfite (19.61 g,
113 mmol). The reaction mixture was heated at 100 °C for 3 hours. The reaction mixture was
partitioned between saturated aqueous sodium bicarbonate solution (100 ml) and 25% propan-2-
ol in DCM solution (100 ml). The layers were separated and the aqueous layer was further
extracted with 25% propan-2-ol in DCM solution (2 x 100 ml). The organic layer from the first
partition was washed with saturated aqueous sodium bicarbonate solution (100 ml). All organic
layers were combined and the solvent was evaporated under reduced pressure. The sample was
loaded in DCM/MeOH and purified by SPE (silica, 340g) using a gradient of 0 — 15% (2 M
ammonia in MeOH) in DCM. The appropriate fractions were combined and evaporated under
reduced pressure to give the required product 5-(5-(hydroxymethyl)-1-((tetrahydro-2 H-pyran-4-
yl)methyl)-1H-benzo[d]imidazol-2-yl)-3-methylpyridin-2(1H)-one 5.22 (5.06 g, 14.31 mmol,
38% yield) as a white solid.

LCMS (high pH): 1t = 0.60 min, MH" = 354

"H NMR (ds-DMSO, 293 K): 6 1.09 — 1.27 (m, 4 H) 1.86 — 2.02 (m, 1 H) 2.07 (s, 3 H) 3.04 —
3.15(m,2 H)3.65-3.81 (m,2H)4.21(d,/J=7.1Hz,2H)4.58 (d,J=5.6 Hz, 1 H) 5.12 (t,J =
5.8 Hz, 1 H) 7.22 (dd, J=8.3, 1.2 Hz, 1 H) 7.54 (s, 1 H) 7.60 (d, /= 8.3 Hz, 1 H) 7.71 — 7.73
(m, 1 H)7.74 (d,/J=12Hz, 1 H) 11.88 (br. s., 1 H)

(5)-Cyclopentyl 2-aminobutanoate 4-methylbenzenesulfonate, 5.29:

(S)-2-Aminobutanoic acid (3.0 g, 29.1 mmol), cyclopentanol (20.5 g, 238 mmol) and 4-
methylbenzenesulfonic acid monohydrate (7.19 g, 37.8 mmol) were added to cyclohexane (100
ml) and the reaction mixture was heated to 125 °C, whereupon complete dissolution was
achieved. It was then heated at this temperature for 24 hours. After cooling to room temperature,
the volatile components were removed from the slurry under reduced pressure to give a white
solid. The solid was recrystallised from the minimum amount of hot EtOAc. The resulting
crystals were filtered and washed with a little cold EtOAc to give the required product (S)-
cyclopentyl 2-aminobutanoate 4-methylbenzenesulfonate 5.29 (6.30 g, 18.35 mmol, 63% yield)

as a white solid.
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'"H NMR (ds-DMSO, 293 K): § 0.92 (t, J = 7.5 Hz, 3 H) 1.52 — 1.73 (m, 6 H) 1.73 — 1.95 (m, 4
H) 2.29 (s, 3 H) 3.90 — 4.01 (m, 1 H) 5.18 — 5.22 (m, 1 H) 7.11 (d,J= 7.8 Hz, 2 H) 7.48 (d, J =
8.1 Hz, 1 H) 8.26 (br.s., 3 H)

(8)-Cyclopentyl 2-amino-3-methylbutanoate 4-methylbenzenesulfonate, 5.30:

(S)-2-Amino-3-methylbutanoic acid (800 mg, 6.83 mmol), cyclopentanol (5.07 ml, 55.9 mmol)
and 4-methylbenzenesulfonic acid monohydrate (1.689 g, 8.88 mmol) were suspended in
cyclohexane (15 ml) and the reaction mixture was heated to 95 °C with a Dean-Stark condenser
attached. Complete dissolution was achieved, and the reaction mixture was heated at 95 °C
overnight. No water had been collected in the Dean—Stark apparatus. The temperature of the
reaction mixture was raised to 110 °C, and the reaction mixture was heated at 110 °C overnight.
The reaction mixture was cooled to room temperature to give a white slurry. The solvent was
removed under reduced pressure to give a white solid. This crude material was dissolved in a
minimum volume of hot EtOAc and the solution was allowed to cool. The resulting white solid
was filtered, washed with a small amount of EtOAc, and dried to give the required product (S)-
cyclopentyl 2-amino-3-methylbutanoate 4-methylbenzenesulfonate 5.30 (1.89 g, 5.28 mmol,
77% yield) as an off-white solid.

"H NMR (d¢-DMSO, 293 K): § 0.94 (d, J =7.1 Hz, 3 H) 0.96 (d, J= 7.1 Hz, 3 H) 1.54 — 1.76
(m, 6 H) 1.81 — 1.95 (m, 2 H) 2.05 — 2.20 (m, 1 H) 2.29 (s, 3 H) 3.85 - 3.90 (m, 1 H) 5.20 —
524 (m, 1 H)7.11(d,J=7.8 Hz,2 H) 7.47 (d, /= 8.1 Hz, 2 H) 8.23 (br.s., 3 H)

(S)-Cyclopentyl 2-amino-4-methoxybutanoate 4-methylbenzenesulfonate, 5.31:

Method as for 5.29, using the following reagents: (S)-2-amino-4-methoxybutanoic acid (3 g,
22.53 mmol), cyclopentanol (15.87 g, 184 mmol), 4-methylbenzenesulfonic acid monohydrate
(5.57 g, 29.3 mmol) and cyclohexane (100 ml). The final product was: (S)-cyclopentyl 2-amino-
4-methoxybutanoate 4-methylbenzenesulfonate 5.31 (4.70 g, 12.58 mmol, 56% yield) as a white
solid.

"H NMR (de-DMSO, 293 K): 6 1.49 — 1.62 (m, 2 H) 1.62 — 1.77 (m, 4 H) 1.76 — 1.92 (m, 2 H)
2.00 (q,J=6.1 Hz, 2 H) 2.29 (s, 3 H) 3.22 (s, 3 H) 3.40 — 3.43 (m, partially obscured by solvent
peak) 3.92 —4.09 (m, 1 H) 5.16 — 5.20 (m, 1 H) 7.11 (d, J=7.8 Hz, 2 H) 7.48 (d, /= 8.1 Hz, 2
H) 8.24 (br.s., 3 H)

(8)-Cyclopentyl 2-amino-2-(tetrahydro-2 H-pyran-4-yl)acetate 4-methylbenzenesulfonate, 5.32:

Method as for 5.29, using the following reagents: (S)-2-amino-2-(tetrahydro-2H-pyran-4-
ylacetic acid (2.0 g, 12.56 mmol), cyclopentanol (8.85 g, 103 mmol), 4-methylbenzenesulfonic
acid monohydrate (3.11 g, 16.33 mmol) and cyclohexane (60 ml). After 24 hours heating.
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cyclohexane (40 ml) was added, and the reaction mixture was heated at 125 °C overnight. The
final product was: (S)-cyclopentyl 2-amino-2-(tetrahydro-2H-pyran-4-yl)acetate  4-
methylbenzenesulfonate 5.32 (1.77 g, 4.42 mmol, 35% yield) as a white solid.

'H NMR (de-DMSO, 293 K): 6 1.19 — 1.36 (m, 1 H) 1.40 — 1.53 (m, 2 H) 1.53 — 1.74 (m, 7 H)
1.82-1.92 (m, 2 H) 1.97 = 2.11 (m, 1 H) 2.29 (s, 3 H) 3.20 — 3.31 (m, 2 H) 3.81 — 3.96 (m, 3
H)5.19-524 (s, 1 H) 7.11 (d,J=7.8 Hz,2 H) 7.48 (d, /= 8.1 Hz, 2 H) 8.30 (br.s., 3 H)

Cyclopentyl 1-aminocyclobutanecarboxylate 4-methylbenzenesulfonate, 5.33:

I-Aminocyclobutanecarboxylic acid (1.66 g, 14.42 mmol), 4-methylbenzenesulfonic acid
monohydrate (3.57 g, 18.74 mmol) and cyclopentanol (10.16 g, 118 mmol) were added to
cyclohexane (100 ml) and the reaction mixture was heated to 130 °C. Full dissolution was
achieved, and the reaction mixture was heated at this temperature for 3 days. The solvent had
evaporated due to the condenser not being fitted properly. The resulting pale brown solid was
recrystallised from EtOAc, filtered, washed, and dried to give the tosic acid salt of the starting
material amino acid. This recovered starting material (3.7726 g, 13.13 mmol), cyclopentanol
(10.16 g, 118 mmol) and 4-methylbenzenesulfonic acid monohydrate (0.823 g, 4.33 mmol)
were added to cyclohexane (100 ml) and the reaction mixture was heated at 130 °C for 5 days.
The resulting slurry was evaporated under reduced pressure and dried in a vacuum oven. The
solid was recrystallised from hot EtOAc, filtered, washed, and dried to give the required product
cyclopentyl 1-aminocyclobutanecarboxylate 4-methylbenzenesulfonate 5.33 (3.31 g, 9.31
mmol, 65% yield) as a white solid.

"H NMR (de-DMSO, 293 K): 6 1.55 — 1.65 (m, 2 H) 1.65 — 1.77 (m, 4 H) 1.81 — 1.93 (m, 2 H)
1.97 — 2.05 (m, 2 H) 2.29 (s, 3 H) 2.30 — 2.39 (m, 2 H) 2.39 — 2.49 (m, 2 H) 5.21 — 5.25 (m, 1
H)7.12 (d,J=8.3 Hz,2 H) 7.48 (d, J= 8.1 Hz, 2 H) 8.50 (br.s., 3 H)

(S)-Isopropyl 2-amino-4-methylpentanoate 4-methylbenzenesulfonate, 5.34:
Method as for 5.29, using the following reagents: (S)-2-amino-4-methylpentanoic acid (2.27 g,

17.31 mmol), propan-2-ol (10.58 ml, 138 mmol), 4-methylbenzenesulfonic acid monohydrate
(4.28 g, 22.50 mmol) and cyclohexane (100 ml). The reaction mixture was heated at 130 °C for
4 nights. The final product was: a white solid, (S)-isopropyl 2-amino-4-methylpentanoate 4-
methylbenzenesulfonate 5.34 (4.2 g, 12.16 mmol, 70% yield).

'H NMR (ds-DMSO, 293 K): 6 0.89 (d, J = 2.0 Hz, 3 H) 0.91 (d, J=2.3 Hz, 3 H) 1.22 — 1.26
(m, 6 H) 1.54 - 1.66 (m, 2 H) 1.67 — 1.81 (m, 1 H) 2.29 (s, 3 H) 3.93 (t, J=7.1 Hz, 1 H) 4.91 —
5.10 (m, 1 H) 7.12 (m, J= 8.1 Hz, 2 H) 7.48 (m, J = 8.1 Hz, 2 H) 8.27 (br.s., 3 H)
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(5)-Cyclobutyl 2-amino-4-methylpentanoate 4-methylbenzenesulfonate, 5.35:

Method as for 5.29, using the following reagents: (S)-2-amino-4-methylpentanoic acid (2.27 g,
17.31 mmol), cyclobutanol (9.98 g, 138 mmol), 4-methylbenzenesulfonic acid monohydrate
(4.28 g, 22.50 mmol) and cyclohexane (100 ml). The reaction mixture was heated at 130 °C
overnight. The final product was: a white solid, (S)-cyclobutyl 2-amino-4-methylpentanoate 4-
methylbenzenesulfonate 5.35 (5.7 g, 15.95 mmol, 92% yield).

'H NMR (de-DMSO, 293 K): § 0.90 (d, J = 2.0 Hz, 3 H) 0.91 (d, /= 2.0 Hz, 3 H) 1.54 — 1.84
(m, 5H) 1.96 —2.15 (m, 2 H) 2.23 - 2.39 (m, 5 H) 3.97 (t, J=7.1 Hz, 1 H) 4.98 — 5.06 (m, 1 H)
7.11 (m,J=7.8 Hz, 2 H) 7.48 (m, J= 8.1 Hz, 2 H) 8.27 (br.s., 3 H)

(S)-Neopentyl 2-amino-4-methylpentanoate 4-methylbenzenesulfonate, 5.36:

Method as for 5.29, using the following reagents: 2,2-dimethylpropan-1-ol (10.99 g, 125 mmol),
(8)-2-amino-4-methylpentanoic acid (2 g, 15.25 mmol), 4-methylbenzenesulfonic acid
monohydrate (3.77 g, 19.82 mmol) and cyclohexane (100 ml). The reaction mixture was heated
under reflux for three days. The final product was: (S)-neopentyl 2-amino-4-methylpentanoate
4-methylbenzenesulfonate 5.36 (4.91 g, 13.16 mmol, 86% yield) as a white solid.

'H NMR (d¢-DMSO, 293 K): 6 0.90 (d, J=3.7 Hz, 2 H) 0.91 — 0.94 (m, 12 H) 1.54 — 1.81 (m, 3
H) 2.29 (s, 3 H) 3.84 (d,/=10.5 Hz, 1 H) 3.89 (d, /=10.5 Hz, 1 H) 3.98 — 4.08 (m, 1 H) 7.11
(d,/J=7.8Hz, 2 H) 7.48 (d, /= 8.1 Hz, 2 H) 8.20 — 8.41 (br.s., 3 H)

(25)-Tetrahydrofuran-3-yl 2-amino-4-methylpentanoate 4-methylbenzenesulfonate, 5.37:

Method as for 5.29, using the following reagents: (S)-2-amino-4-methylpentanoic acid (2 g,
15.25 mmol), tetrahydrofuran-3-ol (10.99 g, 125 mmol), 4-methylbenzenesulfonic acid
monohydrate (3.77 g, 19.82 mmol) and cyclohexane (50 ml). The reaction mixture was heated
at 110 °C for two nights. The final product was: (25)-tetrahydrofuran-3-yl 2-amino-4-
methylpentanoate 4-methylbenzenesulfonate 5.37 (3.37 g, 9.03 mmol, 59% yield) as a white
solid.

"H NMR (ds-DMSO, 293 K): § 0.90 (d, J=2.2 Hz, 2 H) 0.91 (d, J=2.2 Hz, 2 H) 1.54 — 1.77
(m, 3 H) 1.86 — 2.00 (m, 1 H) 2.13 — 2.25 (m, 1 H) 2.29 (s, 3 H) 3.69 — 3.87 (m, 4 H) 3.95 —
4.02 (m, 1 H)5.33-5.39 (m, 1 H) 7.11 (d, /= 8.1 Hz, 2 H) 7.47 (d, J= 8.1 Hz, 2 H) 8.28 (br.s.,
3 H)

25)-1-Methoxypropan-2-yl 2-amino-4-methylpentanoate 4-methylbenzenesulfonate (mixture of

diastereomers), 5.38:

Method as for 5.29, using the following reagents: (S)-2-amino-4-methylpentanoic acid (2.27 g,
17.31 mmol), 1-methoxypropan-2-ol (12.48 g, 138 mmol), 4-methylbenzenesulfonic acid
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monohydrate (4.28 g, 22.50 mmol) and cyclohexane (100 ml). The reaction mixture was heated
at 130 °C overnight. The final product was: (2S)-1-methoxypropan-2-yl 2-amino-4-
methylpentanoate 4-methylbenzenesulfonate 5.38 (950 mg, 2.53 mmol, 15% yield) as a white
solid. The ratio of diastereomers was ~1.5:1 by NMR, the absolute stereochemistry of the major
diastereomer was unassigned.

'H NMR (d¢-DMSO, 293 K): 6 0.85 — 1.01 (m, 6 H) 1.19 (d, J=4.7 Hz, 1.3 H) 1.21 (d, J= 4.9
Hz, 1.8 H) 1.50 — 1.68 (m, 2 H) 1.68 — 1.85 (m, 1 H) 2.29 (s, 3 H) 3.25 (s, 1.7 H) 3.27 (s, 1.2 H)
336-3.51(m,2H)3.93-4.02(m, 1 H)5.03-5.17 (m, 1 H) 7.11 (d, /= 7.8 Hz, 2 H) 7.48 (d,
J=8.1Hz, 2 H) 8.29 (br.s., 3 H)

(S)-Tetrahydro-2 H-pyran-4-yl 2-amino-4-methylpentanoate 4-methylbenzenesulfonate, 5.39:

Method as for 5.29, using the following reagents: tetrahydro-2H-pyran-4-ol (9.34 g, 91 mmol),
(8)-2-amino-4-methylpentanoic acid (1.5 g, 11.44 mmol), 4-methylbenzenesulfonic acid
monohydrate (2.83 g, 14.87 mmol) and cyclohexane (100 ml). The reaction mixture was heated
at 130 °C overnight. The final product was: (S)-tetrahydro-2H-pyran-4-yl 2-amino-4-
methylpentanoate 4-methylbenzenesulfonate 5.39 (2.8 g, 7.23 mmol, 63% yield) as a white
solid.

'H NMR (dg-DMSO, 293 K): 4 0.90 (d, J = 2.9 Hz, 3 H) 0.92 (d, J = 2.9 Hz, 3 H) 1.49 — 1.78
(m, 5 H) 1.84 —1.93 (m, 1 H) 2.29 (s, 3 H) 3.46 — 3.54 (m, 2 H) 3.76 — 3.82 (m, 2 H) 3.89 —
4.18 (m, 1 H)4.98 —5.05 (m, 1 H) 5.75 (s, 1 H) 7.11 (m, J=8.1 Hz, 2 H) 7.48 (m, J= 8.1 Hz, 2
H) 8.29 (br.s., 3 H)

(S)-Cyclopentyl 2-aminopentanoate hydrochloride, 5.40:

(S)-2-Aminopentanoic acid (2.5 g, 21.34 mmol) was added to cyclopentanol (30 ml) and the
suspension was brought to -5 °C using a dry ice/acetone bath. After stirring at this temperature
for ten minutes, thionyl chloride (3.58 ml, 49.1 mmol) was added dropwise. The suspension was
left stirring and allowed to warm to room temperature. It was stirred at this temperature for 18
hours. The reaction mixture was warmed to 60 °C and stirred at this temperature for 24 hours.
The volatile components were removed by evaporating under reduced pressure, and the crude
material was dried in a vacuum oven. The product was recrystallised from EtOAc, filtered,
washed, and dried to give a first batch of material (2.62 g) as a white solid. The filtrate from the
recrystallisation was concentrated under reduced pressure and dried in a vacuum oven to give a
brown solid. The solid was recrystallised from EtOAc, filtered, washed, and dried to give a
second batch of material (1.48 g) as an off-white solid. Both batches were combined to give the
required product (S)-cyclopentyl 2-aminopentanoate hydrochloride 5.40 (4.10 g, 18.48 mmol,
87% yield) as a white solid.
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'"H NMR (ds-DMSO, 293 K): § 0.89 (t, J= 7.3 Hz, 3 H) 1.20 — 1.50 (m, 2 H) 1.50 — 1.79 (m, 8
H) 1.79 - 1.96 (m, 2 H) 3.91 (t, J= 6.2 Hz, 1 H) 5.16 — 5.22 (m, 1 H) 8.49 (br.s., 3 H)

(8)-2-(((2-(5-Methyl-6-0x0-1,6-dihydropyridin-3-y1)-1-((tetrahydro-2 H-pyran-4-yl)methyl)-1 H-

benzo|dlimidazol-5-yl)methyl)amino)propanoic acid hydrochloride, 5.41:

1 M Aqueous lithium hydroxide solution (0.305 ml, 0.305 mmol) was added to a solution of (S)-
cyclopentyl 2-(((2-(5-methyl-6-oxo0-1,6-dihydropyridin-3-yl)-1-((tetrahydro-2 H-pyran-4-
yl)methyl)-1H-benzo[d]imidazol-5-yl)methyl)amino)propanoate 5.01 (50 mg, 0.102 mmol) in
MeOH (2 ml) and THF (2 ml). The reaction mixture was heated at 60 °C overnight. The
reaction mixture was blown down under a stream of nitrogen to give a white solid. The solid
was dissolved in MeOH (1.65 ml) and 2 M aqueous hydrochloric acid (0.15 ml, 0.305 mmol)
and purified by MDAP (high pH). The solvent was evaporated under reduced pressure and the
crude product was dried in a vacuum oven to give a white solid. The crude sample was
suspended in MeOH and 2 M aqueous hydrochloric acid (1 ml) was added. The clear solution
was blown down under a stream of nitrogen to give the required product (S)-2-(((2-(5-methyl-6-
ox0-1,6-dihydropyridin-3-yl)-1-((tetrahydro-2 H-pyran-4-yl)methyl)- 1 H-benzo[d|imidazol-5-
yl)methyl)amino)propanoic acid hydrochloride 5.41 (42.6 mg, 0.092 mmol, 91% yield) as a
white solid.

LCMS (high pH): rt = 0.49 min, MH" = 425

"H NMR (d¢-DMSO, 293 K): 0 1.14 — 1.27 (m, 2 H) 1.28 — 1.36 (m, 2 H) 1.55 (d, /= 7.1 Hz, 2
H) 1.93 - 2.06 (m, 1 H) 2.09 (s, 3 H) 3.08 — 3.19 (m, 3 H) 3.69 — 3.80 (m, 2 H) 3.95 — 4.08 (m,
1 H)4.29 -4.44 (m,3 H)7.69 (d, /=83 Hz, 1 H) 7.82 (d, /=12 Hz, 1 H) 7.98 — 8.13 (m, 3
H) 9.39-9.70 (br.s., 1 H) 9.85—10.17 (br.s., 1 H) 12.08 — 12.60 (br.s., 1 H)

(8)-2-(((2-(5-Methyl-6-ox0-1,6-dihydropyridin-3-yl)-1-((tetrahydro-2 H-pyran-4-yl)methy1)- 1 H-

benzo[d]imidazol-5-yl)methyl)amino)butanoic acid hydrochloride, 5.42:

(S)-Cyclopentyl  2-(((2-(5-methyl-6-0x0-1,6-dihydropyridin-3-yl)-1-((tetrahydro-2 H-pyran-4-
yl)methyl)-1H-benzo[d]imidazol-5-yl)methyl)amino)butanoate 5.02 (57.8 mg, 0.114 mmol) was
dissolved in MeOH (2 ml) and THF (2 ml), and 1 M aqueous lithium hydroxide solution (0.342

ml, 0.342 mmol) was added. The reaction mixture was stirred at 60 °C under nitrogen overnight.
The reaction mixture was blown down under a stream of nitrogen. The crude sample was
suspended in MeOH (1.63 ml) and 2 M aqueous hydrochloric acid (0.17 ml, 0.34 mmol) and
purified by MDAP (high pH). The solvent was evaporated under reduced pressure to give a
white solid. The solid was suspended in THF (2 ml) and 2 M aqueous hydrochloric acid (1 ml)
was added. The clear solution was blown down under a stream of nitrogen to give the crude

product as a white solid. NMR analysis showed significant presence of ammonium salt. The
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sample was repurified by MDAP (high pH). The solvent was evaporated under reduced pressure
to give a white solid, which was dried in a vacuum oven overnight. The solid was suspended in
THF (2 ml) and 2 M aqueous hydrochloric acid (1 ml) was added. The clear solution was blown
down under a stream of nitrogen to give the required product (S)-2-(((2-(5-methyl-6-oxo-1,6-
dihydropyridin-3-yl)-1-((tetrahydro-2 H-pyran-4-yl)methyl)-1 H-benzo[d]imidazol-5-
yl)methyl)amino)butanoic acid hydrochloride 5.42 (39.6 mg, 0.083 mmol, 73% yield) as a white
solid.

LCMS (high pH): rt = 0.50 min, MH" = 439

'H NMR (ds-DMSO0, 293 K): § 0.96 (t, J= 7.5 Hz, 3 H) 1.14 — 1.35 (m, 4 H) 1.87 — 2.06 (m, 3
H) 2.09 (s, 3 H) 3.08 — 3.15 (m, 2 H) 3.73 - 3.76 (m, 2 H) 3.88 (br.s., 1 H) 4.30 — 4.44 (m, 4 H)
7.66 (d, J=83 Hz, 1 H) 7.82 (s, 1 H) 8.01 — 8.08 (m, 3 H) 9.40 — 9.70 (br.s., 1 H) 9.70 — 9.99
(br.s., 1 H) 12.17 - 12.50 (br.s., 1 H)

(8)-2-(((2-(5-Methyl-6-0x0-1.6-dihydropyridin-3-y1)-1-((tetrahydro-2 H-pyran-4-y)methy1)- 1 H-

benzo[d]imidazol-5-yl)methyl)amino)pentanoic acid hydrochloride, 5.43:
(S)-Cyclopentyl  2-(((2-(5-methyl-6-o0x0-1,6-dihydropyridin-3-yl)-1-((tetrahydro-2 H-pyran-4-

yl)methyl)-1H-benzo[d]imidazol-5-yl)methyl)amino)pentanoate 5.03 (47 mg, 0.090 mmol) was
dissolved in MeOH (2 ml) and THF (2 ml), and 1 M aqueous lithium hydroxide solution (0.271
ml, 0.271 mmol) was added. The reaction mixture was stirred at 60 °C for 36 hours. The
reaction mixture was blown down under a stream of nitrogen. The crude sample was suspended
in MeOH (1.65 ml) and 2 M aqueous hydrochloric acid (0.15 ml, 0.27 mmol) and purified by
MDAP (high pH). The solvent was evaporated under reduced pressure to give a white solid,
which was dried in a vacuum oven. The solid was suspended in THF (2 ml) and 2 M aqueous
hydrochloric acid (1 ml) was added. The clear solution was blown down under a stream of
nitrogen to give the required product (S)-2-(((2-(5-methyl-6-oxo0-1,6-dihydropyridin-3-yl)-1-
((tetrahydro-2 H-pyran-4-yl)methyl)-1 H-benzo[d]imidazol-5-yl)methyl)amino)pentanoic ~ acid
hydrochloride 5.43 (37.7 mg, 0.077 mmol, 85% yield) as a white solid.

LCMS (high pH): rt = 0.54 min, MH" = 453

'"H NMR (de-DMSO, 293 K): 5 0.90 (t,J = 7.3 Hz, 3 H) 1.13 — 1.39 (m, 5 H) 1.42 — 1.58 (m, 1
H) 1.82 - 2.05 (m, 2 H) 2.09 (s, 3 H) 3.05-3.17 (m, 2 H) 3.67 — 3.81 (m, 2 H) 3.83 — 3.93 (i,
1 H)4.29 - 4.45 (m,4 H) 7.70 (d, J=8.6 Hz, 1 H) 7.83 (d, /= 1.2 Hz, 1 H) 8.04 — 8.10 (m, 3
H) 9.44 -9.73 (br.s., 1 H) 9.85—-10.19 (br.s., 1 H) 12.19 — 12.54 (br.s., 1 H)

(5)-3-Methyl-2-(((2-(5-methyl-6-0x0-1.6-dihydropyridin-3-y1)-1-((tetrahydro-2 H-pyran-4-
yDmethyl)-1H-benzo[d]imidazol-5-yl)methyl)amino)butanoic acid hydrochloride, 5.44:

1 M Aqueous lithium hydroxide solution (0.288 ml, 0.288 mmol) was added to a solution of (S)-
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cyclopentyl 3-methyl-2-(((2-(5-methyl-6-0xo0-1,6-dihydropyridin-3-yl)-1-((tetrahydro-2 H-
pyran-4-yl)methyl)-1H-benzo[d]imidazol-5-yl)methyl)amino)butanoate 5.04 (50 mg, 0.096
mmol) in MeOH (2 ml) and THF (2 ml). The reaction mixture was heated under nitrogen at 50
°C overnight. Further 1 M aqueous lithium hydroxide solution (0.288 ml, 0.288 mmol) was
added to the reaction mixture, which was stirred at 60 °C overnight. The reaction mixture was
blown down under a stream of nitrogen to give a white solid. The crude material was dissolved
in MeOH (1.5 ml) and 2 M aqueous hydrochloric acid (0.566 mmol, 0.3 ml), and purified by
MDAP (high pH). The solvent was evaporated under reduced pressure, and the crude material
was dried in a vacuum oven to give a white solid (16.8mg). The sample was suspended in a
mixture of DCM (2ml) MeOH (2 ml) and THF (2 ml), and 1 M aqueous sodium hydroxide
solution (37 ul, 0.037mmol) was added. After stirring for 5 min, the solution was blown down
under a stream of nitrogen to give a white solid (29.3 mg) which was found to be not very
soluble in DMSO. The sample was suspended in MeOH (1 ml) and 2 M aqueous hydrochloric
acid was added dropwise until dissolution was achieved, and the solution purified by MDAP
(high pH). The solvent was evaporated under reduced pressure and the crude sample was dried
in a vacuum oven to give a white solid. The crude product was suspended in MeOH and 2 M
aqueous hydrochloric acid (1 ml) was added. The clear solution was blown down under a stream
of nitrogen to give the required product (S)-3-methyl-2-(((2-(5-methyl-6-0x0-1,6-
dihydropyridin-3-yl)-1-((tetrahydro-2 H-pyran-4-yl)methyl)-1 H-benzo[d]imidazol-5-
yl)methyl)amino)butanoic acid hydrochloride 5.44 (28.2 mg, 0.058 mmol, 60% yield) as a white
solid.

LCMS (high pH): rt = 0.53 min, MH" = 453

'H NMR (ds-DMSO, 293 K): 6 0.97 (d, J = 6.9 Hz, 3 H) 1.05 (d, J= 7.1 Hz, 3 H) 1.16 — 1.26
(m, 2 H) 1.28 — 1.37 (m, 2 H) 1.93 — 2.06 (m, 1 H) 2.09 (s, 3 H) 2.41 — 2.49 (m, 1 H) 3.08 —
3.16 (m,2 H)3.69-3.79 (m,3 H)4.32-4.39 (m,2 H)4.42 (d,J=7.1Hz,2H) 7.73 (d, /= 8.6
Hz, 1 H) 7.84 (d, /= 1.2 Hz, 1 H) 8.04 — 8.13 (m, 3 H) 9.27 — 9.62 (br.s., 1 H) 9.77 — 10.11
(br.s., 1 H) 12.16 — 12.71 (br.s., 1 H)

(8)-3-Hydroxy-2-(((2-(5-methyl-6-ox0-1.6-dihydropyridin-3-y1)-1-((tetrahydro-2 H-pyran-4-

yDmethyl)-1H-benzo[d]imidazol-5-y)methyl)amino)propanoic acid hydrochloride, 5.45:

1 M Aqueous lithium hydroxide solution (0.295 ml, 0.295 mmol) was added to a solution of (S)-
cyclopentyl 3-hydroxy-2-(((2-(5-methyl-6-oxo- 1,6-dihydropyridin-3-yl)-1-((tetrahydro-2 H-
pyran-4-yl)methyl)-1H-benzo[d]imidazol-5-yl)methyl)amino)propanoate 5.05 (50 mg, 0.098
mmol) in MeOH (2 ml) and THF (2 ml). The reaction mixture was heated at 50 °C for 5 hours.

The reaction mixture was blown down under a stream of nitrogen to give a white solid. The
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crude material was dissolved in MeOH (1.65 ml) and 2 M aqueous hydrochloric acid (0.30
mmol, 0.15 m) and purified by MDAP (high pH). The solvent was evaporated under reduced
pressure and the crude sample was dried in a vacuum oven to give a white solid (34.4 mg). The
sample was suspended in a mixture of DCM (3 ml), MeOH (3 ml) and THF (3 ml), and 1 M
aqueous sodium hydroxide solution (98 pl, 0.098 mmol) was added. After stirring for 5 minutes,
the solution was blown down under a stream of nitrogen. Excess sodium hydroxide was present
in the sample. The sample was dissolved in DMSO (2 x 1 ml) and repurified by MDAP (high
pH). The solvent was evaporated under reduced pressure, and the crude sample was dried in a
vacuum oven to give a white solid (18.4 mg). The sample was suspended in MeOH and 2 M
aqueous hydrochloric acid (1 ml) was added. The clear solution was blown down under a stream
of nitrogen to give the crude product as a white solid. The sample was redissolved in 1:1
MeOH:DMSO (1 ml) and purified by MDAP (high pH). The solvent was evaporated under
reduced pressure and the crude sample was dried in a vacuum oven to give a white solid. The
crude product was suspended in MeOH and 2 M hydrochloric acid (1 ml) was added. The clear
solution was blown down under a stream of nitrogen to give the required product (S)-3-
hydroxy-2-(((2-(5-methyl-6-oxo0-1,6-dihydropyridin-3-yl)-1-((tetrahydro-2 H-pyran-4-
yl)methyl)-1H-benzo[d]imidazol-5-yl)methyl)amino)propanoic acid hydrochloride 5.45 (32.8
mg, 0.069 mmol, 70% yield) as a white solid.

LCMS (high pH): rt = 0.48 min, MH" = 441

"H NMR (ds-DMSO, 293 K): 6 1.14 — 1.29 (m, 2 H) 1.30 — 1.39 (m, 2 H) 1.93 — 2.06 (m, 1 H)
2.09 (s,3 H) 3.08 —3.14 (m, 2 H) 3.70 — 3.79 (m, 2 H) 3.88 —3.96 (m, 1 H) 3.96 — 4.00 (br.s., 1
H) 4.00 -4.07 (m, 1 H) 4.38 —4.48 (m, 5H) 7.74 (d, /= 8.6 Hz, 1 H) 7.83 —7.85 (m, 1 H) 8.08
—8.13 (m, 3 H) 9.45-9.73 (br.s., 1 H) 9.73 — 10.04 (br.s., 1 H) 12.24 — 12.63 (br.s., 1 H)

(25,3 R)-3-Hydroxy-2-(((2-(5-methyl-6-0x0-1.6-dihydropyridin-3-yl)-1-((tetrahydro-2H-pyran-
4-yDmethyl)-1H-benzo[d]imidazol-5-yl)methyl)amino)butanoic acid hydrochloride, 5.46:

1 M Aqueous lithium hydroxide solution (0.287 ml, 0.287 mmol) was added to a solution of
(28,3R)-cyclopentyl 3-hydroxy-2-(((2-(5-methyl-6-0x0-1,6-dihydropyridin-3-yl)-1-((tetrahydro-
2H-pyran-4-yl)methyl)-1 H-benzo[d]imidazol-5-yl)methyl)amino)butanoate 5.06 (50 mg, 0.096
mmol) in MeOH (2 ml) and THF (2 ml). The reaction mixture was heated at 50 °C for 5 hours.
The reaction mixture was blown down under a stream of nitrogen to give an off-white solid. The
crude material was dissolved in MeOH (1.66 ml) and 2 M aqueous hydrochloric acid (0.29
mmol, 0.14 ml) and purified by MDAP (high pH). The solvent was evaporated under reduced
pressure, and the crude material was dried in a vacuum oven to give a white solid (31.4 mg).

The sample was suspended in a mixture of DCM (3 ml), MeOH (3 ml) and THF (3 ml), and 1
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M aqueous sodium hydroxide solution (96 pl, 0.096mmol) was added. After stirring for 5
minutes, the solution was blown down under a stream of nitrogen. Excess sodium hydroxide
was present in the sample. The crude sample was dissolved in DMSO (2 x 1 ml) and repurified
by MDAP (high pH). The solvent was evaporated under reduced pressure and the crude sample
was dried in a vacuum oven to give a white solid. The crude product was suspended in MeOH
and 2 M aqueous hydrochloric acid (1 ml) was added. The clear solution was blown down a
stream of nitrogen to give the required product (2S5,3R)-3-hydroxy-2-(((2-(5-methyl-6-oxo0-1,6-
dihydropyridin-3-yl)-1-((tetrahydro-2 H-pyran-4-yl)methyl)- 1 H-benzo[d]imidazol-5-
yl)methyl)amino)butanoic acid hydrochloride 5.46 (40.3 mg, 0.082 mmol, 86% yield) as a white
solid.

LCMS (high pH): rt = 0.49 min, MH" = 455

"H NMR (de-DMSO, 293 K): 6 1.15 - 1.27 (m, 5 H) 1.29 — 1.38 (m, 1 H) 1.94 — 2.07 (m, 1 H)
2.09 (s, 3 H) 3.09 — 3.16 (m, 2 H) 3.56 — 3.63 (m, 1 H) 3.70 — 3.79 (m, 2 H) 4.10 — 4.18 (m, 1
H)4.38-4.47 (m,4H)7.71 (d,/J=8.8 Hz, 1 H) 7.84 (d, /= 1.2 Hz, 1 H) 8.06 — 8.13 (m, 3 H)
9.44-9.71 (brss., 1 H)

(8)-4-Methoxy-2-(((2-(5-methyl-6-0x0-1,6-dihydropyridin-3-yl)-1-((tetrahydro-2H-pyran-4-

yDmethyl)-1H-benzo[d]imidazol-5-yl)methyl)amino)butanoic acid hydrochloride, 5.47:

(S)-Cyclopentyl 4-methoxy-2-(((2-(5-methyl-6-0x0-1,6-dihydropyridin-3-yl)-1-((tetrahydro-2H-
pyran-4-yl)methyl)-1H-benzo[d]imidazol-5-yl)methyl)amino)butanoate 5.07 (55.5 mg, 0.103
mmol) was dissolved in MeOH (2 ml) and THF (2 ml), and 1 M aqueous lithium hydroxide

solution (0.310 ml, 0.310 mmol) was added. The reaction mixture was stirred at 60 °C under
nitrogen overnight. The reaction mixture was blown down under a stream of nitrogen. The
crude sample was suspended in MeOH (1.65 ml) and 2 M aqueous hydrochloric acid (0.15 ml,
0.3 mmol) and purified by MDAP (high pH). The solvent was evaporated under reduced
pressure to give a white solid. The solid was suspended in THF (2 ml) and 2 M aqueous
hydrochloric acid (1 ml) was added. The clear solution was blown down under a stream of
nitrogen to give the crude product as a white solid. The sample was repurified by MDAP (high
pH). The solvent was evaporated under reduced pressure to give a white solid, which was dried
in a vacuum oven overnight. The sample was suspended in THF (2 ml) and 2 M aqueous
hydrochloric acid (1 ml) was added. The clear solution was blown down under a stream of
nitrogen to give the required product (S)-4-methoxy-2-(((2-(5-methyl-6-o0x0-1,6-dihydropyridin-
3-yl)-1-((tetrahydro-2 H-pyran-4-yl)methyl)- 1 H-benzo[d]imidazol-5-yl)methyl)amino)butanoic
acid hydrochloride 5.47 (33.8 mg, 0.067 mmol, 65% yield) as a white solid.
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LCMS (high pH): rt = 0.51 min, MH" = 469

'H NMR (ds-DMSO, 293 K): 6 1.13 — 1.33 (m, 4 H) 1.92 — 2.03 (m, 1 H) 2.09 (s, 3 H) 3.06 —
3.17 (m, 2 H) 3.23 (s, 3 H) 3.89 - 3.97 (m, 2 H) 4.31 — 4.41 (m, 4 H) 7.54 — 7.60 (m, 1 H) 7.79
(s, 1 H) 7.89 — 8.02 (m, 3 H) 9.38 — 9.69 (br.s., 2 H) Three protons are obscured by a broad
water peak at 3.44 — 3.79 ppm.

(S)-1-((2-(5-Methyl-6-0x0-1.6-dihydropyridin-3-y1)-1-((tetrahydro-2 H-pyran-4-yl)methyl)-1 H-

benzo[d]imidazol-5-yl)methyDpyrrolidine-2-carboxylic acid hydrochloride, 5.48:

To a solution of (S)-cyclopentyl 1-((2-(5-methyl-6-oxo-1,6-dihydropyridin-3-yl)-1-((tetrahydro-
2H-pyran-4-yl)methyl)-1 H-benzo[d]imidazol-5-yl)methyl)pyrrolidine-2-carboxylate 5.08 (35
mg, 0.067 mmol) in MeOH (2 ml) and THF (2 ml) was added 1 M aqueous lithium hydroxide
solution (0.202 ml, 0.202 mmol), and the reaction mixture heated at 50 °C overnight. The
reaction mixture was blown down under a stream of nitrogen. The sample was dissolved in 2 M
aqueous hydrochloric acid (0.1 ml) and MeOH (0.9 ml) and purified by MDAP (high pH). The
solvent was blown down under a stream of nitrogen and the residue suspended in THF (1 ml). 2
M aqueous hydrochloric acid (0.5 ml) was added and the resulting solution blown down under a
stream of nitrogen to give the required product (S)-1-((2-(5-methyl-6-o0x0-1,6-dihydropyridin-3-
yl)-1-((tetrahydro-2 H-pyran-4-yl)methyl)-1 H-benzo[d]/imidazol-5-yl)methyl)pyrrolidine-2-
carboxylic acid hydrochloride 5.48 (24 mg, 0.049 mmol, 73% yield) as an off-white solid.
LCMS (high pH): rt = 0.52 min, MH" = 451

"H NMR (ds-DMSO, 293 K): 9 1.17 — 1.28 (m, 2 H) 1.35 (d, J=11.9 Hz, 2 H) 1.83 — 1.95 (m, 1
H) 1.96 —2.16 (m, 6 H) 3.13 (t, J=10.9 Hz, 2 H) 3.27 — 3.40 (m, 1 H) 3.40 — 3.52 (m, 1 H) 3.69
—3.80 (m, 2 H) 4.40 — 4.49 (m, 3 H) 4.57 (d,/J=12.6 Hz, 1 H) 4.73 (d, /= 12.6 Hz, 1 H) 7.75
(d,J=8.6Hz, 1 H) 7.85 (s, 1 H) 8.08 — 8.11 (m, 2 H) 8.14 (d, /= 8.6 Hz, 1 H) 10.32 — 10.57
(br.s., 1 H) 12.18 — 12.67 (br.s., 1 H)

2-Methyl-2-(((2-(5-methyl-6-0x0-1,6-dihydropyridin-3-y1)-1-((tetrahydro-2 H-pyran-4-

yl)methyl)-1H-benzo[d]imidazol-5-yl)methyl)amino)propanoic acid hydrochloride, 5.49:

1 M Aqueous lithium hydroxide solution (0.237 ml, 0.237 mmol) was added to a solution of
cyclopentyl 2-methyl-2-(((2-(5-methyl-6-oxo0-1,6-dihydropyridin-3-yl)-1-((tetrahydro-2 H-
pyran-4-yl)methyl)-1H-benzo[d]imidazol-5-yl)methyl)amino)propanoate 5.09 (40 mg, 0.079
mmol) in MeOH (2 ml) and THF (2 ml). The reaction mixture was heated at 60 °C for two
nights. The reaction mixture was blown down under a stream of nitrogen to give a white solid.
The crude sample was dissolved in MeOH (1.68 ml) and 2 M aqueous hydrochloric acid (0.12
ml) and purified by MDAP (high pH). The solvent was evaporated under reduced pressure, and

the crude sample was dried in a vacuum oven to give a white solid. The sample was suspended
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in THF and 2 M aqueous hydrochloric acid (1 ml) was added. The clear solution was blown
down under a stream of nitrogen to give the required product 2-methyl-2-(((2-(5-methyl-6-oxo-
1,6-dihydropyridin-3-yl)-1-((tetrahydro-2 H-pyran-4-yl)methyl)-1 H-benzo[ d|imidazol-5-
yl)methyl)amino)propanoic acid hydrochloride 5.49 (30.6 mg, 0.064 mmol, 82% yield) as a
white solid.

LCMS (high pH): rt = 0.51 min, MH" = 439

'H NMR (ds-DMSO, 293 K): § 1.15 — 1.26 (m, 2 H) 1.27 — 1.33 (m, 2 H) 1.64 (s, 6 H) 1.94 —
2.06 (m, 1 H) 2.09 (s, 3 H) 3.07 - 3.16 (m, 2 H) 3.71 — 3.80 (m, 2 H) 4.25 - 4.34 (m, 2 H) 4.41
(d,/J=7.1Hz,2 H) 7.68 (d,J=8.3 Hz, 1 H) 7.81 — 7.85 (m, 1 H) 8.01 — 8.09 (m, 3 H) 9.79 (br.
s.,2H) 12.25-12.47 (m, 1 H)

(8)-3-(1H-Imidazol-5-yD-2-(((2-(5-methyl-6-ox0-1.6-dihydropyridin-3-yl)-1-((tetrahydro-2 H-

pyran-4-yl)methyl)-1H-benzo[d]imidazol-5-yl)methyl)amino)propanoic acid bis-hydrochloride,
5.50:
To a solution of (S)-cyclopentyl 3-(1H-imidazol-5-y1)-2-(((2-(5-methyl-6-0x0-1,6-

dihydropyridin-3-yl)-1-((tetrahydro-2 H-pyran-4-yl)methyl)-1 H-benzo[d]imidazol-5-
yl)methyl)amino)propanoate 5.10 (35 mg, 0.063 mmol) in MeOH (2 ml) and THF (2 ml) was
added 1 M aqueous lithium hydroxide (0.188 ml, 0.188 mmol), and the reaction mixture heated
at 50 °C overnight. The reaction mixture had at this point evaporated to dryness. The reaction
mixture was blown down under a stream of nitrogen. The sample was dissolved in 2 M aqueous
hydrochloric acid (0.1 ml) and MeOH (0.9 ml) and purified by MDAP (high pH). The solvent
was blown down under a stream of nitrogen to give a white gum. The sample was suspended in
THF (1 ml) and 2 M aqueous hydrochloric acid (0.5 ml) added to give a clear solution. The
sample was blown down under a stream of nitrogen to give the required product (S)-3-(1H-
imidazol-5-yl)-2-(((2-(5-methyl-6-oxo-1,6-dihydropyridin-3-yl)-1-((tetrahydro-2 H-pyran-4-
yl)methyl)-1H-benzo[d]imidazol-5-yl)methyl)amino)propanoic acid bis-hydrochloride 5.50 (27
mg, 0.048 mmol, 76% yield) as an off-white solid.

LCMS (high pH): rt = 0.48 min, MH" = 491

'H NMR (ds-DMSO, 293 K): 6 1.14 — 1.30 (m, 2 H) 1.33 — 1.39 (m, 2 H) 1.95 — 2.07 (m, 1 H)
2.09 (s,3H)3.15(d,J=12.6 Hz,2 H) 3.45 (dd, /= 15.7, 8.3 Hz, 1 H) 3.61 (dd, J = 15.7, 4.9
Hz, 1 H) 3.68 — 3.82 (m, 2 H) 4.38 — 4.61 (m, 5 H) 7.56 (s, 1 H) 7.76 — 7.94 (m, 2 H) 8.14 —
8.22 (m, 3 H)9.08 (d,/J=1.0 Hz, 1 H) 14.44 — 14.78 (br.s., 1 H)
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(8)-2-(((2-(5-Methyl-6-0x0-1.6-dihydropyridin-3-y1)-1-((tetrahydro-2 H-pyran-4-yl)methy1)- 1 H-

benzo[d]imidazol-5-yl)methyl)amino)-2-(tetrahydro-2 H-pyran-4-ylacetic _acid hydrochloride,
(S)-Cyclopentyl  2-(((2-(5-methyl-6-0x0-1,6-dihydropyridin-3-yl)-1-((tetrahydro-2 H-pyran-4-
yl)methyl)-1H-benzo[d]imidazol-5-yl)methyl)amino)-2-(tetrahydro-2 H-pyran-4-yl)acetate 5.11
(61.1 mg, 0.109 mmol) was dissolved in MeOH (2 ml) and THF (2 ml), and 1 M aqueous

lithium hydroxide solution (1 ml, 1.000 mmol) was added. The reaction mixture was stirred at
60 °C under nitrogen overnight. The reaction mixture was blown down under a stream of
nitrogen. The crude sample was suspended in MeOH (1.3 ml) and 2 M aqueous hydrochloride
solution (0.5 ml) and purified by MDAP (high pH). The solvent was evaporated under reduced
pressure to give a white solid. The sample was suspended in THF (2 ml), and 2 M aqueous
hydrochloric acid (1 ml) was added. The clear solution was blown down under a stream of
nitrogen to give the crude product as a white solid. The sample was repurified by MDAP (high
pH). The solvent was evaporated under reduced pressure to give a white solid, which was dried
in a vacuum oven overnight. The sample was suspended in THF (2 ml) and 2 M aqueous
hydrochloric acid (1 ml) was added. The clear solution was blown down under a stream of
nitrogen to give the required product (S)-2-(((2-(5-methyl-6-oxo-1,6-dihydropyridin-3-yl)-1-
((tetrahydro-2 H-pyran-4-yl)methyl)-1 H-benzo[d]imidazol-5-yl)methyl)amino)-2-(tetrahydro-
2H-pyran-4-yl)acetic acid hydrochloride 5.51 (29.6 mg, 0.056 mmol, 51% yield) as a white
solid.

LCMS (high pH): rt = 0.51 min, MH" = 495

'H NMR (ds-DMSO, 293 K): 6 1.17 — 1.28 (m, 3 H) 1.28 — 1.37 (m, 2 H) 1.53 — 1.63 (m, 2 H)
1.70 - 1.78 (m, 1 H) 1.95-2.05 (m, 1 H) 2.09 (s, 3 H) 2.31 —2.44 (m, 1 H) 3.12 (t, /= 10.9 Hz,
2H)3.21-331(m,2H)3.71 —3.78 (m, 2 H) 3.85 -3.93 (m, 2 H) 4.32 — 4.46 (m, 4 H) 7.71
(d, /J=8.6 Hz, 1 H) 7.83 (s, 1 H) 8.04 — 8.12 (m, 3 H) 9.40 — 9.66 (br.s., 1 H) 9.81 — 10.07
(br.s., 1 H) 12.22 — 12.55 (br.s., 1 H)

1-(((2-(5-Methyl-6-0x0-1,6-dihydropyridin-3-y)-1-((tetrahydro-2 H-pyran-4-yl)methy1)-1 H-

benzo[d]imidazol-5-yl)methyl)amino)cyclobutanecarboxvlic acid hydrochloride, 5.52:

To a solution of cyclopentyl 1-(((2-(5-methyl-6-0x0-1,6-dihydropyridin-3-yl)-1-((tetrahydro-
2 H-pyran-4-yl)methyl)-1H-benzo[d]imidazol-5-yl)methyl)amino)cyclobutanecarboxylate  5.12
(35 mg, 0.067 mmol) in MeOH (2 ml) and THF (2 ml) was added 1 M aqueous lithium
hydroxide solution (0.202 ml, 0.202 mmol), and the reaction mixture heated at 50 °C under
nitrogen overnight. The reaction mixture was blown down under a stream of nitrogen. The

sample was dissolved in 2 M aqueous hydrochloric acid (0.1 ml) and MeOH (0.9 ml) and
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purified by MDAP (high pH). The solvent was blown down under a stream of nitrogen to give a
white gum. The sample was suspended in THF (1 ml) and 2 M aqueous hydrochloric acid (0.5
ml) added to give a clear solution. The mixture was blown down under a stream of nitrogen to
give the required product 1-(((2-(5-methyl-6-0xo0-1,6-dihydropyridin-3-yl)-1-((tetrahydro-2H-
pyran-4-yl)methyl)-1H-benzo[d]imidazol-5-yl)methyl)amino)cyclobutanecarboxylic acid
hydrochloride 5.52 (19 mg, 0.039 mmol, 58% yield) as an off-white solid.

LCMS (high pH): rt = 0.52 min, MH" = 451

'H NMR (de-DMSO, 293 K): 0 1.13 — 1.29 (m, 2 H) 1.34 (d, J=11.1 Hz, 2 H) 1.97 — 2.14 (m, 6
H)2.40 —2.48 (m, 2 H) 2.72 - 2.82 (m, 2 H) 3.09 - 3.17 (m, 2 H) 3.75 (dd, /=112, 2.7 Hz, 2
H)4.25-4.30 (m,2 H) 4.45(d,J=7.3Hz,3H)7.76 (dd,J=8.6, 1.0 Hz, 1 H) 7.85 (d, J=1.3
Hz, 1 H) 8.08 (s, 1 H) 8.14 (d, J=2.3 Hz, 1 H) 8.17 (d, /= 8.6 Hz, 1 H) 10.21 — 10.41 (br.s., 2
H)

(25.3R)-Cyclopentyl 2-(((2-(1,5-dimethyl-6-0x0-1.6-dihydropyridin-3-yl)-1-((tetrahydro-2 H-

pyran-4-yl)methyl)-1H-benzo[d]imidazol-5-y)methyl)amino)-3-hydroxybutanoate, 5.53:

Method as for 5.01, using the following reagents: 2-(1,5-dimethyl-6-oxo0-1,6-dihydropyridin-3-
yl)-1-((tetrahydro-2 H-pyran-4-yl)methyl)-1H-benzo[d]imidazole-5-carbaldehyde 5.61 (150 mg,
0.410 mmol), (2S,3R)-cyclopentyl 2-amino-3-hydroxybutanoate 4-methylbenzenesulfonate 5.25
(295 mg, 0.821 mmol), sodium triacetoxyborohydride (174 mg, 0.821 mmol) and DCM (10 ml).
The final product was: (25,3R)-cyclopentyl 2-(((2-(1,5-dimethyl-6-ox0-1,6-dihydropyridin-3-
yl)-1-((tetrahydro-2 H-pyran-4-yl)methyl)-1 H-benzo[d]imidazol-5-yl)methyl)amino)-3-
hydroxybutanoate 5.53 (138 mg, 0.257 mmol, 63% yield) as a colourless gum.

LCMS (high pH): rt = 0.91 min, MH" = 537

"H NMR (de-DMSO, 293 K): 6 1.06 — 1.27 (m, 7 H) 1.50 — 1.69 (m, 6 H) 1.75 — 1.87 (m, 2 H)
1.90 —2.01 (m, 1 H) 2.11 (s, 3 H) 3.01 (d,/=4.8 Hz, 1 H) 3.11 (t, J=11.1 Hz, 2 H) 3.56 (s, 3
H) 3.66 (d,/J=13.1 Hz, 1 H) 3.68 —3.77 (m, 2 H) 3.77 — 3.86 (m, 1 H) 3.90 (d, /= 13.1 Hz, 1
H) 4.26 (d, J=7.3 Hz, 2 H) 4.63 — 4.70 (m, 1 H) 5.06 — 5.15 (m, 1 H) 7.22 (d, /= 8.3 Hz, 1 H)
7.53 (s, 1 H)7.60 (d,J=8.3Hz, 1 H)7.73 (s, 1 H) 8.11 (s, 1 H)

(S)-Neopentyl 3-methyl-2-(((2-(5-methyl-6-0x0-1.6-dihydropyridin-3-y1)-1-((tetrahydro-2H-

pyran-4-yl)methyl)-1H-benzo[d]imidazol-5-yl)methyl)amino)butanoate, 5.54:

Method as for 5.01, using the following reagents: 2-(5-methyl-6-oxo-1,6-dihydropyridin-3-yl)-
1-((tetrahydro-2 H-pyran-4-yl)methyl)-1 H-benzo[d]imidazole-5-carbaldehyde 5.19 (75 mg,
0.213 mmol), (S)-neopentyl 2-amino-3-methylbutanoate 4-methylbenzenesulfonate 5.62 (153
mg, 0.427 mmol), sodium triacetoxyborohydride (90 mg, 0.427 mmol) and DCM (5 ml). The
final product was: (S)-neopentyl 3-methyl-2-(((2-(5-methyl-6-oxo0-1,6-dihydropyridin-3-yl)-1-

298



CONFIDENTIAL — PROPERTY OF GSK— DO NOT COPY

((tetrahydro-2 H-pyran-4-yl)methyl)-1 H-benzo[d]imidazol-5-yl)methyl)amino)butanoate ~ 5.54
(56 mg, 0.107 mmol, 50% yield) as a yellow gum.

LCMS (high pH): rt = 1.16 min, MH" = 523

'"H NMR (d¢-DMSO, 293 K): 6 0.84 — 0.95 (m, 15 H) 1.12 — 1.28 (m, 4 H) 1.82 — 2.02 (m, 2 H)
2.07 (s, 3 H) 2.96 (d, /J=5.8 Hz, 1 H) 3.06 — 3.16 (m, 2 H) 3.63 (d, /= 13.1 Hz, 1 H) 3.69 —
3.73 (m, 1 H) 3.88 (d,/J=13.4Hz, 1 H)4.20 (d,/J="7.1 Hz,2 H) 7.20 (d, /= 8.3 Hz, 1 H) 7.52
(s, 1H)7.58 (d,J=8.3Hz, 1 H)7.70 = 7.74 (m, 2 H) 11.90 (br.s., 1 H)

(25.3R)-Neopentyl 3-hydroxy-2-(((2-(5-methyl-6-0x0-1.6-dihydropyridin-3-y1)-1-((tetrahydro-
2H-pyran-4-y)methyl)-1H-benzo[d]imidazol-5-yl)methyl)amino)butanoate, 5.55:

Method as for 5.01, using the following reagents: 2-(5-methyl-6-oxo-1,6-dihydropyridin-3-yl)-
1-((tetrahydro-2 H-pyran-4-yl)methyl)-1 H-benzo[d]imidazole-5-carbaldehyde 5.19 (75 mg,
0.213 mmol), (2S,3R)-neopentyl 2-amino-3-hydroxybutanoate 4-methylbenzenesulfonate 5.63
(154 mg, 0.427 mmol), sodium triacetoxyborohydride (90 mg, 0.427 mmol) and DCM (5 ml).
The final product was: (25,3R)-neopentyl  3-hydroxy-2-(((2-(5-methyl-6-ox0-1,6-
dihydropyridin-3-yl)-1-((tetrahydro-2 H-pyran-4-yl)methyl)-1 H-benzo[d]imidazol-5-
yl)methyl)amino)butanoate 5.55 (35 mg, 0.067 mmol, 31% yield) as a yellow gum.

LCMS (high pH): 1t = 0.93 min, MH" = 524

'H NMR (dg-DMSO, 293 K): 6 0.92 (s, 9 H) 1.11 — 1.27 (m, 7 H) 1.88 — 2.04 (m, 1 H) 2.07 (s, 3
H) 3.07 - 3.19 (m, 4 H) 3.67 (d, J=13.1 Hz, 1 H) 3.69 — 3.75 (m, 2 H) 3.79 (d, /= 10.4 Hz, 1
H) 3.82 -3.90 (m, 1 H) 3.94 (m, J=13.1 Hz, 1 H) 4.20 (d, /J=7.3 Hz, 1 H) 4.63 — 4.74 (m, 1
H) 7.07 (dd, J=8.3, 1.3 Hz, 1 H) 7.53 (s, 1 H) 7.59 (d, J=8.3 Hz, 1 H) 7.71 — 7.75 (m, 2 H)

(25.3R)-Neopentyl 2-(((2-(1,5-dimethyl-6-0x0-1,6-dihydropyridin-3-yl)-1-((tetrahydro-2 H-

ran-4-yl)methyl)-1H-benzo[d]imidazol-5-yl)methyl)amino)-3-hydroxybutanoate

Method as for 5.01, using the following reagents: 2-(1,5-dimethyl-6-ox0-1,6-dihydropyridin-3-
yl)-1-((tetrahydro-2 H-pyran-4-yl)methyl)-1 H-benzo[d]imidazole-5-carbaldehyde 5.61 (75 mg,
0.205 mmol), (25,3R)-neopentyl 2-amino-3-hydroxybutanoate 4-methylbenzenesulfonate 5.63
(148 mg, 0.410 mmol), sodium triacetoxyborohydride (87 mg, 0.410 mmol) and DCM (5 ml).
The final product was: (25,3R)-neopentyl 2-(((2-(1,5-dimethyl-6-oxo0-1,6-dihydropyridin-3-yl)-
1-((tetrahydro-2 H-pyran-4-yl)methyl)- 1 H-benzo[d]imidazol-5-yl)methyl)amino)-3-
hydroxybutanoate 5.56 (30 mg, 0.056 mmol, 27% yield) as a colourless gum.

LCMS (high pH): rt = 0.98 min, MH" = 539
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"H NMR (d¢-DMSO, 293 K): 6 0.92 (s, 9 H) 1.10 — 1.24 (m, 7 H) 1.88 — 2.03 (m, 1 H) 2.10 (s, 3
H)2.26 — 2.41 (m, 1 H) 3.05 - 3.15 (m, 3 H) 3.56 (s, 3 H) 3.63 — 3.83 (m, 5 H) 3.94 (d, J = 13.1
Hz, 1 H) 4.25(d,J=7.1 Hz, 2 H) 4.69 (d, J= 5.3 Hz, 1 H) 7.23 (dd, /= 8.3, 1.0 Hz, 1 H) 7.54
(s, 1 H)7.61 (d,J=83Hz, 1 H)7.73 (d,J= 1.0 Hz, | H)8.11 (d,J=2.3 Hz, 1 H)

(2S.3R)-Isobutyl 2-(((2-(1,5-dimethyl-6-0x0-1,6-dihydropyridin-3-yl)-1-((tetrahydro-2H-pyran-
4-y)methyl)-1H-benzo[d]imidazol-5-y)methyl)amino)-3-hydroxybutanoate, 5.57:

To a mixture of 2-(1,5-dimethyl-6-oxo0-1,6-dihydropyridin-3-yl)-1-((tetrahydro-2H-pyran-4-
yl)methyl)-1H-benzo[d]imidazole-5-carbaldehyde 5.61 (75 mg, 0.205 mmol) in DCM (5 ml)
was added (2S,3R)-isobutyl 2-amino-3-hydroxybutanoate 4-methylbenzenesulfonate 5.64 (143
mg, 0.410 mmol) and triethylamine (0.072 ml, 0.513 mmol), and the reaction mixture stirred at
room temperature for 1 hour. Sodium triacetoxyborohydride (87 mg, 0.410 mmol) was added,
and the reaction mixture stirred at room temperature overnight. Saturated sodium bicarbonate
solution (10 ml) was added and the organic layer separated. The aqueous layer was extracted
with further DCM (10 ml), and the organic layers were combined, dried using a hydrophobic
frit, and blown down under a stream of nitrogen. The sample was dissolved in DMSO (1 ml)
and purified by MDAP (high pH). The solvent was blown down under a stream of nitrogen to
give crude product of insufficient purity. The sample was again dissolved in DMSO (1 ml) and
purified by MDAP (high pH). The solvent was blown down under a stream of nitrogen and
dried in a vacuum oven to give the required product (25,3R)-isobutyl 2-(((2-(1,5-dimethyl-6-
ox0-1,6-dihydropyridin-3-yl)-1-((tetrahydro-2 H-pyran-4-yl)methyl)- 1 H-benzo[d]imidazol-5-
yl)methyl)amino)-3-hydroxybutanoate 5.57 (26 mg, 0.050 mmol, 24% yield) as an off-white
foam.

LCMS (high pH): rt = 0.91 min, MH" = 525

"H NMR (d¢-DMSO0, 293 K): 6 0.92 (d, J= 6.6 Hz, 6 H) 1.06 — 1.26 (m, 7 H) 1.82 — 2.02 (m, 2
H) 2.10 (s, 3 H) 3.05 - 3.19 (m, 3 H) 3.56 (s, 3 H) 3.64 — 3.76 (m, 3 H) 3.81 — 3.90 (m, 3 H)
393(d,J=13.1Hz, 1 H)4.26 (d,J=7.1 Hz, 2 H) 4.61 —4.79 (m, 1 H) 7.22 (dd, J=8.3, 1.3
Hz, 1 H)7.54 (s, 1 H) 7.61 (d, /=83 Hz, 1 H) 7.71 — 7.75 (m, 1 H) 8.11 (d, /J=2.3 Hz, 1 H)
Remaining analysis performed on subsequent batch synthesised using similar conditions.

PC NMR (de-DMSO, 300 K): 6 17.4, 19.4, 20.7, 27.8, 30.4, 35.6, 37.9, 49.9, 52.2, 66.7, 66.8,
68.0, 70.3, 108.9, 111.2, 118.4, 123.2, 128.3, 134.6, 135.6, 137.3, 138.7, 142.9, 151.0, 162.3,
173.7.

M.pt.: 78-80 °C

HRMS: (C,0H4N4O5) MH" requires 525.3077, found MH™ 525.3070

[op] 247 (¢ 1.0, MeOH): -27.6 °

300



CONFIDENTIAL — PROPERTY OF GSK— DO NOT COPY

(8)-Cyclopentyl 3-methoxy-2-(((2-(5-methyl-6-0x0-1.6-dihydropyridin-3-y1)-1-((tetrahydro-2H-

pyran-4-yl)methyl)-1H-benzo[d]imidazol-5-yl)methyl)amino)propanoate, 5.58:

Method as for 5.01, using the following reagents: 2-(5-methyl-6-oxo-1,6-dihydropyridin-3-yl)-
1-((tetrahydro-2 H-pyran-4-yl)methyl)-1 H-benzo[d]imidazole-5-carbaldehyde 5.19 (120 mg,
0.341 mmol), (S)-cyclopentyl 2-amino-3-methoxypropanoate hydrochloride 5.65 (153 mg,
0.683 mmol), triethylamine (0.119 ml, 0.854 mmol), sodium triacetoxyborohydride (145 mg,
0.683 mmol) and DCM (5 ml). The final product was: (S)-cyclopentyl 3-methoxy-2-(((2-(5-
methyl-6-ox0-1,6-dihydropyridin-3-yl)-1-((tetrahydro-2 H-pyran-4-yl)methyl)- 1 H-
benzo[d]imidazol-5-yl)methyl)amino)propanoate 5.58 (127 mg, 0.243 mmol, 71% yield) as a
white solid.

LCMS (high pH): 1t = 0.92 min, MH" = 523

'H NMR (ds-DMSO, 293 K): 6 1.10 — 1.26 (m, 4 H) 1.49 — 1.72 (m, 6 H) 1.74 — 1.87 (m, 2 H)
1.88 —2.03 (m, 1 H) 2.07 (s, 3 H) 3.05 - 3.16 (m, 2 H) 3.21 (s, 3 H) 3.32 - 3.38 (m, 1 H) 3.49
(dd, J=5.5,1.3 Hz, 2 H) 3.66 — 3.77 (m, 3 H) 3.86 (d, /= 13.2 Hz, 1 H) 4.20 (d, /= 7.3 Hz, 2
H) 5.07 - 5.13 (m, 1 H) 7.20 (dd, J=8.3, 1.2 Hz, 1 H) 7.50 (s, 1 H) 7.59 (d, J = 8.3 Hz, 1 H)
7.70 —7.75 (m, 2 H) 11.65 — 12.01 (br.s., 1 H)

1.5-Dimethyl-6-0x0-1,6-dihydropyridine-3-carbaldehyde, 5.59:
A mixture of 5-methyl-6-ox0-1,6-dihydropyridine-3-carbaldehyde 3.25 (5 g, 36.5 mmol) and

potassium carbonate (10.08 g, 72.9 mmol) in DMF (50 ml) was cooled in an ice/water bath, and
methyl iodide (5.70 ml, 91 mmol) added dropwise. The reaction mixture was stirred for 15 min
under nitrogen and then allowed to warm to room temperature and stirred for a further 2.5
hours. The solid was removed by filtration and the resulting solution evaporated under reduced
pressure. The residue was partitioned between EtOAc (2 x 150 ml) and 1:1 water:saturated brine
solution (150 ml). The organic layers were combined, dried using a hydrophobic frit, and
evaporated under reduced pressure. The sample was loaded in DCM and purified by SPE (silica,
100 g) using a gradient of 0 — 50 % EtOAc in cyclohexane. The appropriate fractions were
combined and evaporated under reduced pressure to give the required product 1,5-dimethyl-6-
oxo0-1,6-dihydropyridine-3-carbaldehyde 5.59 (4.4 g, 29.1 mmol, 80% yield) as an off-white
solid.

LCMS (formic acid): rt = 0.46 min, MH" = 152

'H NMR (d¢-DMSO, 293 K): § 2.04 (s, 3 H) 3.54 (s, 3 H) 7.59 — 7.73 (m, 1 H) 8.46 (d, J=2.3
Hz, 1 H) 9.54 (s, 1 H)

Further analysis performed on subsequent batch prepared using similar conditions.

C NMR (de-DMSO, 300 K): 5 12.4, 33.7, 113.1, 125.4, 127.7, 140.3, 159.0, 181.6.
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IR (neat): 1695 (aldehyde), 1645 (pyridone), 1569 (aryl) cm™
M.pt.: 110-112°C
HRMS: (CsH;(NO,) MH" requires 152.0712, found MH" 152.0708

5-(5-(Hydroxymethyl)-1-((tetrahydro-2 H-pyran-4-yl)methyl)-1H-benzo[d]imidazol-2-y1)-1,3-
dimethylpyridin-2(1H)-one, 5.60:
To a mixture of 1,5-dimethyl-6-oxo-1,6-dihydropyridine-3-carbaldehyde 5.59 (1.135 g, 7.51

mmol) and sodium hydrosulfite (3.92 g, 22.53 mmol) was added a solution of (3-nitro-4-
(((tetrahydro-2 H-pyran-4-yl)methyl)amino)phenyl)methanol 5.21 (2 g, 7.51 mmol) in EtOH (12
ml), followed by water (6 ml). The reaction mixture was heated under microwave conditions at
100 °C for 5 hours. The reaction mixture was partitioned between saturated aqueous sodium
bicarbonate solution (100 ml) and 3:1 chloroform:isopropanol (3 x 75 ml). The organic layers
were combined, dried using a hydrophobic frit, and evaporated under reduced pressure. The
sample was loaded in DCM and purified by SPE (silica, 100 g) using a gradient of 0 — 12% (2
M ammonia in MeOH) in DCM. The appropriate fractions were combined and evaporated under
reduced pressure to give the required product 5-(5-(hydroxymethyl)-1-((tetrahydro-2 H-pyran-4-
yl)methyl)-1H-benzo[d]imidazol-2-yl)-1,3-dimethylpyridin-2(1H)-one 5.60 (1.1 g, 2.99 mmol,
40% yield) as an off-white foam.

LCMS (high pH): rt = 0.63 min, MH" = 368

'H NMR (dg-DMSO, 293 K): 6 1.07 — 1.24 (m, 4 H) 1.90 — 2.01 (m, 1 H) 2.11 (s, 3 H) 3.06 —
3.14 (m, 2 H) 3.56 (s, 3 H) 3.66 —3.77 (m, 2 H) 4.26 (d, J=7.1 Hz, 2 H) 4.59 (d, /= 5.6 Hz, 2
H)5.12 (t,J=5.7Hz, 1 H) 7.22 (d, J=8.3 Hz, 1 H) 7.54 (s, 1 H) 7.62 (d, /J=8.3 Hz, 1 H) 7.74
(s, 1 H)8.12(d,J=2.3 Hz, 1 H)

2-(1,5-Dimethyl-6-0x0-1,6-dihydropyridin-3-yl)-1-((tetrahydro-2 H-pyran-4-yl)methyl)- 1 H-
benzo[d]imidazole-5-carbaldehyde, 5.61:

To a solution of  5-(5-(hydroxymethyl)-1-((tetrahydro-2H-pyran-4-yl)methyl)-1H-
benzo[d]imidazol-2-yl)-1,3-dimethylpyridin-2(1H)-one 5.60 (1.1 g, 2.99 mmol) in DCM (50
ml) was added 45% iodoxybenzoic acid (stabilised by benzoic acid and isophthalic acid) (2.049

g, 3.29 mmol), portionwise. The reaction mixture was stirred at room temperature for 3 nights.
The reaction mixture was partitioned between DCM (3 x 100 ml) and saturated aqueous sodium
bicarbonate solution (100 ml). The organic layers were combined, dried using a hydrophobic
frit, and evaporated under reduced pressure to give 2-(1,5-dimethyl-6-oxo0-1,6-dihydropyridin-3-
yl)-1-((tetrahydro-2 H-pyran-4-yl)methyl)- 1 H-benzo[d]imidazole-5-carbaldehyde 5.61 (1.05 g,
2.87 mmol, 96% yield) as a pale yellow foam.

LCMS (high pH): rt = 0.71 min, MH" = 366
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"H NMR (ds-DMSO, 293 K): 6 1.09 — 1.29 (m, 4 H) 1.90 —2.01 (m, 1 H) 2.11 (s, 3 H) 3.11 (td,
J=10.9,3.2Hz,2H)3.31(s,2H)3.72(d,J=11.1 Hz,2 H) 4.36 (d,J= 7.3 Hz, 2 H) 7.78 (s, 1
H)7.83(d,/J=8.6 Hz, 1 H) 7.91 (d, /= 8.3 Hz, 1 H) 8.20 (s, 2 H) 10.06 (s, 1 H)

C NMR (d¢-DMSO, 300 K): 6 17.3, 30.3, 35.6, 38.0, 50.1, 66.8, 108.1, 112.4, 122.7, 123.2,
128.4, 131.8, 137.0, 139.3, 141.0, 142.6, 153.4, 162.3, 193.0.

IR (neat): 2917 (saturated CH,), 2842 (saturated CH,), 1681 (aldehyde), 1654 (pyridone), 1604
(aryl), cm’!

HRMS: (C,;H,4N303) MH" requires 366.1818, found MH" 366.1813

(S)-Neopentyl 2-amino-3-methylbutanoate 4-methylbenzenesulfonate, 5.62:

Method as for 5.29, using the following reagents: (S)-2-amino-3-methylbutanoic acid (2.27 g,
19.38 mmol), 2,2-dimethylpropan-1-ol (13.66 g, 155 mmol), 4-methylbenzenesulfonic acid
monohydrate (4.79 g, 25.2 mmol) and cyclohexane (100 ml). The reaction mixture was heated
at 130 °C overnight. The final product was: (S)-neopentyl 2-amino-3-methylbutanoate 4-
methylbenzenesulfonate 5.62 (3.9 g, 10.85 mmol, 56% yield) as a white solid.

'H NMR (ds-DMSO, 293 K): § 0.94 (s, 9 H), 0.97 (d, J = 7.1 Hz, 3 H), 1.01 (d, J = 6.9 Hz, 3 H)
2.02-2.24 (m, 1 H)2.29 (s,3 H) 3.86 (d,/=10.3 Hz, 1 H), 3.90 (d, /= 10.3 Hz, 1 H) 3.98 (d,
J=47Hz, 1 H)7.11 (d,J=7.8 Hz, 2 H) 7.48 (d, /= 8.1 Hz, 2 H) 8.03 — 8.46 (br.s., 3 H)

(25.3R)-Neopentyl 2-amino-3-hydroxybutanoate 4-methylbenzenesulfonate, 5.63:

To a suspension of (2S5,3R)-2-amino-3-hydroxybutanoic acid (2.27 g, 19.06 mmol) and 4-
methylbenzenesulfonic acid monohydrate (4.71 g, 24.77 mmol) in cyclohexane (100 ml) was
added 2,2-dimethylpropan-1-ol (13.44 g, 152 mmol). The reaction mixture was fitted with a
Dean—Stark condenser and heated at 130 °C overnight. A white slurry was formed upon cooling
to room temperature, and it was evaporated under reduced pressure to remove the solvent. The
white solid was dissolved in minimum amount of hot EtOAc and the clear solution was allowed
to cool and then placed in an ice/water bath. No crystallisation occurred. The solution was
evaporated under reduced pressure and dried in a vacuum oven for four nights. The resultant
solid was recrystallised from EtOAc and allowed to cool, whereupon a white solid was formed.
The resulting white solid was removed by filtration, washed with a little cold EtOAc, and dried
in a vacuum oven to give the required product (25,3R)-neopentyl 2-amino-3-hydroxybutanoate
4-methylbenzenesulfonate 5.63 (6.0 g, 16.60 mmol, 87% yield) as a white solid.

'H NMR (d¢-DMSO, 293 K): § 0.94 (s, 9 H) 1.22 (d, J = 6.3 Hz, 3 H) 2.29 (s, 3 H) 3.84 (d, J =
10.4 Hz, 1 H)3.92(d,J=10.6 Hz, 1 H) 3.99 (d,/=3.8 Hz, l H) 4.13 -4.20 (m, 1 H) 5.61 (d, J
=43 Hz, 1 H)7.11 (m,J="7.8 Hz, 2 H) 7.48 (m, J= 8.1 Hz, 2 H) 8.22 (br.s., 3 H)
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(25.3R)-Isobutyl 2-amino-3-hydroxybutanoate 4-methylbenzenesulfonate, 5.64:

To a suspension of (2S,3R)-2-amino-3-hydroxybutanoic acid (2.5 g, 20.99 mmol) and 4-
methylbenzenesulfonic acid monohydrate (5.19 g, 27.3 mmol) in cyclohexane (100 ml) was
added 2-methylpropan-1-ol (15.50 ml, 168 mmol). The reaction mixture was fitted with a
Dean—Stark condenser and heated at 130 °C overnight. The reaction mixture was allowed to
cool to room temperature and the solvent removed under reduced pressure. The resulting
colourless liquid was dried in a vacuum oven for three nights. Initially, recrystallisation was
attempted using EtOAc, but the sample remained in solution and therefore the solvent was
removed under reduced pressure. Trituration in diethyl ether was again unsuccessful, so the
sample (with ether still present) was stood overnight open to the air, with a pasteur pipette and
spatula left in the gum to attempt to induce crystallisation. A small amount of solid had formed
around the spatula and pipette, so trituration in diethyl ether was again attempted, and was this
time successful. The resulting white solid was removed by filtration and dried in a vacuum oven
to give (2S5,3R)-isobutyl 2-amino-3-hydroxybutanoate 4-methylbenzenesulfonate 5.64 (2.2 g,
6.33 mmol, 30% yield) as a white solid.

"H NMR (ds-DMSO, 293 K): 6 0.92 (d, J = 6.6 Hz, 6 H) 1.21 (d, J= 6.6 Hz, 3 H) 1.82 — 1.99
(m, 1 H) 2.29 (s, 3 H) 3.92 —4.00 (m, 3 H) 4.11 —4.17 (m, 1 H) 7.11 (d, J= 7.8 Hz, 2 H) 7.48
(d, J=28.1 Hz, 2 H) 8.23 (br.s., 3 H)

C NMR (d-DMSO, 300 K): § 19.2, 20.6, 21.3, 27.7, 58.3, 65.5, 71.8, 126.0, 128.5, 138.1,
146.2, 168.7.

IR (neat): 1739 (ester), 1602 (secondary amine salt), 1405 (0SO,), 1161 (OSO,) cm™

M.pt.: amorphous solid

HRMS: (CgH sNOs) MH" requires 176.1287, found MH" 176.1289

[ap] *'*°¢ (¢ 1.0, MeOH): -3.2 °

(S)-Cyclopentyl 2-amino-3-methoxypropanoate hydrochloride, 5.65:

(8)-2-Amino-3-methoxypropanoic acid hydrochloride (3.3131 g, 21.30 mmol) was added to
cyclopentanol (30 ml) and the suspension was brought to -5 °C using a dry ice/acetone bath.
After stirring at this temperature for ten minutes, thionyl chloride (3.57 ml, 49.0 mmol) was
added dropwise. The suspension was left stirring and allowed to warm to room temperature.
The reaction mixture was warmed to 60 °C and stirred at this temperature for 24 hours. The
volatile components were removed from the reaction mixture under reduced pressure. Hot
EtOAc was added with the intention of performing a recrystallisation. The material did not
dissolve so the suspension was filtered off, washed on the filter, and dried in a vacuum oven to

give (S)-cyclopentyl 2-amino-3-methoxypropanoate hydrochloride 5.65 (4.49 g, 0.24 mmol,
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94% yield) as a white solid.
"H NMR (ds-DMSO, 293 K): 6 1.51 — 1.76 (m, 6 H) 1.76 — 1.92 (m, 2 H) 3.29 (s, 3 H) 3.75 (d, J
=3.4Hz,2H)4.21(t,J=3.4Hz, 1 H)5.17-5.21 (m, 1 H) 8.64 (br.s., 3 H)

(2S.3R)-2-(((2-(1,5-Dimethyl-6-0x0-1.6-dihydropyridin-3-y1)-1-((tetrahydro-2 H-pyran-4-

yl)methyl)-1H-benzo[d]imidazol-5-yl)methyl)amino)-3-hydroxybutanoic acid hydrochloride,
To a solution of (2S,3R)-cyclopentyl 2-(((2-(1,5-dimethyl-6-ox0-1,6-dihydropyridin-3-yl)-1-
((tetrahydro-2 H-pyran-4-yl)methyl)-1 H-benzo[d]imidazol-5-yl)methyl)amino)-3-

hydroxybutanoate 5.53 (35 mg, 0.065 mmol) in MeOH (2 ml) and THF (2 ml) was added 1 M

aqueous lithium hydroxide solution (0.196 ml, 0.196 mmol), and the reaction mixture heated at
50 °C overnight. The reaction mixture was blown down under a stream of nitrogen. The sample
was dissolved in 2 M aqueous hydrochloric acid (0.1 ml) and MeOH (0.9 ml) and purified by
MDAP (high pH). The solvent was blown down under a stream of nitrogen and the residue
suspended in THF (1 ml). 2 M aqueous hydrochloric acid (0.5 ml) was added and the resulting
solution blown down under a stream of nitrogen to give the required product (25,3R)-2-(((2-
(1,5-dimethyl-6-0x0-1,6-dihydropyridin-3-yl)-1-((tetrahydro-2 H-pyran-4-yl)methyl)-1H-
benzo[d]imidazol-5-yl)methyl)amino)-3-hydroxybutanoic acid hydrochloride 5.66 (24 mg,
0.048 mmol, 73% yield) as an off-white solid.

LCMS (high pH): 1t = 0.51 min, MH" = 469

"H NMR (de-DMSO, 293 K): 6 1.13 — 1.27 (m, 5 H) 1.27 — 1.35 (m, 2 H) 1.94 — 2.08 (m, 1 H)
2.13 (s, 3 H) 3.07 — 3.18 (m, 2 H) 3.55 — 3.65 (m, 4 H) 3.69 — 3.79 (m, 2 H) 4.11 — 4.17 (m, 1
H) 4.42 (br.s.,2 H) 4.49 (d,J=7.1Hz,2 H) 7.72 (d, /= 8.8 Hz, 1 H) 7.85 (d, /= 1.3 Hz, 1 H)
8.08 (s, 1 H)8.12 (d, /J=8.6 Hz, 1 H) 8.46 — 8.51 (m, 1 H) 9.47 -9.72 (m, 1 H)

(8)-3-Methoxy-2-(((2-(5-methyl-6-0x0-1,6-dihydropyridin-3-yl)-1-((tetrahydro-2H-pyran-4-

ylmethyl)-1H-benzo[d]imidazol-5-yl)methyl)amino)propanoic acid hydrochloride, 5.67:
(S)-Cyclopentyl 3-methoxy-2-(((2-(5-methyl-6-0x0-1,6-dihydropyridin-3-yl)-1-((tetrahydro-2H-

pyran-4-yl)methyl)-1H-benzo[d]imidazol-5-yl)methyl)amino)propanoate 5.58 (50 mg, 0.096
mmol) was dissolved in MeOH (2 ml) and THF (2 ml), and 1 M aqueous lithium hydroxide
solution (0.287 ml, 0.287 mmol) was added. The reaction mixture was stirred at 60 °C for 18
hours. The reaction mixture was blown down under a stream of nitrogen. The crude sample was
then suspended in MeOH (1.64 ml) and 2 M aqueous hydrochloric acid (0.16 ml, 0.28 mmol),
and purified by MDAP (high pH). The solvent was evaporated under reduced pressure to give a
white solid which was dried in a vacuum oven. The sample was suspended in THF (2 ml) and 2

M aqueous hydrochloric acid (1 ml) was added. The clear solution was blown down under a

305



CONFIDENTIAL — PROPERTY OF GSK— DO NOT COPY

stream of nitrogen to give the required product (S)-3-methoxy-2-(((2-(5-methyl-6-o0xo0-1,6-
dihydropyridin-3-yl)-1-((tetrahydro-2 H-pyran-4-yl)methyl)-1 H-benzo[d]imidazol-5-
yl)methyl)amino)propanoic acid hydrochloride 5.67 (33.7 mg, 0.069 mmol, 72% yield) as an
off-white solid.

LCMS (high pH): rt = 0.50 min, MH" = 455

'H NMR (d¢-DMSO, 293 K): 6 1.14 — 1.27 (m, 2 H) 1.28 — 1.35 (m, 2 H) 1.94 — 2.05 (m, 1 H)
2.09 (s,3H)3.08 -3.17 (m, 2 H) 3.32 (s, 3 H) 3.71 —3.79 (m, 2 H) 3.85 - 3.95 (m, 2 H) 4.13 -
4.19 (m, 1 H) 434 —4.45 (m, 4 H) 7.68 (d, J=8.3 Hz, 1 H) 7.79 — 7.87 (m, 1 H) 8.02 — 8.08
(m, 3 H) 9.50-10.13 (br.s., 2 H) 12.18 — 12.55 (m, 1 H)
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Appendix 1

Assay details

“Don't know much biology”

Sam Cooke, Wonderful World
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In Vitro Assay Protocols

Al. HWB (IL-6 and MCP-1) assay

Human whole blood (HWB) was incubated with compounds in 96-well plates and then
stimulated with LPS overnight. Supernatants were removed and the IL-6 and MCP-1 levels
analysed by MSD assay to measure the effect of the compounds on the production of IL-6 and
MCP-1.

15 pl of compounds in 10 mM DMSO were serially diluted (1:3) and added to IL-6 alpha-
coated 96-well plates (MSD MA6000 96—well plate). 130 pl of human whole blood (with added
sodium heparin, 10 pl/ml) was added to the compound wells, the plates incubated (37 °C, 5%
CO,) for 30 min, and 10 pl of 2.8 pg/ml LPS (diluted in 1% BSA) was added. The plates were
incubated (37 °C, 5% CO,) for 24 hours. 140 pl of either PBS or saline was added, and the plate
shaken for 10 min. The plates were centrifuged at either 2000 or 2500 rpm for 10 min, and 100
pl of supernatant removed. To MSD plates were added 25 ul of diluted (MSD diluent) 1 in 40
supernatant and the plates were shaken for two hours. 25 ul of Sulfo-tag anti-IL-6/MCP-1
antibody (1 mg/ml dilution in MSD antibody diluent for IL-6 sample only) was added and the
plates shaken for two hours. 150 ul MSD read buffer T (diluted 1:1 in distilled water) was
added and the plates read on an MSD Specter 6000 reader.

A2. hERG FP assay

The hERG fluorescence polarization (FP) assay relies upon the binding of a fluorescent ligand
to hERG membranes. When excited with polarized light, unbound ligand emits largely
depolarized light during the fluorescence lifetime due to rapid rotation of the molecule in
solution. Bound ligand is immobilized enough to emit more of the light in the same plane in
which it was excited. The increase in FP is calculated from a weighted average of fluorescence
intensity in the parallel and perpendicular planes. Potential hERG ligands will compete with the

fluorescent compound and cause a decrease in FP signal.

0.1 pl of 10 mM astemizole solution was dispensed into a 384 well assay plate and 0.1 pl of
compound in DMSO was added. An assay mixture was then made up as follows: 9654 ul hERG
Assay Buffer (25 mM HEPES, 1.2 mM MgCl,, 100 mM KCI, pH7.4), 50 pL pluronic acid,
hERG membranes to a final concentration of 0.06 mg/ml, 10 pL. Cy3B dofetilide ligand. 5 pl
per well of assay mixture was added to the assay plate. The plates were covered and incubated

for 60 min. The plates were read on an Envision Reader.
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A3. CYP450 isoform assays

The CYP450 1A2 assay is described as an example; assays to identify inhibition of other

CYP450 isoforms were performed in a similar manner.

The assay was performed with automation using Nanodrop/ThermoCRS/Envision or manually
using a combination of Cybi and Multidrop Combi and was intended for detecting inhibition of
cytochrome P450 (CYP450) 1A2 activity for drug developability purposes. This assay format

utilizes the dealkylation of ethoxyresorufin to yield fluorescent resorufin.

Compounds were serially diluted (1:3) and added to Greiner 384 well plates. 2.5 pl of cofactor
solution (2.02 uM ethoxyresorufin and 33.9 nM CYP450 1A2 bactosomes in 500 mM
potassium phosphate, adjusted to pH 8.0) was added and the plates incubated at room
temperature for 30 min. The fluorescence intensity was read immediately using an Envision

plate reader (excitation: 431 nm, emission: 595 nm)

A4. BRD2/3/4 HTRF assay

The BRD4 HTRF assay is described, the protocol is similar for the BRD2 and BRD3 assays.

Homogenous time resolved fluorescence (HTRF) was used to measure binding of the
tetraacetylated histone H4 peptide to BRD4 protein. The protein:protein interaction was
detected through binding of the APC labelled anti-6His antibody to His-tagged BRD4 protein.
Europium cryptate—labelled streptavidin binds the biotin in the H4 peptide, resulting in FRET
between the two fluorophores when in close proximity upon excitation at 317 nm. Fluorescent

emission by APC at 665 nm correlates with the amount of protein:protein binding.

50 nl of test compounds (serially diluted 1:3) were added to a black 384 Greiner plate. 8 ul of
the assay reagent: 125 nM BRD4 in assay buffer (50 mM HEPES, pH7.4, 50 mM NacCl, 0.5
mM CHAPS) with added 375 nM biotinylated H4 peptide was added. Plates were spun at 1000
rpm, covered, and incubated in the dark for 1 hour at room temperature. 10 minutes before the
end of the assay 2 ul incubation detection buffer containing 50 nM Monoclonal anti-6His
antibody, labelled with XL665, and 10 nM Streptavidin, labelled with europium cryptate were

added. Plates were read on an appropriate HTRF reader.

AS. PBMC (IL-6 and MCP-1) assay

Peripheral blood mononuclear cells (PBMCs) are a heterogeneous cell population that includes

monocytes, T-cells and B-cells. Monocytes migrate to sites of inflammation and secrete
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inflammatory cytokines, thereby activating other cell types such as T-cells. Stimulation of
monocytes with LPS leads to downstream signalling events via its Toll-like receptor 4 (TLR4).
Inhibition of LPS-induced activation of signal pathways is an important target for the treatment
of many inflammatory diseases. In this assay, the activation of human primary monocytes
following stimulation with LPS was monitored by the secretion of the cytokines IL-6 and MCP-
1.

Previously frozen PBMCs were thawed using a water bath (37 °C), and the contents transferred
into a 50 ml Falcon tube. 20 ml of assay media (DMEM with 10% FCS, 200 mM L-glutamine
and 1% penicillin/streptomycin solution) was added dropwise. The cells were spun down in a
centrifuge at 1000 rpm for 5 min and the supernatant decanted. The cells were resuspended in
the above assay media to a dilution of 2 x 10° cells/ml. LPS was added to give a final
concentration of 1 ng/ml, and 50 pl of this stimulated PBMC solution added immediately to
Greiner 384 well assay plates containing 500 nl of test compound (serially diluted 1:3, top
concentration 10 mM). The plates were incubated (37 °C, 5% CO,, high humidity) for 24 hours.
5 pl of supernatants from the assay plates were transferred to white low-volume Greiner 384
well plates. 2 pl detection mixture (10.5 pg/ml M620 capture antibody conjugated AlphaLisa
acceptor beads in FAC 3 pg/ml, and 210 ng/ml M621B biotinylated anti IL-6 antibody in FAC
60 ng/ml in the assay buffer described above) were added and the plates were incubated for 1
hour at room temperature. 2 pl of donor beads (54 pg/ml AlphaScreen Streptavidin—Donor
beads in FAC 12 pg/ml, in the assay buffer described above). The plates were read on an

Envision Reader using standard AlphaLisa protocols.

A6. Solubility by CLND assay

The aqueous solubility of compounds was determined using chemiluminescent nitrogen
detection (CLND) as a quantification method. Stock solutions of 10 mM compounds in DMSO
were serially diluted in phosphate buffered saline (pH7.4) and analysed by HPLC (Agilent 1100
HPLC system; mobile phase 90% methanol, 10% water; flow rate 0.2 ml/min) using CLND

(Antek 8060C chemiluminescent nitrogen detector).

A7. CHIlogD determination

Chromatographic Hydrophobicity Index (CHI) is a high throughput way to measure the
lipophilicity of a compound. The gradient retention time was transformed to an index, and can
be expressed on a logD or logP scale (CHIlogD/CHIlogP). As both ChromlogD and CHIlogD
are derived from the CHI scale they can be converted to each other: CHIlogD = 0.613 x
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ChromlogD - 0.242. The CHIlogD was measured at three pHs (2, 7.4 and 10.5) on a 4-way
HPLC system (Agilent). The mobile phase at pH7.4 is 50 mM ammonium acetate adjusted to

pH7.4, using concentrated ammonia solution.

AS8. BRD4-BD1/2 FRET Assays

The BRD4-BD1 FRET assay is described. The protocol is similar for the BRD4-BD2 assay,
except the protein used is a BRD4-Y97A mutant.

This assay is in a time-resolved Forster resonance energy transfer (TR-FRET) format, using a
fluorescent ligand which is tagged with AlexaFluor647 and binds to both bromodomains of
BRD4 with equal affinity. This acts as the acceptor in the FRET pair. To detect binding, the
6His purification tag at the N-terminal of BRD4 was utilised. This acted as the epitope for anti-
6His europium chelate allowing binding of the europium to BRD4, which acted as the donor in
the FRET pair. The protein utilised was a mutant of BRD4, which is BRD4-Y390A. This site-
directed mutant (SDM) was unable to bind the fluorescent ligand at BD2 with the same affinity
as BD1 (at least a 1000-fold decrease in affinity). This biased the assay to monitor binding at
only the non-mutated domain, which in this case was BD1. When mixed with compounds, if the

interaction was disrupted then there was a decrease in FRET.

50 nl of test compounds (serially diluted 1:3) were added to a Greiner 384 well low-volume
assay plate. 5 pul of protein/ligand solution (to an assay buffer of 50 mM HEPES, 150 mM NacCl,
1 mM CHAPS pH7.4, 5% glycerol and 1 mM DTT pH7.4 (using NaOH) was added the
fluoroprobe and BRD4-Y390A protein) was added. Plates were centrifuged at 1000 rpm for 60
seconds, and then incubated at room temperature for 30 min. Assay plates were read using an

Envision Reader (emission 1: 665 nm, emission 2: 615 nm).

A9. Macrophage Acid Retention Assay

M1 macrophages were differentiated from CD14-positive monocytes. The monocytes were
diluted to 1 million/ml and then treated with 5 ng/ml GM-CSF, plated at 1 million/well of a 24
well plate and allowed to differentiate for 5 days at 37 °C, 5% CO,. After 5 days the plate was
centrifuged and the medium carefully removed. The cells were treated with 10 uM of the
relevant compound for a variety of time points. Additionally, medium containing compound (as
above) was added to wells that did not contain any cells (no cell control; NCC) to determine the
stability of the compound over time in cell culture medium. The NCC was also set up in lysis
buffer (Mammalian Protein Extraction Reagent (MPER)). After the desired amount of time, the

supernatant was removed and stored at -20 °C, the cells were washed twice with 500 pul PBS
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each (which was also stored at -20 °C) and then 100 ul of MPER was added to lyse the cells and
the lysate was also then stored at -20 °C. NCC wells were not washed but the

supernatant/MPER buffer was removed and stored as above.

The samples were then analysed by mass spectrometry. 10 uM supernatants and no cell control
samples were diluted 1/10 by adding 10 pl of sample to 90 pl of blank media To 25 pl of all
samples, 25ul acetonitrile:water was added and all vials were capped and mechanically shaken
for 20 min. An aliquot of the supernatant was analysed by LCMS/MS (API14000, SN: J1390111
(Demolishor)).

A10. Artificial Membrane Permeability Assay

The permeability of compounds through an artificial cell membrane was measured in a high-

throughput assay.

3.5 ul of lipid solution (1.8% phosphatidylcholine in 1% cholesterol decane solution) was added
to the filter plate (Millicell 96-well culture plate, 0.4 um, PCF, 0.11 cm?, non sterile), the plate
was shaken for 12 seconds, and then 250 pl of buffer was added to the donor side and 100 pl to
the receiver side. The assay plate was shaken for 45 min before adding the compounds. The test
compounds (2.5 ul) were added to the donor side and the plates were then incubated at room

temperature for 3 hours. The donor and receiver solution were then analysed by HPLC.

All. Human Serum Albumin Binding Assay

The assay was designed to measure human serum albumin (HSA) binding. The basic principle
of the assay was the determination of gradient retention times of compounds on immobilised
HSA column, and converting these retention times to the appropriate property values using
calibration. The peaks were detected and identified by UV. Calibration sets of compounds were

measured before each run, for which the HSA binding values are known.

10 pl of 10 mM samples were diluted to 100 pl using 50% IPA and 50% water. The samples
were analysed by HPLC (column: Chiral Technologies HSA column 50 x 3.0 mm (5 micron),
flow rate: 1.8 ml/min, temperature: 30 °C, gradient: 0 to 3.0 minutes 0 to 30% mobile phase B,
3.0 to 5.0 minutes 30 % B, 5.0 to 5.1 minutes 30 to 0 % B, 5.1 to 6 min 0% B, detection: 254,
210 and 230 nm). The mobile phases were A: ammonium acetate solution in water, 50 mM,

adjusted to pH7.4. B: IPA.
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A12. Metabolism by Liver S9 Fraction Assay

The objective of the liver S9 metabolism assay was to measure the stability of the test
compound in the presence of liver S9 fraction. The test compound was incubated over the

course of a 45 min experiment, and analysed by LC-MS/MS.

Liver S9 fraction (1 mg/ml), 0.1 M phosphate buffer (pH7.4) and test compound (final substrate
concentration 0.5 uM) were incubated at 37 °C, and NADPH and UDGPA (final concentrations
1 mM) added to initiate the reaction. A control incubation was also tested without NADPH and
UDGPA. Each compound was incubated for 45 min and the reaction stopped by the addition of
methanol (100 pl). The samples were centrifuged at 2500 rpm for 20 min at 4 °C to precipitate
the protein, and then analysed by LC-MS/MS.

A13. FaSSIF Solubility Assay

This assay was designed as a high-throughput method to measure the solubility of compounds,

from solid, in fasted state simulated intestinal fluid (FaSSIF).

FaSSIF solution (2.24 mg/ml, pH 6.5) was prepared by the addition of 2.24 mg SIF powder to
0.5 ml assay buffer (3.437 g sodium dihydrogen phosphate, 6.186 g sodium chloride and 0.42 g
sodium hydroxide pellets in 500 ml distilled water) and 0.5 ml distilled water. This solution was
added to a vial containing compound (1 mg), which was capped, inverted three times, and
shaken at 900 rpm for 4 hours. 175 pl was transferred to a filter plate (0.4 p pore size), which
was centrifuged for 5 min at 2000 rpm to capture the filtrated. The filtrate was analysed by
HPLC, and the solubility generated by comparison with HPLC data generated by analysing the
compound when fully dissolved in DMSO.

A14. Human Carboxyesterase-1 (hCE-1) Assay

The human carboxyesterase-1 (hCE-1) assay was designed to measure the specific activity of
hCE-1 to cleave compounds containing an ESM. The reactions were run at fixed concentration
of compound and enzyme at room temperature, over a number of time points. The reactions
were stopped at low pH and analysed by reverse-phase HPLC. The percentage of product
formed was used to determine the initial rate of the reaction, from which the specific activity of

the enzyme under these conditions was obtained.

An enzyme solution (hCE-1 enzyme diluted to 100 nM in aqueous assay buffer: 50 mM sodium
phosphate pH 7.5 and 100 mM sodium chloride) was added to wells of test compound solution
(10 mM DMSO solutions of test compounds diluted to 100 pM in aqueous assay buffer: 50 mM

313



CONFIDENTIAL — PROPERTY OF GSK— DO NOT COPY

sodium phosphate pH 7.5 and 100 mM sodium chloride). Individual wells were stopped in
sequence by the addition of 20 ul 5% v/v aqueous formic acid. The plate was analysed by
HPLC (Agilent HPLC system, UV detection, Phenomenex Gemini 5u C18 column, mobile
phase A: water + 0.1% formic acid, B: acetonitrile + 0.1% formic acid) and the percentage
product formed at each time point obtained from the integrated chromatograms. Time courses
for product concentration were plotted and the initial rate of the reaction obtained from the
linear portion of the reaction. The resulting rate was divided by the enzyme concentration to

give the specific activity (WM/min/uM).
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In Silico Modelling Details

B1. ACD clogP model, version 11.0

This model predicts the log (octanol/water partition coefficient). This is a measure of the
lipophilicity of the unionised form of the compound and is independent of pH. The logP values
are derived from an internal ACD/logP database containing over 5000 experimental logP
values. All the logD octanol/water measures available at the time of this study (11 September
2008) were downloaded from GSK proprietary databases. After removing compounds with odd

values the final set had 50445 unique compound measures.

B2. Calculated ChromlogD at pH7.4 Model.

This model predicts the chromatographic logD, which is a measure of the ionised form of the
compound and is therefore dependent on pH. The model was initially generated using all the
current results (8 August 2008) of the measured ChromlogD assay. It was regularly updated as
new data became available to improve its predictive capability.*’ Using SIMCA-P v11.5

software, an orthogonal partial least squares model of ChromlogD was developed.

B3. Passive permeability in MDCK2 cells model

In order to build in silico models for passive permeability through MDCK2 cells at pH 6.5 and
pH7.4, the physicochemical properties of 1362 compounds were calculated. These properties
included the calculated ACD logP and logD, total polar surface area, molecular weight, the
Abraham descriptors Alpha, Betah, V,, R, and Pi, CMR, number of hydrogen bond acceptors,
number of hydrogen bond donors, acid and base classes (an in-house scale based on the pK, of
the compounds) and numbers of positive ionisable centres, negative ionisable centres, aromatic
rings, non aromatic rings and rotatable bonds. In addition, an additional set of descriptors based
on a PCA analysis of the three-dimensional structure of the compounds was also included.
Compounds were classified as ‘high permeability’ (> 200 nm/s), ‘medium permeability’ (from
50 nm/s to 200 nm/s) and ‘low permeability’ (<50nm/s) and split up randomly in a training and
validation set. The training set consisted of 600 compounds, while the remaining compounds
made up the validation set. The number of high permeability compounds in the validation set

was bigger at pH7.4, and the number of low permeability compounds almost negligible.
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Appendix 2

Benzimidazole N-Substituent Changes

“I don't expect you will really understand the beauty of the softly simmering cauldron with its shimmering
fumes, the delicate power of liquids that creep through human veins, bewitching the mind, ensnaring the
senses.”

Severus Snape, Harry Potter and the Philosopher’s Stone, JK Rowling.
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Table 1: Full List of Compounds for Synthesis

R
NH
©:N/ 74 0 Parent substructure
N _
R
N NH
O\ o ﬁ p— o  Ester substructure
0 N N —

R

' NH
O \/@: N/ 74 o Acid substructure
HO N N —

Table 1 (Below): List of changes to be made to the benzimidazole N-substituent, and the predicted physicochemical properties of the parent
benzimidazole, ESM-containing ester and ESM-containing acid. Calculated ChromlogD® is shown in blue, and predicted passive permeability® is

shown in green. The substructures are shown above the table.
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Substituent type R Profile of parent Profile of ester Profile of acid
Alkyl Me. 4.36, 3.5, 4.37,5.3, 4.38, 0.0,
Alkyl S 4.60, 3.9, 4.61,5.7, 4.62, 0.4,
Alkyl /l 4.63,4.3, 4.64, 6.0, 4.65, 0.7,
Alkyl Y 4.39, 4.8, 4.40, 6.4, 4.41,1.2,
Alkyl v/ 4.66, 4.3, 4.67,6.1, 4.68, 0.8,

Cyclic amine HN\j\ 4.69, 1.1, 4.70, 3.1, 4.71, -1.7,
N
Cyclic amine O 3.22,2.2, 3.19,4.1, 3.21,-0.7,
y
Cyclic amine O 4.72,2.6, 4.73,4.5, 4.74,-0.3,
Cyclic amine O/ ) 4.75, 2.6, 4.75, 4.4, 4.77, -0.3,
-
N
Cyclic amine Q/ 4.78,2.7, 4.79, 4.4, 4.80, -0.3,
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oy

Cyclic amine 4.42,2.7, 4.43, 4.5, 4.44, -0.5,
. . H
Acyclic amine /N\/\\ 4.81, 1.5, 4.82, 3.5, 4.83,-1.2,
~
Acyclic amine ﬁ/\/ ) 4.84, 1.6, 4.85, 3.6, 4.86, -1.1,
. : I
Acyclic amine N~ 4.45,2.2, 4.46, 4.1, 4.47,-0.6,
SN TN
Acyclic amine ’f 4.87,2.2, 4.88, 4.1, 4.89, -0.6,
0]
Acyclic amide \N)K/\ 4.90, 2.5, 4.91,4.3, 4.92,-1.0,
H
O
Acyclic amide )J\N/\/ 4.93,2.7, 4.94, 4.5, 4.95, -0.8,
H
N
Acyclic amide \[( ~ 4.48,2.5, 4.49, 4.3, 4.50,-1.0,
0]
Cyclic ether OG/ N 4.96, 3.5, 4.97,5.9, 4.98, 0.0,
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o

Cyclic ether q 4.99,3.8, 4.100, 5.5, 4.101, 0.3,

Cyclic ether Q/ \ 4.51,3.9, 4.52, 5.6, 453,023,

Cyclic ether O/ 4.102, 3.9, 4.103, 5.6, 4.104, 0.4,

0]
Cyclic ether COK ‘ 4.105,4.2, 4.106, 5.6, 4.107, 0.6,
. @)

Cyclic ether 4.108, 3.4, 4.109, 5.2, 4.110, -0.1,
Acyclic ether O 4.111, 3.5, 4.112, 5.3, 4.113, 0.0,
Acyclic ether /O\/L 4.54, 3.8, 4.55,5.6, 4.56, 0.3,

Acyclic alcohol HO™ > 4.57,2.6, 4.58, 4.4, 4.59, -0.2,

Acyclic alcohol HO. _ . 4.114,2 .3, 4.115,4.2, 4.116, -0.5,
. HO__~.

Acyclic alcohol Y : 4.117, 2.6, 4.118, 4.5, 4.119, -0.1,

320



CONFIDENTIAL — PROPERTY OF GSK— DO NOT COPY

Table 2: Yields of Reactions in Chapter 4, Scheme 4.07

NH
L~
R SnAr yield | Cyclisation yield
436 Me.. 96%, 4.120 41%, 4.36
4.60 P 88%, 4.121 73%, 4.60
4.63 /[ 72%, 4.122 63%, 4.63
439 Y 94%, 4.123 50%, 4.39
4.66 V/ 99%, 4.124 50%, 4.66
4.69 HNQ\ 52%, 4.125 | 48%, 4.126, 4.69
N

472 Q 33%, 4.127 47%, 4.72
4.75 Q/ | 96%, 4.128 32%, 4.75

N

N
4.78 Q/ 90%, 4.129 57%, 4.78

O \\\\
4.42 [Nj/ 95%, 4.130 49%, 4.42
|

4.81 /H\/ 94%, 4.131 | 26%, 4.132, 4.81

~
4.84 ”/\/ | 929%,4.133 | 41%, 4.134, 4.84
4.45 | 100%. 46%, 4.45

' AN 4135 o
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~N /\/
4.87 | 98%, 4.136 26%, 4.87
o)
490 | ~ Ao~ | e7%,4137 42%, 4.90
H
0
493 | I~ | 88%, 4138 14%, 4.93
H
N
4.48 Y ~ 43%, 4.139 12%, 4.48
o)
4.96 o 88%, 4.140 60%, 4.96
o
4.99 <j/ 98%, 4.141 41%, 4.99
4.51 OO/ | 92%, 4.142 45%, 4.51
4.102 O/ 82%, 4.143 29%, 4.102
o
4.105 COK ‘ 80%, 4.144 52%, 4.105
0
4.108 99%, 4.145 65%, 4.108
4.111 O~ 1%, 4.146 |  48%, 4.111
4.54 /O\/L 95%, 4.147 60%, 4.54
4.57 HO " | 83%, 4.148 26%, 4.57
4.114 HO ... 98%, 4.149 33%, 4.114
4.117 HOVL\ 88%, 4.150 51%, 4.117

Table 2: Isolated yield for the SyAr and benzimidazole cyclisation reactions shown in Scheme

4.07. For compounds 4.69, 4.8l and 4.84 the cyclisation yield also includes a BOC-

deprotection. Underneath the yield is shown the compound number for each intermediate.
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Table 3: Assay Data for Ester Hydrolysis Products for Compounds 5.01 —
5.12

Acid BRD4-BD1 mChromlogD,y74 | Parent Ester
pICsy (n)
4.151 5.8(5) 0.6 4.52
5.41 6.0 (2) 0.0 5.01
5.42 59(2) 0.2 5.02
5.43 5.8(2) 0.4 5.03
5.44 6.1 (3) 0.3 5.04
5.45 593) 0.0 5.05
5.46 5.8(3) 0.0 5.06
5.47 5.7(2) 0.4 5.07
5.48 5.7(2) 0.2 5.08
5.49 5.8(2) 0.2 5.09
5.50 5.6(2) 0.1 5.10
5.51 5.6(2) 0.2 5.11
5.52 5.5(2) 0.1 5.12

Table 3: Biological assay results for the acid hydrolysis products 5.41 — 5.52 for the ESM-
containing esters 5.01 — 5.12, compared to the acid 4.151 of in vitro probe molecule 4.52, in the
BRD4-BD1 mutant FRET assay,”® and the mChromlogDpH7.4"" The substructure of the
compounds is shown above the table. The compounds are all hydrochloride salts, apart from

4.151 which is the lithium salt.
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Appendix 3

Abbreviations

“ltstl”

“Interesting to say the least”, www.cricketweb.net/forum (colloquial).
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#Ar

ACD
ADC
ADMET
AIMS
Alu-SP
AMU
APC
ApoAl

Asn

Asp

AUC

BD1

BD2

BEH

BET

Bn

BOC
BRD2
BRD3
BRD4
BRD4-BD1
BRD4-BD2
BRDt

BSA
cChromlogD
CCL-2
CES-1
CES-2
CHAPS
CHI
CHIlogD
ChromlogD
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Number of aromatic rings

Acetyl

Advanced Chemistry Development

Antibody drug conjugate

Absorption, distribution, metabolism, excretion and toxicity
Amplification of intermethylated sites

SP subfamily of the Alu element of DNA

Atomic mass unit

Allophycocyanin

Apolipoprotein Al

Aromatic ring

Asparagine

Aspartic acid

Area under the curve

Bromodomain 1

Bromodomain 2

Ethylene bridged hybrid

Bromodomain and extra-terminal

Benzyl

tert-Butyloxycarbonyl

Bromodomain-containing protein 2
Bromodomain-containing protein 3
Bromodomain-containing protein 4

First bromodomain of bromodomain-containing protein 4
Second bromodomain of bromodomain-containing protein 4
Bromodomain testis-specific protein

Bovine serum albumin

Calculated chromatographic distribution coefficient
Chemokine (C-C motif) ligand 2 (also known as MCP-1)
Carboxylesterase 1 (also known as hCE-1)

Carboxylesterase 2 (also known as hCE-2)

3-[(3-Cholamidopropyl)dimethylammonio]- 1-propanesulfonate

Chromatographic hydrophobicity index

Chromatographic hydrophobicity index distribution coefficient

Chromatographic distribution coefficient
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ChromlogP
Cl
CLND
clogP
Crnax
CMR
c-Myc
cPent
CpG
CTCL
CYP450
dba
DCM
DEL
AG
DIPEA
DMEM
DMF
DMPK
DMSO
DNA
DPU
DTT
EBV
ECs
ECi70
EDC
ee

ELT
ESM
Et
EtOAc
EtOH

FAC
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Chromatographic partition coefficient
Blood clearance

Chemiluminescent nitrogen detection
Calculated partition coefficient
Maximum concentration

Calculated molar refractivity

v-Myc myelocytomatosis viral oncogene homologue
Cyclopentyl
Cytosine-phosphate-guanine

Cutaneous T-cell lymphoma
Cytochrome P450
Dibenzylideneacetone
Dichloromethane

Deoxyribonucleic acid encoded library
Change in Gibbs free energy
N,N-diisopropylethylamine

Dulbecco's modified Eagle's medium
N,N-dimethylformamide

Drug metabolism and pharmacokinetics
Dimethylsulfoxide

Deoxyribonucleic acid

Discovery Performance Unit
Dithiothreitol

Epstein—Barr virus

Half maximal effective concentration
170% of maximal effective concentration
N-(3-Dimethylaminopropyl)-N-ethylcarbodiimide
Enantiomeric excess

Encoded library technology

Esterase sensitive motif

Ethyl

Ethyl acetate

Ethanol

Oral bioavailability

1-(2’-deoxy-2’-fluoro-p-D-arabinofuranosyl)cytosine

326



FaSSIF
FCS
FDA
FLINT
FP
FRET
GI

Gly
GM-CSF
GPCR
GSK
HAC
HATU
hCE-1
hCE-2
HDAC
HEPES
hERG
His
HIV
HPLC
HPV
HSA
HSV
HTRF
HTS
HWB
ICso
IL-10
IL-6
IND
IPA

IR

v

JMID3
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Fasted state simulated intestinal fluid
Foetal calf serum

Food and Drug Administration
Fluorescence intensity

Fluorescence polarisation

Forster resonance energy transfer
Gastrointestinal

Glycine

Granulocyte-macrophage colony stimulating factor
G-protein coupled receptor
GlaxoSmithKline

Heavy atom count
O-(7-Azabenzotriazol-1-yl)-N,N,N,N-tetramethyluronium hexafluorophosphate
Human carboxylesterase 1

Human carboxylesterase 2

Histone deacetylase
4-(2-Hydroxyethyl)-1-piperazineethanesulfonic acid
Human ether-a-go-go-related gene
Histidine

Human immunodeficiency virus
High-performance liquid chromatography
Human papilloma virus

Human serum albumin

Herpes simplex virus

Homogeneous time resolved fluorescence
High throughput screening

Human whole blood

Half maximal inhibitory concentration
Interleukin 10

Interleukin 6

Investigational new drug

Isopropyl alcohol

Infra red

Intravenous

Jumonji domain—containing protein 3
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LBF

LC
LCMS
LCMS/MS
LE
LHMDS
LLE
logD
logP
LPS
MAP
mChromlogD
MCP-1
MDAP
MDCK2
Me
MLA
MLL
MNT
MPER
MS
MSD
mwt
N/A
nBuLi
NCC
NMC
NMP
NMR
NOE
NUT
PBMC
PCA
PCAF
PCR
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Liver blood flow

Liquid chromatography

Liquid chromatography—mass spectrometry
Liquid chromatography—tandem mass spectrometry
Ligand efficiency

Lithium bis(trimethylsilyl)amide
Lipophilic ligand efficiency
Distribution coefficient

Partition coefficient
Lipopolysaccharide
Mitogen-activated protein

Measured chromatographic distribution coefficient
Monocyte chemotactic protein 1
Mass-directed auto-preparative HPLC
Madin—Darby canine kidney 2

Methyl

Mouse lymphoma assay

Multiple mixed lineage

Micronucleus test

Mammalian protein extraction reagent
Mass spectrometry

Meso Scale Discovery

Molecular weight

Not available

n-Butyllithium

No cell control

NUT midline carcinoma
N-Methyl-2-pyrrolidone

Nuclear magnetic resonance

Nuclear Overhauser effect

Nuclear protein in testes

Peripheral blood mononuclear cell

Principal component analysis

P300/cAMP-response element-binding protein-associated factor

Polymerase chain reaction

328



Pd/C
Pd(PPhs),
PEPPSL-SIPr

PFI
Ph
PK
pK,
po
ppm
PSA
pTSA
R&D

SAR
SCX
SDM
Ser
SFI
siRNA
SNAT
SPE
ssDNA
t/2

Bu
TFA
THF
THP
THQ
TI
TLC
TLR4
TMS
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Palladium on carbon

Tetrakis(triphenylphosphine)palladium(0)

Pyridine-enhanced precatalyst preparation stabilisation and initiation catalyst

[1,3-bis(2,6-diisopropylphenyl)imidazolidene) (3-chloropyridyl) palladium(II)

dichloride]

Property forecast index

Phenyl

Pharmacokinetics

Acid dissociation constant

per os (Latin; by mouth)

Parts per million

Polar surface area

para-Toluene sulfonic acid
Research and development
Rheumatoid arthritis

Retention time

Structure-activity relationship
Sulfonic acid, strong cation exchange
Site-directed mutant

Serine

Solubility forecast index

Small interfering ribonucleic acid
Nucleophilic aromatic substitution
Solid phase extraction
Single-stranded deoxyribonucleic acid
Half-life

Tertiary butyl

Trifluoroacetic acid
Tetrahydrofuran

Tetrahydropyran
Tetrahydroquinoline

Therapeutic index

Thin layer chromatography
Toll-like receptor 4

Tetramethylsilane
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TNF,
TR-FRET
Trp
UPLC
uv

VG

VR

Vs

WPF
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Tumour necrosis factor alpha

Time-resolved Forster resonance energy transfer
Tryptophan

Ultra-performance liquid chromatography
Ultraviolet

Vivid green

Vivid red

Volume of distribution

Tryptophan proline phenylalanine
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