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Abstract

Bromodomain and extra-terminal (BET) proteins have been implicated in a variety of oncological
and immunological diseases. However, the domain specific functions of the individual domains
of BET proteins, BD1 and BD2 still remain unclear. This work describes the design and
development of a BET BD1 selective chemical probe that will have the required BD1 domain
selectivity to probe the biological function of this BD1 domain. Initial data mining of an historic
benzimidazole series was performed to provide insight into which vectors might provide BD1
selectivity. Four iterations of compounds have been synthesised which aim to take advantage of
an amino acid point change between the BD1 and BD2 domains. Two ‘lead’ compounds have
been identified, that maintain excellent potency and have the desired BD1 selectivity. These
compounds also have the potential to be utilised in vivo. Consequently, these ‘lead’ compounds
are superior to the initial benzimidazole compound from which this project was initiated;
historically, production of a compound which is BD1 selective and could also be utilised in vivo
was not successful. A hypothesis of how BET BD1 selectivity is obtained from these compounds

is disclosed, and is rationalised with the aid of computational methods and X-ray crystallography.
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1.0 Introduction
1.1 Epigenetics

The human genome consists of approximately 20,000 — 25,000 genes, which are contained in
every cell nuclei.® When expressed, a gene provides the genetic information that is transcribed
into messenger ribonucleic acid (MRNA). This mRNA molecule is then processed in an editing
method known as splicing, during which introns (MRNA segments which are not to be expressed)
are removed from the transcript and the remaining mMRNA (exons) is joined together. In this way,
one gene can code for a diverse range of proteins. The mature mMRNA molecule can then be
translated into a functional protein by the ribosome, resulting in an observable phenotype. Each
cell can express and suppress a unigque subset of the genome, providing differentiation in cell
appearance and function. This differentiation in gene expression is a result of modifications made
to the deoxyribonucleic acid (DNA), which do not change the inherited DNA sequence of the cell.
This phenomenon is referred to as ‘Epigenetic regulation’.> The epigenetic state of a cell is
constantly changing, and the packaging of DNA is modified in response to environmental cues.
As such, environmental factors such as diet, lifestyle, and illness all have an effect on the gene
expression within a cell, and thus effect its phenotype.’? Epigenetic misregulation has been
implicated in a number of diseases in which environmental factors have a profound effect. These
include cancer, immune mediated diseases, and neurological disorders.? Consequently, there have

been significant efforts to develop epigenetic therapeutics to treat such diseases.®

Approximately two metres of DNA is contained within each human cell.* In order to

accommodate this DNA, it is tightly coiled around histone proteins (Figure 1).
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Figure 1: The process of DNA packaging into the form of chromosomes.* (permission to use
image granted by author). Formation of a DNA-histone complex leads to production of
nucleosomes which fold up tightly to produce fibres which can be packaged into a cell.

This DNA-histone double-stranded, helical complex is known as chromatin. (Figure 1:1). The
histone family of proteins — H1, H2A, H2B, H3, and H4 — are positively charged in order to tightly
complex the negatively charged DNA backbone. A repeating unit of chromatin consists of

approximately 146 base pairs of DNA wrapped around a protein octamer formed from two each
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of H2A, H2B, H3, and H4 histone proteins; this is known as a nucleosome (Figure 1:2).4 This
equates to the DNA strand wrapping around the octamer approximately 1.65 times (Figure 1:3).
An additional H1 histone protein binds a further 20 base pairs, and as such each histone complex
has two full turns of DNA wrapped around it. This complex is known as a chromatosome (Figure
1:4). Each nucleosome can then fold up to produce a fibre which is eventually tightly coiled into

the chromatid of a chromosome (Figure 1:6-8).

In this tightly packaged state, the DNA strand is inaccessible to the proteins responsible for its
transcription or replication, and thus protein synthesis cannot occur. For these processes to take
place, the chromatin must be uncoiled to allow the DNA strand to be accessed by regulatory
proteins. The timing and location of the uncoiling of the DNA strand is controlled by chemical
signalling. An example of a chemical signal is a histone modification, whereby the N—terminal
tails can be chemically altered by post-translational modifications (PTMs). Common PTMs
include methylation, acetylation, phosphorylation, and ubiquitination.®> These PTMs are located

along the chromatin strand, and form the epigenetic code.

There are three main types of protein which are involved in regulating the epigenetic code:
‘reader’, ‘writer’, and ‘eraser’ proteins (Figure 2). The regulation of the epigenetic code is a
dynamic process, whereby PTMs are added by ‘writer’ proteins, and removed by ‘eraser’ proteins
(Figure 2). Different “writer’, ‘eraser’, and ‘reader’ proteins exist for each PTM. For example, in
the case of histone acetylation, the ‘writer’ protein histone acetyltransferases (HAT) acetylate the
lysine residues of histone proteins. In contrast, histone deacetylases (HDACsS) are ‘eraser’ proteins
that deacetylate the lysine residues. The acetylation of lysine residues on histone proteins
neutralises their positive charge, which weakens the electrostatic interaction of the histone protein
to the negatively charged DNA strand, and loosens the packaging of the chromatin.® This allows

regulatory proteins to access the DNA strand.® Additionally, ‘reader’ proteins such as
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bromodomain-containing proteins mediate protein—protein interactions with histones by
recognising acetylated lysine (KAc) residues.” This interaction starts a cascade of signal
transduction which drives substrate recruitment and the formation of the protein complexes
necessary for transcription. In this way, the epigenetic code is the key signal for the regulation of

gene expression.

Epigenetic
eraser

» —— Chromatin Strand

Writers eg. Bessati o
HAT g
HDACs
Regulation of gene
expression, DNA r\
transcription
Epigenetic
reader

Epigenetic

Readers eg.
Bromodomains

Figure 2: There are three types of epigenetic regulator proteins: ‘writers’, ‘erasers’ and ‘readers’.’
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1.2 Bromodomains

The bromodomain (BRD) is a conserved structural motif found in many epigenetic ‘reader’
proteins. There are approximately 46 human bromodomain—containing proteins that contain

between one and six bromodomain motifs. There are at least 57 structurally unique bromodomains

that are divided into eight families based on their s
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Figure 3: The bromodomain phylogenetic tree, consisting of 57 unique bromodomains within
eight families.®

Each bromodomain contains approximately 110 amino acids.® The secondary structure of a
bromodomain consists of four alpha helices (0Z, oA, aB, and aC) bundled together to form the
“pbromodomain fold” (Figure 4). These helices are joined together by the short BC loop and the

longer, more flexible ZA loop.™° Situated between the ZA and BC loops is a hydrophobic pocket
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which is the binding site of the KAc group. Within this pocket, the carbonyl oxygen of the lysine
acetyl group forms a key hydrogen bond with the side chain amide nitrogen of the asparagine 140
(Asn140) residue. An additional interaction between the KAc and the tyrosine 97 (Tyr97) residue
via a water molecule is also present.® This water molecule is part of a conserved water network

that is consistently found within the KAc binding pocket of bromodomains.

Figure 4: a) Co-crystal structure of an acetylated lysine residue and the BRD4 BD1
bromodomain. The secondary structure of a bromodomain contains four left-handed alpha helices:
aZ, oA, oB, and aC. These are joined together by the BC and ZA loops to form the “bromodomain
fold”. b) water network (shown in red). (PDB code = 3uvw)

Some of the most studied bromodomain containing proteins are the Bromo— and Extra—terminal

domain (BET) protein family. The BET family contains four proteins: of which the BRD2, BRD3,
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and BRD4 are ubiquitously expressed, and the BRDT protein which is solely expressed in the
testis.'* Each BRD protein contains two highly conserved amino—terminal bromodomains, BD1

and BD2, and a carboxy extra terminal domain (Figure 5).

BD1 BD2 ET
BRD2 | " | B B | | so1

BRD3 [ [ ] | | | 726

BRD4 | [ ] ] B | 1362

BRDT [ [ | B ] B ] | 960

Figure 5: The four BET proteins: BRD2, 3, 4, and T. The number of amino acids present in the
primary structure is highlighted.

1.3 Bromodomain inhibitors

Over the last decade, a vast number of small molecule BET bromodomain inhibitors have been
developed.® This has led to a better understanding of the bromodomain mode of action in gene
regulation and their role in disease. Abnormal BET protein function has been implicated in the
development of several cancers, inflammatory diseases, and neurological disorders.? As well as
their use as biological tool compounds, a number of BET bromodomain inhibitors have been

advanced to clinical trials as therapeutics.®

The first reported small molecule BET bromodomain inhibitors, I-BET762 1 and (+)-JQ1 2 were
reported by Nicodeme and co—workers at GlaxoSmithKline in early 2011, and Filippakopoulos
and co—workers in late 2010, respectively (Figure 6).>® In both cases, the inhibitor can bind either
the BD1 or the BD2 domain of each of the four family members, BRD2, BRD3, BRD4, and
BRDT. Thus, the compounds are termed pan—-BET inhibitors. I-BET762 is currently in Phase I/11

clinical trials for the treatment of NUT midline carcinoma (NMC).?
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Figure 6: I-BET762 1 and (+)-JQ1 2 were the first reported bromodomain inhibitors.

I-BET762 1 was discovered during efforts to find a small molecule up—regulator of the protein
Apolipoprotein A1 (ApoAl), which has been implicated in the protection against atherosclerosis.*
1213 At the time, the mode of action and molecular target of this mechanism were unknown and,
as such, a phenotypic screen was required to initiate the programme. A phenotypic screen is a
high-throughput assay method that utilises a biological effect as an output parameter; this is useful
when the biological target is unknown. A cell-based reporter assay was used to identify small
molecules which could enhance ApoAl expression. This assay utilised a cell-line containing an
ApoALl luciferase reporter gene. A hit was identified from the reporter assay and, without
knowledge of the molecular target, lead optimisation resulted in the discovery of [-BET762 1,
which showed an ECso value of 700 nM in the ApoAl reporter assay. Lead optimisation
highlighted that the benzodiazepine core was essential for activity, and that a variety of
stereochemically defined groups projecting from the 4—position were tolerated, and could be used

to modulate the physicochemical properties of the molecules.

Subsequently, the molecular target of [-BET762 1 was identified. Initial profiling against panels
of known therapeutic targets such as kinases, G-protein coupled receptors (GPCRs), and ion
channels gave no suggestion of the mode of action, and as a result a chemo proteomics approach

was utilised.> ¥ A solid phase support containing fixed [-BET762 1 was used in an affinity
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chromatography experiment, in which HepG2 cell lysates were passed through the column.
Several proteins were consistently shown to be retained by the active matrix. An inactive control
which contained the enantiomer of [-FBET762 1 showed no evidence of similar protein retention.
LCMS/MS studies identified proteins BRD2, BRD3, and BRD4 as the biological targets. Once
the targets were identified, development of target specific assays could be achieved. In a
biochemical time-resolved Forster resonance energy transfer (TR-FRET) assay, [-BET762 1
showed 1Csp values from 32.5 — 42.5 nM across proteins BRD2, BRD3, and BRD4. In an in vivo
mouse model, [-BET762 1 has been shown to suppress the expression of key pro—inflammatory
genes.'* Additionally, it has been demonstrated that I-BET762 1 inhibits cell growth in a panel of
tumour cell lines.** I-BET762 1 also exhibits a good pharmacokinetic profile: high in vitro
permeability (167 nm s, high solubility in all physiologically relevant vehicles tested (> 3 mg
mL™), low cytochrome P450 isoform potencies (ICs > 33 pM), and low in vitro liver microsomes
and hepatocyte clearance in all relevant species (CL; < 1.7 mL min™ g™).* On April 3" 2013, I-
BET762 1 became the first BET inhibitor to enter clinical trials,'® where is it currently in Phase
I/11 for the treatment of NUT midline carcinoma and for other haematological malignancies

(NCT01587703 and NCT01943851, respectively).

(+)-JQ1 2 was discovered by Filippakopoulos and co-workers by data mining of published
literature.2 A Mitsubishi Pharmaceuticals patent revealed that thienodiazepines have affinity for
the BRD4 BET protein.'® (+)-JQ1 2 and its enantiomer were designed by utilising available SAR
and molecular modelling. An AlphaScreen (Amplified Luminescent Proximity Homogenous
Assay) in which fluorescence is measured as a function of ligand binding, showed (+)-JQ1 2 has
ICso values of 33 nM (BRD4 BD1) and 77 nM (BRD4 BD2). The selectivity of (+)-JQ1 2 for the
BET proteins was observed by implementing a binding assay based on differential scanning

fluorimetry (DSF). Binding of (+)-JQ1 2 increased the thermal stability of all bromodomains of
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the BET protein family, with no significant stability shifts observed with non-BET
bromodomains, indicating selectivity for the BET family. (+)-JQ1 2 has been shown to inhibit
growth tumour cells lines, and in vivo activity has been demonstrated in mouse models of NMC,

metabolic disease,'” and acute myeloid leukemia.®

X-ray crystal structures of I-BET762 1 and (+)-JQ1 2 crystallised in BRD2 BD2 are available.
Both compounds exhibit very similar binding interactions whereby the methyltriazole moiety acts
as the KAc mimetic (Figure 7). One of the nitrogen atoms of the triazole ring is involved in a
hydrogen bond to the conserved Asn residue, while the adjacent nitrogen atom makes a water—
mediated hydrogen bond to the Tyr residue. The methyl substituent of the triazole ring occupies a
hydrophobic pocket. The aromatic rings of each compound occupy the ZA channel, sitting
between the aZ and oA helices. The chlorophenyl substituent interacts with the WPF shelf region,
which consists of a tryptophan (W), proline (P), and phenylalanine (F) residue. Designing small
molecules which interact with the WPF shelf region is a common method of increasing binding

affinity and selectivity over non-BET bromodomains as this motif is unique to BET proteins.'*
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Figure 7: An overlay of X-ray crystal structures of I-BET762 1 (pink) and (+)-JQ1 2 (purple)
co—crystallised in BRD2 BD2. The methyl triazole moiety acts as the KAc mimetic, forming the
key interactions to the Asn and Tyr residues. (PDB codes = 5dfc, 3oni)

Following the discovery of I-BET762 1 and (+)-JQ1 2, the reported number of BET inhibitors
developed as potential epigenetic therapeutics has significantly increased, with a number of small
molecules progressed into the clinic. As of June 2018, there are 16 small molecule BET inhibitors
undergoing clinical trials. In addition, a large number of small molecule bromodomain chemical
probes used to aid biological evaluation have been disclosed. *® This has led to the discoveries of
structurally diverse KAc mimetics, and novel motifs which can interact with the ZA channel and
WPF shelf. Early examples include —diazepine 3,° —azepine 4,%! isoxazole 5, 2—thiazolidinone
6, and pyrrolopyridinone 72*? (Figure 8). Each of these compounds have a KAc mimetic which
interacts with the KAc binding site by forming a hydrogen bond to asparagine 140, and a water—

mediated hydrogen bond to tyrosine 97, in an analogous fashion to I-BET762 1 and (+)-JQ1 2.
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Figure 8: Reported BET inhibitors with a diverse range of KAc mimetics, including —diazepine
3,2 —azepine 4,2 isoxazole 5, 2-thiazolidinone 6,2 and pyrrolopyridinone 7?*?°. The KAc
mimetic is highlighted in red.

1.3.1 BD1/BD2 selective BET inhibitors

The majority of reported BET bromodomain small molecule binders are pan—BET inhibitors.
However, results from current clinical trials suggest that pan—BET inhibition can result in
associated toxicity effects such as fatigue, anaemia, hyponatraemia, low blood platelet count, and
gastrointestinal effects.® To improve the therapeutic window — the range of doses which achieve
the greatest therapeutic benefit, without also generating unwanted side-effects — it has been
hypothesised that selective inhibition of the BD1 or BD2 BET bromodomains would be a useful

strategy to minimise such side effects related to pan inhibiton.®%’

However, there is minimal understanding of the domain specific function of the BD1 and BD2

bromodomains due to a lack of appropriate, selective molecular tools. In relation to this, it has
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been suggested that selective inhibition of either the BD1 or BD2 bromodomain can induce

differentiated gene expression not reported with pan—-BET small molecule inhibitors.?

A small number of BD2 selective molecules have been reported. The most advanced domain
selective compound is RVX—208 8, developed by scientists at Resverlogix (Figure 9).%° This
compound was shown to be an up-regulator of ApoAl in phenotypic assays, and until GSK’s
Nature publication in 2010, its mode of action was unknown.*? Upon the discovery that I1-BET762
1 upregulated ApoAl protein via inhibition of the BET family of bromodomains, it was
hypothesised that RVX-208 8 acted through the same mechanism. This was confirmed by both
Resverlogix® and the Structure Genomics Consortium (SGC).2° Furthermore, both groups carried
out thermal denaturation assays to show that RVX-208 8 preferentially binds to the BD2 domain
of BRD2, BRD3, and BRD4. Resverlogix reported TR-FRET BRD3 ICsvalues of 3.1 uM (BD1)
and 0.28 uM (BD2); the SGC reported AlphaScreen BRD3 ICsp values of 87 + 10 uM (BD1) and
0.510 + 0.041 uM. The SGC publication attempts to provide insight into the observed selectivity
for the BD2 domain. By comparing the co—crystal X-ray structures of RVX-208 8 in BRD4 BD1
and BRD2 BD?2, it is observed that the binding modes are almost identical. In BRD2 BD2, the
carbonyl oxygen and one of the nitrogen atoms of the quinazolinone ring system act as the KAc
mimetic, forming a bidentate interaction with the conserved Asn429 (Figure 10). The commonly
observed water—mediated interaction with Tyr386 is also present. Interestingly, RVX-208 8 does
not occupy the WPF shelf in either case. However, in BRD2 BD2, the domain unique residue
His433 is directed into the KAc binding site, packing against the phenyl ring of RVX-208 8. It is
suggested that this could result in the tighter binding affinity of RVX-208 for BD2 domains.

RVX-208 8 is currently in Phase I1I clinical trials for the treatment of cardiovascular disease.
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Figure 9: Reported BD2 selective inhibitors RVX-208 8, RVX-297 9.2% 3%

Figure 10: An X-ray structure of RVX-208 8 co-crystallised in BRD2 BD2, with BRD2
numbering. (PDB code = 4mr6)

RVX-297 9, also developed by Resverlogix,® is structurally related to RVX—208 8 (Figure 9).
RVX-297 9 is a 4—quinazolinone derivative with an alkylpyrrolidine side chain off the dimethyl
substituted phenyl ring. Analogous to the RVX-208 8 publications, RVX-297 9 shows significant

shifts in the thermal denaturation assay for the BD2 domains relative to BD1, indicating increased
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stability of the BD2 domains by RVX-297 9 over the BD1 domain. Additionally, AlphaScreen
ICso values for BRD2, BRD3, and BRD4 were reported. For example, RVX-297 9 has reported
BRD3 ICsp values of 2.34 uM (BD1) and 0.05 uM (BD?2), yielding over 40—fold selectivity for
the BD2 domain.® X-ray structures of RVX-297 9 co—crystallised in BRD4 BD1 and BRD2 BD2
show that this molecule has a similar binding mode to RVX-208 8, and a similar argument for

BD2 selectivity is described.

More recently, GSK and the University of Strathclyde reported tetrahydroquinoxalines 10 and 11
as BET BD2 selective chemical probes (Figure 11).** The tetrahydroquinoxaline motif was
developed from a tetrahydroquinoline core discovered in a fragment based screen, resulting in
tetrahydroquinoxaline 12. This compound was tested in a BRD4 FRET assay, and showed
encouraging BD2 selectivity, of 1.5 log units (BD1 plCsp 4.8 £ 0.14; BD2 plCsy 6.3 = 0.54). An
X-ray crystal structure of 12 bound to BRD4 BD?2 identified three vectors for optimization of 12
into a BD2 selective chemical probe. Extensive iterative investigations into the SAR of the 2—
position of the tetrahydroquinoxaline ring, the N-benzylic substituent, which interacts with the
WPF shelf, and the 6-aryl substituent that interacts with the ZA channel yielded lead compounds
10 and 11. Both compounds are BD2 selective, and FRET plCs data is reported for all four BET
proteins, with the highest reported selectivity at 50—fold for 10 at BRD4 BD2 over BRD4 BD1

(FRET pICsoBRD4 BD1 5.5 +0.13; BD2 7.2 + 0.07).

10 11 12

Figure 11: Reported BD2 selective inhibitors tetrahydroquinoxalines 10, 11, and 12.%
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BD1 selective small molecule inhibitors have also been reported. In 2013, Zhou and co—workers
disclosed diazobenzene MS611 13, which shows BD1 selectivity (Figure 12).%%** This compound
and related analogues have been shown to achieve up to 100-fold selectivity over the BD2
bromodomain, however it is unclear where this BD1 bias arises from. Additionally, this level of
bias is insufficient to probe the biological function of the BET BD1 bromodomain. Olinone 14,
which was reported in 2014, has a BRD4 BD1 I1Csp0f 3.4 uM, with no BRD4 BD2 activity detected

(Figure 12).%

H o)
g NH
/7
° Q \
OH et \<
13 14

Figure 12: Reported BET BD1 selective inhibitors MS436 13,2 olinone 14. The KAc mimetics
are highlighted in red.

BET inhibitors with single isoform selectivity have also been disclosed. Wohlwend et al. have
disclosed acylpyrrole 15, a BRD4 BDI1 selective inhibitor that has 10—fold bias over other
members of the BET family.*® Xanthine derivative 16 has a 10—fold bias for BRD4 BD1 over the
other BD1 domains (BRD4 BD1 ICso 5 uM) with no identifiable BD2 binding (Figure 13).% The
related publication hypothesises that a hydrogen bond between the triazolo fragment and a
conserved aspartic acid (Asp) residue, could be stabilised more in BRD4 BD1 by the ZA loop,
which exhibits differing dynamics across the BET family, and thus differing levels of stabilisation.
More recently, Zhou et al. reported a series of BRD4 isoform selective inhibitors developed via a

structure—based design approach.®” The group analysed available X—ray crystal structures of
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known BRD4 inhibitors and produced a pharmacophore model, leading to a fragment merging
and elaboration based approach. Exemplars from this work include diazobenzenes 17 and 18
(Figure 13), which, when tested in a TR-FRET assay, displayed 30 — 60-fold BRD4 selectivity
over BRD2, 50 — 90-fold selectivity over BRD3, and 70 — 120-fold selectivity over BRDT. No

selectivity was exhibited between BRD4 BD1 and BD2 domains.

o o)
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Figure 13: BRD4 isoform selective inhibitors acyl pyrrole 15, xanthine 16, and diazobenzenes 17
and 18.

Significant work has been achieved by Ciulli et al., who have taken a chemical biological approach
to establish BET sub—family selectivity. The group have developed a “bump—and-hole” strategy,
which was first disclosed in 2014 (Figure 14).*® The method involves developing a series of
analogues of known pan-BET ligands bearing a sterically bulky “bump” that complements a
“hole” on a mutant bromodomain protein. All bromodomains in the BET family contain a
conserved leucine residue in the ZA loop (Leu94 in BRD4 BD1) that can be mutated to the smaller

residue alanine, thus generating a “hole” in the protein. A methyl ester analogue of -BET762 1,
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ET 19, was generated also possessing a functionalised methylene side—chain with a stereodefined
ethyl group to act as the “bump” (Figure 14). Full profiling of the selectivity of 19 for mutant
bromodomains relative to wild type was achieved by isothermal calorimetry for all eight BET
proteins. This profiling highlighted that binding selectivity for the mutant versus wild type
bromodomain can be achieved, with selectivities of up to 540-fold and no less than 30—fold
observed across the BET protein family. This work highlights an alternative engineered method

to achieve BET sub-family selectivity by utilising single point change mutant BET proteins.

Cl
bump modification \ O
HN—< N/ o~<7gN: O o
SN

I-BET762 (1) ET 19

Figure 14: The “bump—and-hole” strategy developed by Ciulli et al. utilises analogues of known
BET inhibitors.34°

Ciulli et al. have further developed this strategy, synthesising alternate analogues for -BET762
1, that target different protein vectors, which also show isoform selectivity via the “bump—and—
hole” approach.®® Most recently, the group have optimised their “bump-and-hold” strategy,*
introducing a leucine/valine mutation rather than the more disruptive leucine/alanine mutation
previously disclosed. A lead optimisation effort guided by the SAR of known benzodiazepine
analogues led to the generation of 9-—ME—1 20, a methyl ester variant of I-BET762 1, that also
contains a stereodefined methyl substituent acting as the “bump” (Figure 15). 9-ME—-1 20 shows
> 100—fold selectivity for the L/V mutant over wild type bromodomain proteins. This probe has
been used to investigate and compare the roles of the first and second bromodomains in chromatin

binding. To date, this has been a challenging task due to the availability of high quality, domain
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selective chemical probes, and so Ciulli’s chemical biology approach has proved significant. The
experiments performed with 9-ME-1 20 highlighted the importance of the BD1 domain in all
BET proteins for the function of chromatin recognition. It was shown that the BD2 domain has
varying levels of importance in chromatin recognition, while that BRD4 BD2 is essential for gene
expression; it was hypothesised that this protein is needed for the recruitment of non-histone
proteins. Ciulli et al. have delivered a useful methodology to probe the specific functions of the

BD1 and BD2 domains, without the development of highly domain selective tool molecules.

Cl

\ (0]
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N/ N
83

9-ME-1 20

Figure 15: An optimised “bump—and—hole” strategy led to the development of 9-ME-1 20, which
was utilised in experiments probing domain specific functions.*

The difficulty in designing a compound which is truly selective (> 1000-fold) for BD1 or BD2
arises from the structural similarity of the BD1 and BD2 domains. This challenge is highlighted
by the small number of selective BET BD1 or BD2 probes which have been reported in literature.
Within the BET binding pocket, the BD1 and BD2 domains have 100% sequence homology.*
When considering residues adjacent to the binding pocket, the domains differ in amino acid

sequence at only five positions (Table 1).%

Amino Acid BRD2 BRD3 BRD4 BRDT

Point Change BD1/BD2 BD1/BD2 BD1/BD2 BD1/BD2
1 1162/V435 1122/V397 1146/V/349 1115/Vv357
2 D160/H433 D120/H395 D144/H437 D113/H355
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3 K107/A380 K67/A342 K91/A384 K60/A302
4 Q101/K374 Q61/K336 Q85/K378 R54/N296

5 R100/Y373 Y60/Y335 Q84/Y377 Q53/Y295

Table 1: The differences in BET BD1 and BD2 primary structure.®

Although subtle, the changes in the BD1 and BD2 bromodomain structure have the potential to be
exploited in the development of domain specific small molecule inhibitors. Utilisation of the
available literature and crystallographic data will potentially allow for the development of truly
selective (> 1000-fold) BET BD1 chemical probes. Such probes are essential to fully understand
the domain specific function of the BD1 (and BD2) bromodomains, and have the potential to

progress as therapeutics which avoid the toxicity profile associated with pan—BET inhibition.

1.4 Chemical probes
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A chemical probe can be defined as a small molecule which can reversibly or irreversibly bind to
a particular biological target in a selective manner, and can interrogate the biological system of
interest to determine target function. Although they have the potential to be developed into
therapeutics, the characteristics of a chemical probe and a drug can differ. Parameters for a desired

chemical probe have been described by Bunnage and co—workers (Figure 16).

Selectivity

/ >100-fold

Inactive control
(for example,
enantiomer)

/

Potency Structure
<100 nM in —> Probe noncovalent
biochemical assay or irreversible

Potency in
cellular
assay <1luM

Multiple active
and selective
chemical classes

Aqueous
solubility

Permeability
passive or
active transport

Figure 16: Bunnage and co—workers report the general characteristics required of a useful

chemical probe.*

For a chemical probe to be utilised in assessing the function of a biological target, it is essential
that it can reach the site of action. Consequently, permeability is a key consideration when
designing a chemical probe; it is important that evidence is generated to support cell permeability.
This parameter can be measured directly by permeability assays, or indirectly via whole-cell
potency assays. If a chemical probe is intended for in vivo purposes, aqueous solubility also
becomes important with regard to accessing the site of action. If permeability is considered a

prerequisite for a quality chemical probe, the next consideration is target engagement and potency
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at the site of action. Potency can be assessed via biochemical and cellular assays. Biochemical
assays provide a simple view of potency, and can only confirm that the probe is engaging the
target. Whole-cell phenotypic assays provide a more in-depth analysis of target engagement and
efficacy. The selectivity profiles of a chemical probe and a drug have very different criteria. A
chemical probe is used to investigate the phenotypic effect and function of a specific biological
target, and it is thus imperative that is has high selectivity for that target to have confidence in
correlating the target of interest to the observed phenotype. By contrast, a therapeutic often does
not need as strict a selectivity profile. A drug must be efficacious and safe, but this may be
achieved without strict selectivity. In fact, ‘safe’ promiscuity may be warranted to achieve high
efficacy. While it is desirable to have high selectivity, it is certain that a chemical probe will have
some off-target effects. Consequently, it is recommended to build a chemical took kit of
structurally orthogonal probes to allow for cross-validation. A structurally related inactive control
compound is also useful for this purpose. If these criteria can be adhered to, a chemical probe can
be a powerful tool in identifying and validating target function, with the prospect of therapeutic

development.
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2.0 Proposed Work

The aim of this project is to develop a truly selective (>1000 fold) BET BD1 bromodomain
chemical probe. Ideally, the probe will have the required physicochemical properties to be capable
of in vivo studies. A suitable probe will allow elucidation of the biological function of the BET
BD1 bromodomain. As yet, no truly selective BET BD1 chemical probes at the (>1000-fold) level
noted above have been disclosed in the literature. This will be of significant interest to the
scientific community as little is known about the domain specific functions of the BD1
bromodomain. If this can be understood, it will aid the development of therapeutics targeting BET

proteins.

The parameters for a BET BD1 selective chemical probe have been adapted from Bunnage’s
work.*! In particular, a TR-FRET biochemical plCso and Whole Blood Monocyte chemoattractant
protein-1 (hWB MCP-1) cell based plCsy of > 7 (ICso < 100 nM) are desired, this will ensure
sufficient target engagement and efficacy. Crucially, 1000-fold selectivity over the BET BD2
domain is required. This is a result of emerging data from elsewhere in our laboratory where BET
BD2 selective inhibitors are being developed.*® In this related programme, it has been shown that
less than 1000-fold selectivity is insufficient to ensure engagement of only the second domain. As
a result, this knowledge has been adapted for the BET BD1 domain probe. Additionally, 100-fold
selectivity over non-BET bromodomains is desired. Such a selectivity profile will ensure that
when utilised to probe the function of the BD1 domain, any biological effect observed can be
attributed to the BET BD1 domain, and not to other related bromodomains. Sufficient potency and
selectivity is key to enable association between in vitro and in vivo findings. Finally, in conjunction
with high affinity and selectivity, it is desired that the probe has high cell permeability and
solubility. This will allow it to be used in vivo studies to generate useful pharmacokinetic and

pharmacodynamic data.
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The starting point for this project is a historic BET ‘benzimidazole’ series developed within our
laboratories®® An example from the series is benzimidazole 21, a highly profiled pan-BET
bromodomain inhibitor. A key structural feature of benzimidazole 21 is the pyridone ‘warhead’
which acts as the KAc mimetic as can be seen in the crystal structure of 21 in the BRD4 BD1
binding region (Figure 17 (a)). The di ether motif extends into a region known as the WPF shelf
(Figure 17 (b)). Additionally, benzimidazole 21 extends into the ZA channel, which is situated
between the oZ and aA helices of the bromodomain (Figure 17 (c)). The morpholine substituent

extends into solvent.

€) ZA channel

21

Acetyl lysine (KAc) mimetic -'warhead'
Extends to WPF shelf
Extends to ZA channel

Figure 17: X—ray crystal structure of benzimidazole 21 co—crystallised in BRD4 BD1. (a) key
interaction of the KAc mimetic with Asn140 (a), (b) interactions of the WPF shelf (¢) ZA
channel.

During the development of the benzimidazole series, over 1500 compounds were designed and
synthesised to produce relevant SAR. The series was ultimately terminated by GSK when
Boehringer Ingelheim released a patent covering the structure of the benzimidazole compounds.*

Data mining of the GSK series highlighted that several of the compounds show inherent BD1

32



bromodomain selectivity. As a result, this series was chosen for further development in this
project. Therefore, all known data on the benzimidazole series was interrogated using the Spotfire
visualisation software to highlight SAR relevant to BD1 selectivity. It was envisaged that existing
SAR could generate hypotheses for the next generation of analogues which could ultimately lead

to a high quality chemical probe.

By developing a high-quality BET BD1 selective chemical probe, the source of this BD1
selectivity would also be investigated, with a view to developing further understanding in this
overarching area. The source of BD1 selectivity for the benzimidazole series has not previously
been investigated. This could aid the design of the BD1 selective series, whilst also generating
knowledge for future generations of BET BD1 and BD2 selective chemical probes. In order to

achieve this aim, both computational methods and x-ray crystallography will be used.
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3.0 Results and Discussion

3.1  Spotfire visualisation of the benzimidazole series

In order to identify which substituents of the benzimidazole core were already providing BD1
selectivity, Spotfire analysis of historic compounds was undertaken. Initially, the benzimidazole
motif with the pyridone ‘warhead’ was treated as the ‘core’ structure 22, as much of data available
was for this scaffold. Each vector from the benzimidazole was treated as a different R—group

vector (Figure 18).

R2 R1
1 /
RS N N
/ / o)
R* N —
RS
22

Figure 18: R—group analysis was carried out on the benzimidazole series 22, constituting five R

group vectors.

Analysis of the R1 vector, which extends out to the WPF shelf region, was carried out where R2
— R5 were hydrogen. This showed that capped piperidine motifs were consistently providing BD1
selectivity by significantly increasing BD1 potency, while BD2 potency is marginally increased
(Table 2). Acetyl—capped piperidine 23 shows 1.8 log units selectivity for BRD4 BD1 over BD2
(Entry 1, Table 2). Interestingly, acetyl-capped piperidine 24, the enantiomer of 23, has a lower
BD1 selectivity, at 1.2 log units (Entry 2, Table 2). The regioisomer of 24, acetyl-capped
piperidine 26, maintains BD1 selectivity at 1.7 log units, but has a significantly decreased BRD4
BD1/BD2 potency of 6.8/5.1. This comparison highlights that ‘meta’ substitution of the acetyl-
piperidine ring is the preferred substitution pattern for this substituent. Fluorinated acetyl-capped
piperidine 25 also exhibits good BD1 selectivity at 1.7 log units, indicating that substitution from

the acetyl group is tolerated. The diether motif present in benzimidazole 27 provides 1.1 log units
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of selectivity at BD1 (Entry 5, Table 2). Where R1 is a methyl group , BD1 bias is still maintained
with benzimidazole 28 showing 0.9 log units selectivity for BRD4 BD1 over BD2, however this
compound has low potency (plCso < 6) (Entry 6, Table 2). This supports the previously mentioned
strategy of accessing the WPF shelf to increase potency (Section 1.3). Certain shelf groups provide
potency but not sufficient selectivity. For example, a benzylic shelf group provides no BD1
selectivity while having potency at BRD4 BD1/BD2 in the desired space (plCso 7.6/7.2) (Entry 7,
Table 2). Sulfone shelf groups were shown to not be potent (pICso < 6) and have no selectivity for

BD1 over BD2 (Entry 8, Table 2).

BRD4

Compound R1 (WPF shelf) BD1
Entry Number group? BD1/BD2 Selectivity
p1Cso
N
1 23 \ff Oj, 8.0/6.2 1.8
o}
2 24 "O 7.5/6.3
Tl
3 25 F Oi 7.7/5.9 1.8
B
X
4 26 Ujk 6.8/5.1 1.7
\O o/
7.4/6.3

ol
N
~
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6 - Chy 5.7/4.8

7 29 7.6/7.2 0.4

—8=0

8 30 i 5.7/5.4 0.3

Table 2: *Where R2 — R5 = H. Results of data mining of compounds functionalised at the R1
position. Green denotes ‘good’ selectivity of 1.5 — 1.8 log units; amber denotes ‘moderate’
selectivity of 0.9-1.4 log units; red denotes ‘minimal’ selectivity of 0.3 — 0.8 log units. The
potency data disclosed is the mean of at least 2 test occasions.
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Match—pair analysis of the R5 vector indicated that addition of a chloro- or methoxy-substituent
can further increase BD1 selectivity (Figure 19). In this analysis, R2 — R4 were set as hydrogen,

and the R1 vector was varied to a pyran, acetyl piperidine, and diether motif.

25 @ H N N
) / o
24 0.2 " N \=
R5
23
22 @ R5=0Me
21
0.5 R5=Cl
2
plCso 19 ® R5=H
BD1 -BD2
18 @
17
101

16 ®
15 )
14 0.4
13 0.4
12 @
1.1 o

Figure 19: Match-pair analysis of the R5 vector.

A match—pair analysis of the R4 vector was carried out. In this instance, vectors R2, R3, and R5
were set as hydrogen, and various R1 groups were selected. From this data, it was noted that
addition of a 4-N-methylpiperazine moiety could provide a further jump in selectivity of up to 0.4

log units (Figure 20).
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Figure 20: Match-pair analysis of the R4 vector.
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Although it was found that addition of a 4-N-methylpiperazine substituent at the R4 position
provides a small increase in BD1 selectivity, investigation of this vector was down prioritised.
Incorporation of bulky heterocyclic rings to the benzimidazole core will add significantly to
the molecular weight of this series, which is already close to 500 amu. It was envisaged that
the R1 substituent would also add molecular weight to the series, and so this vector was

prioritised over the R4 vector.

It was decided that the R1 and R5 vectors were the key areas of interest for generating further
SAR and selectivity for BD1. Each vector and relevant motif will be analysed in turn in order
to determine what it is providing BD1 selectivity. Analogues will be synthesised in efforts to

further increasing BD1 selectivity over BD2.
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3.2 Functionalising the R5 vector

Spotfire analysis had shown that where R5 is a chloro- or methoxy-substituent, an increase in
BD1 selectivity is observed. In order to further investigate what parameters are driving this
effect, and with the aim of increasing the selectivity window, further analogues were designed
that varied electronics, size, and polarity (Figure 21). The acetyl-piperidine motif was chosen

as the preferred R1 substituent, as it had previously been shown to exhibit good BD1

PP
P G et

33

selectivity.

Figure 21: Target analogues varying at the R5 position.

It was known that the target benzimidazoles could be made in two key steps. An initial
nucleophilic aromatic substitution (SyAr) reaction would install the amine 38, followed by a

one—pot nitroreduction and cyclisation to form the benzimidazole core (Scheme 1).

N
o=t —

34 35 36 37 38

\7]/

Scheme 1: Retrosynthetic analysis of target compounds varying at R5.

With this in mind, the synthesis of benzimidazole 31 was achieved in two steps (Scheme 2).
An SNAr reaction carried out in ethanol gave nitro aniline 40 in a low vyield (37%). A
subsequent zinc-promoted nitroreduction and cyclisation of nitro aniline 40 with aldehyde 38

yielded the desired benzimidazole 31 in 12% yield.
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Scheme 2: Synthesis of compound 31.

Given the low yields, optimisation of the route was necessary. Historically, the cyclisation was
performed using sodium dithionite as the reducing agent,* whereby a nitro aniline, aldehyde
36, and sodium dithionite were added simultaneously to the solvent and then heated to 100 °C
(Scheme 3). However, attempts utilising these conditions showed no conversion to the desired
product, and only starting material could be observed by LCMS (Scheme 3, (a) and (b)). An
exact substrate from a historic synthesis was replicated,*® and where previously it yielded

benzimidazole 46, no product was observed (Scheme 3, (c)).
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Scheme 3: Attempted benzimidazole formation using sodium dithionite.

The SnAr was optimised on an analogue where R5 is a methyl substituent (Scheme 4). It was
found that utilising N,N—dimethylformamide (DMF) as a solvent instead of EtOH greatly
increased the yield for this SyAr reaction. For the nitro reduction and cyclisation step, it was
found that pre-mixing the aldehyde and amine at 80 °C, prior to the addition of the sodium
dithionite at 100 °C, yielded the cyclised product 50 in a moderate 57 % yield. Cyclised
product 50 was then treated with hydrochloric acid solution to remove the tert-
butyloxycarbonyl (Boc) protecting group, and subsequently acetylated with acetyl chloride to

yield desired benzimidazole 32 in moderate yield.
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Scheme 4: Synthesis of benzimidazole 32 was achieved in four steps, utlllsmg the optimised

cyclisation conditions.

The synthesis of phenol analogue 33 was achieved in a similar manner, utilising methoxy

intermediate 52, which had previously been synthesised for another purpose (see Scheme 12).

Boron tribromide was employed to demethylate the methoxy substituent, revealing phenol

analogue 33 (Scheme 5).
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Scheme 5: Synthesis of phenol analogue 33.
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Once analogues 31 - 33 had been synthesised, they were submitted for biological testing by

means of a BRD4 FRET assay, and the data was compared with historic benzimidazole

r
O N/
N
L
Van
R5
5

BRD4 Selectivity

compounds (Table 3).

Entry  Compound R

BD1/BD2

FRET

pICso
1 23 H? 8.0/6.2 1.8
2 31 Br 7.0/5.6 14
3 32 Me 7.3/5.1 2.2
4 33 OH 7.8/5.6 2.2
5 54 CI? 7.5/5.2 2.3
6 55 OMe? 7.7/5.2 2.5
7 562 NH? 7.2/5.6 1.6

Table 3: Potency data for R5 functionalised analogues. ®Historic compounds.*® The potency

data disclosed is the mean of at least 2 test occasions.

Relative to benzimidazole 23, all R5 substituents currently tested decrease in BD1 and BD2
potency (Table 3). Interestingly, BD2 potency drops further than BD1 potency, giving an
increased selectivity window. It is currently unclear why this is the case. Synthesis of more R5
substituted analogues would be useful to generate a more appreciable SAR. It is thought that
functionalisation of the R5 group can be used in conjunction with another vector if it is thought

a further increase in BD1 selectivity or modulation of physicochemical properties is required.
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3.3 Investigation of an amino acid point change between BD1 and BD2

As previously discussed, there are only a few point changes of amino acid sequence at the
BD1 and BD2 domains. One such point change close to the binding site is an aspartic acid
(Asp) residue in BD1 and a histidine (His) residue in BD2 (Figure 22). An aspartic acid at
physiological pH exists in its carboxylate form (pKa 3.9), while a histidine residue can exist
in its protonated form at physiological pH (pKaH 6.0). As such, this point change could have

a significant effect on the binding of ligands in this region.

 — \ ¥

ASP140 (BD’ v e
/ HIS437 (BD2)

A

Figure 22: Overlaid X-ray crystal structures of BRD4 BD1 and BD2 with BRD4 numbering.
The point change of Asp140 (BD1) to His437 (BD2) is highlighted. (PDB codes = 20ss,
2dww)

45



An X-ray crystal structure of benzimidazole 57, which has an acetyl piperidine motif at R1,

showed that this motif does not appear to interact with the WPF shelf, but instead the acetyl

group points out towards the His433 in BRD2 BD2 (Figure 23).

Figure 23: X-ray crystal structure of benzimidazole X co—crystallised in BRD2 BD2 shows
that the acetyl piperidine motif is directed towards His433.

It was hypothesised that further derivatising a benzimidazole molecule by extending from the
acetyl piperidine with a basic group, that would be charged at physiological pH, would result
in a favourable interaction with the Asp residue in BD1, and an unfavourable interaction with
His in BD2. An initial amine functionalised target 58 was chosen to test this hypothesis (Figure
24). This target was generated from the overlaying of crystal structures of related

benzimidazole compounds with the BD1 domain, to determine a suitable linker length.

Figure 24: First generation amine functionalised target molecules.
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3.3.1 Synthesis of amine functionalised benzimidazoles

It was envisaged that amine functionalised targets could be synthesised in a similar fashion to
previous compounds via an initial SyAr reaction followed by a one—pot nitro reduction and
cyclisation to generate the benzimidazole core (Scheme 6). The amide functionality would be
introduced at the final step by an amide coupling between benzimidazole 60 and the amine
functionalised carboxylic acid coupling partner (Scheme 6). This route would allow for late

stage derivatisation and rapid synthesis of analogues.

R N HN BocN

) N
) = ok =
N/}_(:{: © @ESQ'_Q{:O NO,
59 60 36

N

F BOCNQ
: :NO2 H,N
62 48

Scheme 6: Retrosynthetic analysis of amine functionalised target molecules.

Synthesis of the benzimidazole core 60 was achieved in three steps (Scheme 7). An SNAr
reaction to couple nitrophenyl 62 and amine 48 gave nitro aniline 61 in excellent yield. A
sodium dithionite promoted nitro reduction and cyclisation with aldehyde 36, followed by a

Boc deprotection produced benzimidazole core 60 in good overall yield.
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Scheme 7: The synthesis of key benzimidazole intermediate 60 was achieved in three steps.

The initial target 58 was synthesised by an amide coupling between amine 60 and a suitable
carboxylic acid coupling partner, and subsequent Boc deprotection. Use of
hexafluorophosphate azabenzotriazole tetramethyl uronium (HATU) reagent and DMF gave

58 in good yield after Boc deprotection and purification by mass—directed auto—prep (MDAP)

(Scheme 8).
H,N
HN i) HATU, DIPEA WN
Y 1) DMF, RT o /

N N i dioxans N N
©i ) J o BocN\/\)J\OH uR)THCI, 1,4-dioxane ©: ) j o

N = 87% N =

60 64 58

Scheme 8: Benzimidazole 58 was synthesised via HATU promoted amide coupling.

Benzimidazole 58 was submitted to the BRD4 TR-FRET assay, testing against BRD4 BD1
and BD2. A MCP-1 cell potency assay was also carried out, to assess the correlation between

biochemical and cell-based potency. ChromLogD-.4 values were also measured (Table 4).
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° N N ° N N
N — N —
Compound 58 23
BRD4 BD1/BD2 plCso 7.8/5.6 8.0/6.2
Selectivity BD1-BD2 2.2 1.8
hWB MCP-1 pICs 6.3 -
ChromLogD7.4 1.18 2.20

Table 4: Biological data of amine target 58 compared to acetyl piperidine 23. The potency
data disclosed is the mean of at least 2 test occasions.

Benzimidazole 58 does provide an increased selectivity window compared to benzimidazole
23. Benzimidazole 58 has a lower BD1 and BD2 potency compared to benzimidazole 23; the
increase in selectivity derives from an increased relative drop in BD2 potency. In a cell-based
assay, benzimidazole 58 had a markedly lower potency of 1.5 log units relative to the
biochemical TR-FRET assay. This may be explained by the relatively low ChromLogDy 4, and
possible low permeability into cells. This initial result was encouraging, as it highlights that
increased BD1 selectivity can be derived from amine functionality, supporting the initial

hypothesis.

To further probe the hypothesis, a second pool of amine functionalised benzimidazoles was
designed. Benzimidazoles 65, 66, and 67 were designed to test the effect of reduced hydrogen

bond donors, linker length, and aromaticity on BD1 selectivity, respectively.

In a similar fashion to 58, each compound was synthesised by a HATU promoted amide
coupling of amine 60 and a corresponding carboxylic acid coupling partner 68, followed by
Boc deprotection if required (Table 5). All three reactions show excellent conversion to desired
product; the low reported yields arise from poor recovery of free amine compounds during

purification by reverse phase chromatography.
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HN N

q " HATU, DIPEA o>]/ q

/ )J\ : /

N N R”SOH DMF,RT N N

7 ’ 7

N = N \=

59

60 68
Entry Compound Acid Conditions % Yield
1 65 /év\)okOH 2 h? 47
0
2 66 BocN/\/\)J\OH 2 h 23P
3 67 HN\/THiOH 17 h? 19°
=N

Table 5: Synthesis of second generation amine functionalised benzimidazoles.?Additional
carboxylic acid was added at 1 h. Yield over two steps after subsequent Boc deprotection.
‘Isolated as the formic acid salt.

These three final compounds were then submitted for biological testing, in an analogous

Q.
-

I (6] O (o] [e)
N HoN
- \/\)g/ HZNM HN/%,)JY 2 \/\)JY
\=N

manner to benzimidazole 58 (Table 6).

Compound 65 66 67 58
BRD4
BD1/BD2 8.0*/5.8* 7.9/6.0 7.0/4.9 7.8/5.6
p|C5o
Selectivity
BD1_BD2 2.2 1.9 2.2 2.2
hWB MCP-1 6.8 6.3 : 6.3
pICso
ChromLogD7.4 1.48 1.21 1.30 1.18

Table 6: Biological data of second generation benzimidazole compounds. The potency data
disclosed is the mean of at least 2 test occasions, for n=1 data, this is stated by *.
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Benzimidazole 65 was designed to remove hydrogen bond donors from the molecule, to
determine if this influences BD1 selectivity and cell potency. Comparing to benzimidazole 58,
it has the same BD1 selectivity, but increased BD1 and BD2 potency. Furthermore, the MCP-
1 cell potency has increased by 0.5 log units, at 6.8, compared to 6.3 for benzimidazole 58.
Benzimidazole 66 has an additional CH, moiety compared to benzimidazole 58, to examine
the effect of increased linker length on BD1 potency and selectivity. Indeed, there is an
increase in BD1 and BD2 potency, but a slight drop in BD1 selectivity relative to
benzimidazole 58. Finally, benzimidazole 67 contains an aromatic imidazole group, to
compare sp? to sp* hybridised functional groups. Benzimidazole 67 has the same selectivity
window as 58, but a BRD4 BD1 potency of only 7.0, which is at the lower limit of desired

efficacy range. Consequently, no further investigation of this molecule was undertaken.

While benzimidazoles 58, 65, and 66 had an increased BD1 selectivity compared to acetyl-
substituted benzimidazole 23, they all contained a flexible alkyl linker. It was thought that by
rigidifying this linker, a more directional interaction with the aspartic acid or histidine could
be achieved. Consequently, a lower entropic penalty could result in an increase BD1 potency,
whilst lowering BD2 potency. As such, six-membered heterocycles 69 — 74 were synthesised

by HATU-promoted amide coupling to test this theory (Table 7).

R
HN N
0 r
/ HATU, DIPEA O /

N Koow Durer N
N / R OH DMF, RT N /
/4 o / o
N — N —
60 68 59

Entry Compound Acid Conditions % Yield

1 69 ON OH 1h 40

2 70 O)%H 1h 25
BocN
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1h 28

4 72 /ﬁ
O

0
OH
o)
““‘lkOH 1h Kh
BocN
o)
N JJ\OH

6 74 Q

Table 7: Synthesis of N-heterocyclic third generation benzimidazole compounds. *Yield over
two steps after subsequent Boc deprotection.

1h 36

In a similar fashion, benzimidazoles 69 — 74 were submitted for biological testing (Table 8).

Rqu
ot
joaiissoalosiiendon

Compound 69° 70 71 72 73 74
BRD4
BD1/BD2 6.8/5.1 7.5/4.9 7.8/4.8 7.7/4.8 7.9/5.1 7.0/4.6
p|C50
Selectivity
1.7 2.6 3.0 2.9 2.8 2.4
BD1-BD2
AWB MCP-1 g g 5.9 7.1 6.8 6.5 6.6
(cell) pICso
ChromlogDy7.4 1.68 1.30 1.69 1.46 1.40 2.12

Table 8: Biological data of third generation N-heterocyclic benzimidazoles. *Submitted as a
diastereomeric mixture. The potency data disclosed is the mean of at least 2 test occasions, for
n=1 data, this is stated by *.

Analysis of the biological data shows that all benzimidazoles in this generation of compounds,
except benzimidazole 69, have an increased BD1 selectivity relative to the acetyl piperidine

motif in compound 23. Regarding benzimidazole 69, this was submitted for test as a
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diastereomeric mixture, which could explain the lower BD1 selectivity. However, its lower
BD1 potency meant that there was no further investigation of this compound. Benzimidazole
70 was designed to have an alternative nitrogen substitution pattern to 69, and has a good BD1
potency (BRD4 BD1 plCsy 7.5), and a good BD1 selectivity of 2.6 log units. However, it
exhibits a large drop in potency when measured in cells, with a MCP-1 pICs of 5.9, a 1.6 log
unit drop off from the biochemical assay. Benzimidazoles 71 and 72 were designed to cap the
nitrogen of the piperidine ring, to remove a hydrogen bond donor. Benzimidazoles 71 and 72
show excellent BD1 potency (BRD4 BD1 plCsy 7.8 and 7.7, respectively). Benzimidazole 72
has a BD1 selectivity of 2.9 log units, which is close to the desired window of 3.0 log units.
Indeed, benzimidazole 71 has a BD1 selectivity of 3.0 log units, and thus is within the desired
window of selectivity. With regards to the cell-based assay, benzimidazole 71 has good cell
potency (hWB MCP-1 plCsy 7.1) that exceeds the desired criteria. Benzimidazole 72 also
exhibits good cell-based potency (hWB MCP-1 plCs 7.8), albeit it below the desired figure
of 7.0. Benzimidazole 73 also contains a six-membered ring, but now contains a primary amine
as the basic functionality. This benzimidazole also exhibits excellent BD1 potency (BRD4
BD1 plCs 7.9), and BD1 selectivity at 2.8 log units. However, compared to benzimidazoles
71 and 72, it has a larger drop-off between biochemical and cell-based potency measurements
(hWB MCP-1 plCs 6.5). Finally, benzimidazole 74 contains a piperazine based heterocycle,
as an alternative to the piperidine motif previously used. Benzimidazole 74 exhibits a lower
BD1 potency than its counterparts (BRD4 BD1 plCsy 7.0), and a lower BD1 selectivity at 2.4
log units; it exhibits good cell-based potency, with only a small drop-off between biochemical
and cell-based measurements (hWB MCP-1 plCs 6.6). However, its BD1 potency is at the
lower limit of the desired criteria, and thus was not further investigated. This iteration of
compounds highlights that use of nitrogen containing heterocycles as basic functionality in the

benzimidazole series is a strategy for yielding BET BD1 selectivity.
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With the knowledge of nitrogen containing heterocycles in hand, a fourth pool of compounds
was designed which contained heterocycles of different ring sizes to investigate if changing
the ring size could affect BD1 selectivity and potency. These were again synthesised by

HATU-promoted amide coupling of amine 60 and a suitable carboxylic acid coupling partner

68 (Table 9).

R
HN N
0 I
/ )J\ HATU, DIPEA o /

N N N

N j R” SOH DMF,RT Vi
Y, o / (0]

N — N _
60 68 59

Entry Compound Acid Conditions % Yield
0
1 75 @)kOH 20 he 30°
BocN
it
2 76 @-““LOH 66 h 26°
BocN
0
3 77a, 77b OH 1h 11°¢
BocN
i\
4 78 “"SOH 05h 34
BocN’[:7

0

5 79 . O)LOH 1h 41

Table 9: Synthesis of fourth generation benzimidazole compounds. *Additional carboxylic
acid was added after 16 h. ®Yield over two steps after subsequent Boc deprotection. “Yield of
each diastereomer over three steps after Boc deprotection and diastereomer separation by
chiral purification.

54



Table 10 summarises the biological and physical data of benzimidazoles 75 — 79.

R= i 1 I 1 i
Q)k/ (j‘“‘k/ QJ k/ QA/ QW HZN@ \\\\ k/
HN HN HIN HIN HaN
Compound 75 76 77a 77b 78 79
BRD4
BD1/BD2 8.0/6.0 7.6/5.3 7.3/4.9 7.5/4.8 7.9/5.4 7.7/5.0
p|C50
Selectivity
2.0 2.3 2.4 2.7 25 2.7
BD1-BD2
hwB MCP-1 6.2 6.0 5.7 5.7 6.7 6.0
pleo
ChromLogD7.4 1.15 1.25 1.37 1.44 1.24 1.35

Table 10: Biological data of fourth generation benzimidazole compounds. The potency data
disclosed is the mean of at least 2 test occasions.

Compared to acetyl piperidine benzimidazole 23 (Figure 25), benzimidazoles 75 — 79 all have
an increased BD1 selectivity. However, none of these compounds have an improved selectivity
compared to isopropyl and methyl piperidines 71 and 72. The most selective of this fourth
pool of compounds are benzimidazoles 77b and 79, which both have a BD1 selectivity of 2.7
log units. Additionally, none of the benzimidazoles 75 — 79 have an improved cell MCP-1
potency relative to compounds 71 and 72, although all do show activity in this regard. The
ChromLogD7.4 measurements of these compounds are all relatively low (<1.44). This data
shows that nitrogen containing heterocycles of altered ring size are all tolerated, but that six-

membered heterocycles provide better BD1 selectivity and cell potency.
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Figure 25: Acetyl piperidine benzimidazole 23.

With reference to the overall aims of this project, it is desired to design a BD1 selective
chemical probe that would have in vivo capabilities. From the array of compounds designed,
isopropyl and methyl piperidines 71 and 72 are deemed ‘lead’ compounds regarding BD1
biochemical and cell potency, and BD1 selectivity. As such, they were progressed into
subsequent assays. Both isopropyl and methyl piperidines 71 and 72 were submitted to in vitro
metabolic stability assays, to monitor compound metabolism in both liver microsomes and
hepatocytes (Table 11). If a chemical probe is to be dosed orally for in vivo experiments, it

must be able to withstand ‘first pass’ metabolism in the liver.
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N
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N — N —
Compound 71 72
BRD4 BD1/BD2 plCso 7.8/4.8 7.7/14.8
Selectivity
3.0 29
BD1-BD2
hWB MCP-1 pICs 7.1 6.8
ChromLogDy74 1.69 1.46
in vitro microsomes
mL/min/g liver
Human <0.40* <0.40*
Rat <0.46* <0.46*
in vitro hepatocytes
mL/min/g liver
Human <0.45* <0.45*
Rat <0.80* <0.80*
AMP nm s1 <3 <3

Table 11: Biological profiles of ‘lead’ benzimidazole compounds 71 and 72. The data
disclosed is the mean of at least 2 test occasions, for n=1 data, this is stated by *.

Isopropyl piperidine 71 and methyl piperidine 72 have good BRD4 BD1 biochemical potency
at 7.8 and 7.7, respectively. In each case, the BD1 selectivity is also excellent at 3.0 and 2.9
log units, respectively, almost meeting the criteria set out at the beginning of the project. With
regard to whole blood MCP-1 activity, both compounds have good cellular potencies, which
would indicate that the compound is able to pass through cell membranes. However, both
compounds have a low measured artificial membrane permeability (AMP). This apparent
inconsistency cannot currently be explained. Pleasingly, both compounds have low clearance
in microsome and hepatocytes in both rat and human species, indicating high metabolic

stability. However, if there is a membrane permeability issue as the measured values would
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suggest, the low clearance values in hepatocytes may be a product of the compounds not
permeating through the cell membrane. Consequently, the hepatocyte clearance values should
not be used to draw any valid conclusions about either compound. Nevertheless, the
microsomal clearance data gives confidence that both compounds are metabolically stable; as
microsomes do not contain a cell membrane, permeability is not an issue. Isopropyl amine 71
has been submitted for in vivo pharmacokinetic (PK) assays to generate the first in vivo PK

profile for this series.

Another key aim of the project was to develop a chemical probe with at least 100-fold
selectivity over non-BET bromodomains. Consequently, isopropyl piperidine benzimidazole
71 was submitted for a full-curve Bromoscan screen against a number of such proteins. plCso

values for BRD2, BRD3, and BRDT were also obtained (Table 12).

/<N
4
Cr-Che
71

Compound
e BDl/'BPZ Pl 8.1/5.6 (2.5)
(selectivity)
BRD2 BD1/BD2 plCso
(selectivity) 8.5/5.5(3.0)
BRD3 BD1/BD2 plICsx
(selectivity) 8.4/5.8 (2.6)
2 BDl/'B-DZ Pl 8.1/5.5 (2.6)
(selectivity)

ATAD2 plCsp <450
CECR2 plCso <450
EP300 pICso 500

PCAF plCso <450

Table 12: Bromoscan data of benzimidazole 71 for selected bromodomains. Full list of
proteins tested is available in the appendix (Section 8.0). The potency data disclosed is the
mean of at least 2 test occasions.
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For all non-BET bromodomains tested, all pICs values determined were below the lower limit
of the assay (<4.5), except EP300 which has a low plCso of 5, which is well within the 100-
fold selectivity window desired. For BRD2, BRD3, and BRDT, it was found that
benzimidazole 71 is also BD1 selective, with a selectivity value of 2.6 log units for BRD3 and
T, and 3.0 log units for BRD2. However, BRD4 BD1 and BD2 plICs, values were also
determined in this assay screen that are different from that of the in-house TR-FRET assay.
The in-house TR-FRET assay has shown that benzimidazole 71 has a BRD4 plCso of 7.8/4.8
(BD1/BD2), giving a selectivity window of 3.0 log units. However, in the Bromoscan assay,
the calculated BRD4 plCso values are 8.1/5.6 (BD1/BD2), giving a selectivity window of 2.5
log units. This discrepancy can be explained by the fact that the in-house TR-FRET and out-
sourced bromoscan assays use different protocols, but larger n numbers (n =7 vs n = 2) in the
BRD4 TR-FRET assay provide confidence that benzimidazole 71 achieves the desired 1000-

fold BD1 selectivity window.

Isopropyl and methyl piperidines 71 and 72 are the ‘lead’ compounds in this project, with
superior BD1 selectivity. However, no direct comparison to a literature BD1 chemical probe
has been possible, as these compounds are tested in different assays. Consequently, it was
decided to synthesis a literature compound with a high BD1 selectivity, and test it in-house to
compare to the ‘lead’ benzimidazole compounds. MS611 13 has been shown to have 100-fold

selectivity over the BRD4 BD2 domain.**

The first step in the synthesis of MS611 13 was a coupling of amine 80 and sulfonyl chloride
81, to give 82 in reasonable yield (Scheme 9). Next, an iron-promoted nitro reduction yielded
intermediate 83, which was taken through crude to a diazotisation and coupling with 2,6-

dimethylphenol, yielding desired compound MS611 13 in 6% yield over two steps.
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CN CN
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O O~
CN SOCl . . N N
2~ pyridine SN NH,CI, Fe S N
HAN ON CH,Cl, 1:1 MeOH:H,O
2 2 RT 70 °C
0,
64% O,N H,N

80 81 82 83

i) HCI, 1:1 MeOH:H,0, 0 °C
ii) (CH3),CHCH,CH,ONO, 0 °C
iii) K,CO3, 1:1 MeOH:H,0, 0 °C

OH
6%, over two steps

CN
o I I
°N
>5 H

N=N
</ lz MS611 13
HO

Scheme 9: A three-step synthesis of literature BRD4 BD1 compound MS611 13.3

With MS611 in hand, it was tested in both the biochemical TR-FRET and cell-based MCP-1

assays, to compare with ‘lead’ compounds 71 and 72 (Table 13).

Compound 71 72 MS611 13
BRD4 BD1/BD2 plCsp 7.8/4.8 7.7/4.8 6.3/5.0
Selectivity BD1-BD2 3.0 2.9 1.3
hwB MCP-1 plCsp 7.1 6.8 5.3*
ChromLogDr.4 1.69 1.46 5.32

Table 13: A comparison of the biological data of MS611 13 with ‘lead’ benzimidazole
compounds 71 and 72. The potency data disclosed is the mean of at least 2 test occasions, for
n=1 data, this is stated by *.

With reference to table 13, MS611 13 has a significantly lower BRD4 BD1 potency at 6.3 log

units compared to benzimidazoles 71 and 72. Furthermore, it has a lower BD1 selectivity of
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1.3 log units. Additionally, MS611 13 exhibits a low cell-based potency (hWB MCP-1 plCsp
5.3), which is 1.0 log units lower than the biochemical measurement. MS611 13 is one of the
most selective BRD4 BD1 compounds disclosed in literature.®*** This data highlights the
superiority of benzimidazoles 71 and 72, and that these compounds provide a higher quality

BD1 selective chemical probe to those currently available in the literature.

3.3.2 Investigating the hypothesis of BD1 selectivity in the amine functionalised

benzimidazole series

It was observed that relative to acetyl piperidine 23, BD1 plCsp is decreased or maintained for
each compound from the iterations of benzimidazoles tested. On first inspection, this suggests
that the hypothesised interaction with the Asp residue is not being formed, as an increased
BD1 plCso would be expected due to the formation of a strong ionic interaction. This suggests
a basic substituent may not be required for BD1 selectivity. To investigate this theory, three
benzimidazoles, 84, 85, and 86, which are functionalised from the acetyl piperidine motif but

do not contain a basic nitrogen, were designed (Figure 26).

9 9a N9
@wq @%5 @m@g

Figure 26: Benzimidazoles 84, 85 and 86 do not contain a basic nitrogen atom.
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These were synthesised in an analogous fashion to previous final compounds (Table 14).

R
HN N
0 r
/ HATU, DIPEA (0] /

N Koow Durer N
N / R OH DMF, RT N /
/ o /4 o
N — N —
60 68 59

Entry Compound Acid Conditions % Yield

1 84 O)&m 1h 40

2 85 Q)%H 1h 41
o

3 86 OAOH 1h 45
o

Table 14: Synthesis of benzimidazoles 84 — 86.

Benzimidazoles 84, 85 and 86 were then compared to previously synthesised benzimidazoles

71 and 72, and the non—functionalised acetyl piperidine benzimidazole 23 (Table 15).

L
o

o o] o o 0 o)
Y HO"
Compound 23 71 72 84 85 86
BRD4 BD1/BD2 8.0/6.2 7.8/4.8 7.714.8 6.9/4.9 6.7/4.5 6.7/4.8
p|C50
Selectivity 1.8 3.0 2.9 2.0 2.2 1.9
BD1-BD2
hwB MCP-1 - 7.1 6.8 5.7 6.2 6.0
p|C50
ChromLogD74 2.20 1.69 1.46 452 2.71 2.18

Table 15: Comparison of the biological data for benzimidazoles 84 — 86 with amine
functionalised benzimidazoles 71 and 72, and acetyl piperidine benzimidazole 23. The potency

data disclosed is the mean of at least 2 test occasions.
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Cyclohexyl, pyran, and alcohol benzimidazoles 84, 85, and 86 have a significantly lower BD1
plCso when compared to benzimidazoles 23, 71, and 72. When comparing the five
functionalised compounds, BD1 plCsg is increased (between 0.8 and 1.1 log units) upon
addition of a basic nitrogen atom. Contrastingly, BD2 plCso remains similar in all five
compounds. It was originally thought that as BD1 plICso is lower for piperidines 71 and 72
relative to acetyl functionalised benzimidazole 23, that a favourable interaction with the Asp
residue is not occurring. However, it is now hypothesised that incorporation of the six—
membered ring warrants an energy penalty in all cases, but that incorporation of a basic
nitrogen atom allows for a favourable interaction with the Asp residue, which results in the
increased potency of piperidines 71 and 72 relative to cyclohexyl 84, pyran 85 and alcohol 86.
A crystal structure of benzimidazole 71, co—crystallised in BD1 will reveal if the basic

functionality results in a favourable interaction with the Asp residue.

To probe this hypothesis further, benzimidazoles 87 - 90 were designed, whereby the basicity
of the piperidine has been reduced (Figure 27). It was thought that reducing the basicity of the
piperidine ring would decrease BD1 plCso and further solidify the idea that a basic nitrogen is

required for an Asp residue interaction and, in turn, BD1 potency.
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HF2C FsC\

Figure 27: Benzimidazoles 87 - 90 contain a nitrogen atom with reduced basicity.

Acetyl-capped benzimidazole 87 was again synthesised by a HATU-promoted amide coupling
of amine 70 and the corresponding carboxylic acid coupling partner. Mono- and di-
fluoroethylated benzimidazoles 88 and 89 were accessed in one step from piperidine
benzimidazole 70 by alkylation (Scheme 10). Trifluoroethylated benzimidazole 90 was also
accessed in one step from piperidine benzimidazole 70 using catalyst—free trifluoroethylation
conditions developed by the Denton group.*® Piperidine benzimidazole 70 was heated with
trifluoroacetic acid (TFA) and phenylsilane in tetrahydrofuran (THF) at 70 °C, and incomplete
conversion to the desired benzimidazole 90 was observed after 17 hours. Additional
equivalents of TFA and phenylsilane were added to the reaction which led to complete

conversion; 90 was isolated in 42% yield (Scheme 10).
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%/N i) TFA, PhSizH %/N
o THF, 70 °C o
N Y N N / N
/ 0] /) (6]
N — N —
70 20
BFCH2CH2F
or BrCH,CHF,NaH

DMF, RT-90 °C

R' = CH,CH,F, 88, 35%
R? = CH,CHF,, 89, 36%

Scheme 10: Syntheses of 88, 89, and 90 were all achieved via intermediate 70.%

Denton et al. undertook mechanistic investigations in order to determine a pathway for the
trifluoroethylation of secondary amines.*® Indeed, they showed that the reaction does not
proceed via a silane—mediated amidation followed by amide reduction, but rather by amine—
catalysed dehydrogenative silyl ester 91 formation, followed by silane-mediated reduction to
afford silyl acetals and hemiacetals 92 (Scheme 11). In the presence of acid, these species can
undergo reductive amination to generate a highly reactive iminium species 94, which is then
reduced by phenylsilane to generate the desired amine 95. Interestingly, the stoichiometry of
TFA is an important consideration to prevent a competitive amidation reaction promoted by

free amine to generate amide 93.
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mine esters before reduction
pathway 93

Scheme 11: Proposed pathway of trifluoroethylation.*®

The biological data of benzimidazoles 87 - 90 is presented below (Table 16).

Rqu
o

CH,F CF>H CF3

Compound 87 88 89 90

BRD4 BD1/BD2 6.5/4.6 7.6/4.7 6.8/4.6 6.3/4.6
p|C50

Selectivity BD1-BD2 1.9 2.9 2.2 1.7

hWwB MCP-1 pIC50 5.7 7.2 6.3 5.8

ChromLogDr.4 2.23 2.52 3.22 421

cpKa[H] - 7.4° 6.2° 5.4%

Table 16: Biological data of benzimidazoles 87— 90. *Calculated values. The potency data
disclosed is the mean of at least 2 test occasions.

Benzimidazoles 87 - 90 have a decreased BD1 plCso relative to amine functionalised
compounds 71 and 72, and comparable BD1 pICso’s to pyran, cyclohexyl and alcohol
benzimidazoles 84 - 86. This agrees with the hypothesis that a basic nitrogen is required for

BD1 potency via an Asp residue interaction. Having stated this, monofluorinated

66



benzimidazole 88 has a comparable BD1 plCs to isopropyl and methyl piperidines 71 and 72.
Additionally, 87 - 90 have comparable BD2 plCsy’s to other benzimidazoles synthesised,

indicating that a basic nitrogen does not impact BD2 potency.

The pKa[H] values of the nitrogen on the piperidine ring were calculated for benzimidazoles
71 and 72, and the fluorinated series. These values were compared to the measured BD1
potencies (Figure 28). There is a notable trend in the increase of BD1 potency, and thus
selectivity, with increase in pKa[H] of the nitrogen on the piperidine ring in the fluorinated
series. The fact that the monofluorinated is tolerated in BD1, but the di- and trifluorinated
species are not, is again indicative of the importance of the basicity of the nitrogen atom in

maintaining BD1 potency.

775 ® 90
o = 89

7.5 = 88

7
125 . 72

7
BRD4 BD1
plCsa
6.75 ®

6.5
6.25

6
525 55 575 6 625 6.5 6.75 7 725 75 7.75 8 825 85 8.75

cpKa

Figure 28: Plot of calculated pKa[H] values for the piperidine ring vs. BRD4 BD1 potency.

3.3.2.1 Computational efforts and X-ray crystallography used towards the

understanding of BD1 selectivity

In the BD2 domain, it is known that the His residue can exist in “open” and “closed” forms.
A co-worker without our laboratories has undertaken computational work to understand if

there is an energy difference between the “open” and “closed” forms, and if this can be taken
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advantage of to impact BD2 potency, and thus increase BD1 selectivity.*” In the “closed”
form, the His residue interacts with the backbone of the gatekeeper residue; in the “open”
form, it is involved in a water-mediated interaction with the conserved Asn residue that
interacts with the KAc and mimetics. It was hypothesised that functionalising the acetyl
piperidine with a bulky motif would result in an unfavourable interaction with the His residue
in BD2, forcing it into an unfavourable conformation, which would decrease BD2 plCso and
result in increased BD1 selectivity. Initially, available X-ray crystal structures were analysed
to determine in what conformation the His was crystallised.*” The majority of X-ray structures
appear to have His in a “closed” orientation, and this was, therefore, assumed to be the
energetically preferred conformation. It was thus hypothesised that by functionalising the
acetyl piperidine, a steric clash with the His residue would force it into the energetically
disfavoured “open” conformation, which would decrease BD2 potency. Metadynamic
calculations were performed in order to understand how the free energy of the system varied
with changing the His conformation.*’ Calculations on the Apo BRD4 BD2 protein were
performed. The free energy profile obtained using as collective variables the chil and chi2
torsional angle of the His is represented in Figure 29, where chil and chi2 denote different
torsion angles of the His side chain (Table 17). It was shown that the system in the open (C)

and closed (A) conformations have similar energies and are, thus, equally observable.
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Figure 29: Free energy plot of conformations of the His residue in the BD2 domain. (A) represents the ‘closed’
conformation; (C) represents the ‘open’ conformation.*’

Energy Chil/ Chi2

kcal/mol  (torsion angle)

A 7371 -162.0/ -72.0
B —72.01 —90.0/54.0
C —72.80 —72.0/ -144.0
D —72.02 —72.0/ 180.0
E —-70.81 180.0/ 18.0

Table 17: Chil and Chi2 represent the torsion angles of the His side chain. Conformations
A-E represent energy minima.*’

From these results, it was thought that the decrease in BD2 plCsy was not due to the
conformational changes of the His residue. To better understand this, benzimidazole 58 was
submitted for X-ray crystallography, co—crystallised in BRD2 BD2 (Figure 30). When this

crystal structure is overlaid with the crystal structure of the non—functionalised acetyl
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benzimidazole 57, it is evident that the amine has displaced a water molecule. This water

molecule is involved in a bridging interaction between the His and Asn residues.

(e} y /
N
Lo
Br N
57
HNN 7\
NN )
(N
o N

Figure 30: An overlay of X-ray crystal structures of benzimidazoles 57 and 58, co-crystallised
in BRD2 BD2. The amine moiety has displaced a water molecule involved in an interaction
between the His and Asn residues.

It is thought that this displacement of a water molecule, and disruption of the His—Asn
interaction may be the cause for the decrease in BD2 plCso. However, it is surmised that an
amine group is not required to displace the water: with reference to Table 15, benzimidazoles
84 - 86 which do not contain a basic nitrogen have comparable BD2 plCsy values to 71 and

72.

These results have led to a modification and solidification of the hypothesis. With reference
to the BD1 domain, it is thought that incorporation of a basic amine substituent in the form of
a carbon chain or ring results in the formation of an ionic interaction between the protonated

amine and the Asp residue. However, there is not an expected increase in BD1 potency, due
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to an energy penalty for incorporation of the bulky carbon chain or ring. This is explained by
comparison of piperidine benzimidazoles 71 and 72 with benzimidazoles 84 - 86. A higher
BD1 plCs is observed in compounds which contain a basic nitrogen. This is further
exemplified by benzimidazoles 87 - 90, which contain a nitrogen atom with reduced basicity;
these compounds have plCso values comparable to compounds which do not contain a basic
nitrogen. With reference to BD2, a water-mediated interaction between a His and Asn residue
is disrupted by displacement of the bridging water molecule. This is observed in the crystal
structure of benzimidazole 58 in BRD2 BD2. When compared to the amine functionalised
benzimidazoles, benzimidazoles 84 - 90 have comparable BD2 plCso values, and so it is

thought an amine is not required for displacement of this water.
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34 Dual functionalisation of the benzimidazole core

It was decided to further functionalise benzimidazoles 58, 69, and 70 by substituting at the R5
position, to investigate if the BD1 selectivity window could be further increased (see Section
3.2). Both the chloro- and methoxy-motifs were chosen as they had previously provided
increased BD1 selectivity relative to a hydrogen atom. The chloro- and methoxy-
functionalised intermediates were synthesised in a similar fashion to benzimidazole 60
(Scheme 12). An SyAr coupling, one pot cyclisation, and Boc deprotection yielded
benzimidazoles 98 and 99 in good yield. The chloro-substituted core 98 was taken forward

crude to the amide coupling step.

F Boch K,COs BOCQ
©: + DMF NH
NO, HN - 100 °C
R® R®=Cl=91% 45 E;[No2

R5 = OMe = 70% 96 RS
37 48

EtOH, H,0, 80 °C
ii) Na;S,0,, 100 °C
[R®=cCI) 46

'R5= OMe = 62% 97

HN BocN
/ __4M HCI /
N Vi N 1,4-Dioxane, MeOH N / N
/ o RT (;[ / o
N [R5 = Cl] 98 N

RS R5 = OMe = 77% 99 R®

Scheme 12: The syntheses of key benzimidazole intermediates 98 and 99 were achieved in

three steps.
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Amide couplings were again utilised to give the final compounds 100 - 103 (Table 18).

R
HN N
HATU DIPEA
CUHC T ek

Entry Compound R5 Acid Conditions % Yield
o
1 100 OMe BooN _~ I, 0.5h 317
o
2 101 Cl BooN._~_A, 1h 20°
0O
3 102 cl \O)LOH 1h 74

0]

4 103 OMe OH 1h 532
BocN

Table 18: Amide couplings yielded final compounds 100-103. #Yield over two steps after

subsequent Boc deprotection.
N N
ol
N _
R5

Compound 101 1024

R5 OMe Cl Cl OMe

BRDABDUBDZ 7w ox 74149  66%50%  7.1%44%

p|(:5o
Selectivity 2.6 25 1.6 27
BD1- BD2
ChromLogDy.4 1.25 1.76 217 1.37

Table 19: Biological data of final compounds 99-102. #Compound submitted as
diastereomeric mixture. The potency data disclosed is the mean of at least 2 test occasions, for
n=1 data, this is stated by *.
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With reference to benzimidazole 58, addition of a chloro- or methoxy-substituent at R5
provides an increase in the BD1 selectivity window (0.4 and 0.3 log units, respectively).
Addition of the chloro-substituent results in a significant drop in BD1 pICso (7.8 to 7.4 log
units for 101). Addition of a chloro-substituent to methyl piperidine benzimidazole 69 to give
compound 102 provided no significant increase in the selectivity window. Finally, addition of
a methoxy-substituent to give piperidine benzimidazole 103 provided a decrease in BD1 and
BD2 plCs (7.1 and 4.4, respectively). In this case, the BD1 plCsy has decreased by 0.4 log
units relative to the piperidine benzimidazole 70, and is at the lower limit of desired BD1
pICso. The BD1 selectivity of 103 is similar to its match-pair 70, and so addition of a methoxy
substituent to the R5 position does not provide any benefit for BD1 selectivity. Substitution at

the RS position increases the ChromLogD- 4 in all cases.

The exemplars show that there is no significant increase in BD1 selectivity upon addition of
an R5 substituent, and none of these compounds have the desired 3.0 log unit selectivity
window. Benzimidazoles 101 — 103 also show that addition of an R5 substituent can decrease
BD1 plCso. Furthermore, substitution with a chloro or methoxy unit does not provide any
significant increase in permeability. As a result, substitution at the R5 position was not

considered further in this programme.
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3.5 Investigating an alternative core structure

An interesting factor of the benzimidazole series is the inherent BD1 selectivity of the
benzimidazole core. Table 2, entry 6 shows that with only a methyl substituent placed at R1,
benzimidazole 28 is 0.9 log units selective for BD1 over BD2, with BRD4 BD1/BD2 plCs
values of 5.7/4.8. Previous work at GSK investigated the synthesis of indole core compounds
as potential BET inhibitors.*® This work includes indole compound 104, which has an acetyl
piperidine as an R1 substituent. Notably, in comparison to benzimidazole 23, indole 104 has

lost BD1 selectivity as BD1 potency has been maintained, while BD2 potency has increased

(Figure 31).
J v o N o v
N N
CLo e CLp~ e > y=o
N — N — —
3 3 3'
28 23 104
*S single enantiomer *racemate
plCso, BD1/BD2 5.7/4.8 8.0/6.2 7.8/71
Selectivity
BD1 - BD2 0.9 1.8 0.7

Figure 31: Comparison of the BD1 selectivity of the benzimidazole and indole cores. The

potency data disclosed is the mean of at least 2 test occasions.

It was hypothesised that the nitrogen H-bond acceptor at the 3-position is critical to the
selectivity of the benzimidazole core. Contrastingly, a CH donor at this position in indole 104
improves BD2 potency. Indole 104 was submitted as the racemate, and so it cannot be ruled
out that the change to BD1 selectivity could be impacted by this. However, it is thought that
the arrangement of the water networks in BD1 and BD2 differ in this region of binding.
Additional studies in our laboratory have been initiated to further understand how the water

network in BD1 and BD2 are affected by this point change to the core.*’
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Due to its increased electronegativity, oxygen is a better H-bond acceptor than nitrogen.
Consequently, it was decided to synthesise a compound with a benzofuran core that had an
available benzimidazole match—pair. This would allow for comparison of the potency and
selectivity. The benzimidazoles synthesised in this project have relatively low ChromLogD7 .4
values (< 2), and it was thought that this may be the reason for the low AMP permeability
values of benzimidazoles 71 and 72. Consequently, switching from a benzimidazole to
benzofuran core may be a strategy to increase the ChromLogDr4, and thus the AMP
permeability values of this series. Additionally, if it were possible to switch from a
benzimidazole to a benzofuran core, whilst maintaining the excellent BD1 selectivities
observed, the series would no longer fall under the remit of the benzimidazole patent released
by Boehringer Ingelheim*, and thus this would be a novel BET pharmacophore. Benzofuran
108, which has a methyl substituent at R1, was chosen as the initial target. This would result
in a simple three step synthesis, and a suitable match—pair was available through

benzimidazole 28.

The first step in the synthesis of benzofuran 108 was a Grignard addition of ethylmagnesium
bromide into aldehyde 36, generating alcohol 105 in good yield (Scheme 13). Oxidation of
alcohol 105 with manganese dioxide yielded ketone 106 in good yield. Finally, following the
work of Tomkinson et al., an acid-promoted Fischer indole-type coupling of
phenylhydroxylamine 107 and ketone 106, which undergoes [3,3]-sigmatropic rearrangement

as a key step,* yielded benzofuran 108 in moderate yield, following purification by MDAP.
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Scheme 13: Synthesis of benzofuran 108.

Through comparison of the cores, benzimidazole 28 and benzofuran 108 can be seen to have
the same BD1 selectivity window of 0.9 log units (Table 20). However, benzofuran 108 is 0.5
log units more potent at BD1 and BD2. Additionally, as predicted, benzofuran 108 has a higher
ChromLogD~ 4 than benzimidazole 28. This parameter could be crucial in the development of
a lead compound, as the currently profiled benzimidazole compounds have a relatively low
ChromLogD7+ and subsequent low AMP permeability. However, this increased
ChromLogDz4 is reflected in the Lipophilic Ligand Efficiency (LLE) values.® LLE is a
parameter which links lipophilicity to potency and can be used to compare compounds with
different ChromLogD;4 and plCsy values. A lower relative LLE value indicates that
lipophilicity is driving a given increased plCso value. In this case, benzofuran 108 has a higher
BD1 and BD2 potency compared to benzimidazole 28, but it also has a higher ChromLogD7.4
value. Benzofuran 108 has a lower LLE parameter than benzimidazole 28 and so indicates that

the increased potency is driven by an increased lipophilicity.
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Core benzimidazole benzofuran

N/ N N
@[/ 7\ o N/ N
Compound N = o] =
28 108
BRD4 BD1/BD2 5.7/4.8 6.2%/5.3*
Selectivity
BDL_BD? 0.9 0.9
ChromLogDy74 2.30 5.40
LLE 3.64 2.93

Table 20: A comparison of the data of benzimidazole 28 and benzofuran 108. The potency

data disclosed is the mean of at least 2 test occasions, for n=1 data, this is stated by *.

It may be possible to further develop a lead compound by substituting the core from a
benzimidazole to benzofuran, to increase the ChromLogD7.4 and AMP permeability. This data
highlights that having a heteroatom placed at this position is beneficial for BD1 selectivity,
and the synthesis of a new benzofuran core could be of importance when tuning the

physicochemical properties of future lead compounds.

To further investigate the utility of a benzofuran core, targets which combine the benzofuran
core with the most BD1 selective R1 substituents have been designed (Figure 32). It is believed
that the BD1 potency and selectivity can be maintained, whilst increasing the ChromLogD7 4.
Predicted ChromLogDyr.4 values have been calculated (cChromLogD~.4). Benzofuran 109 and
110 have significantly increased ChromLogD4 values relative to the comparative

benzimidazoles (Figure 32).
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chromlogD 1.69 chromlogD 1.46

Figure 32: Benzofuran targets 109 and 110 have increased calculated ChromLogDy.4 values
compared to benzimidazoles 71 and 72.
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4.0 Conclusions

Considerable progress has been made in the development of a BET BDL1 selective chemical
probe. Initial data mining of a historic benzimidazole series provided insight into substituent
vectors and motifs which were shown to provide BD1 selectivity; namely the R1 and R5
vectors. A chloro- and methoxy-substituent at the R5 position provided an increase in BD1
selectivity relative to hydrogen. Initial investigations into derivatising at the R5 vector
provided no substituent which yielded a greater selectivity window than a chloro or methoxy

motif.

R? 1
s R /
R N N
/ / o
R? N —
R5
22

Figure 33: Generic benzimidazole structure 22.

A crystal structure of piperidine benzimidazole 57 co—crystallised in BRD2 BD2 showed that
the piperidine R1 group is directed towards a key point change in the BD1 and BD2 domains,
which is close to the active site. It was thought that the change from an Asp residue in BD1 to
a His residue in BD2, could be utilised to provide BD1 selectivity. It was hypothesised that
functionalising the acetyl piperidine ring with basic functionality would extend out towards
this point change. This would result in a favourable interaction with the Asp residue in BD1,
and an unfavourable interaction with the His residue of BD2. Four iterations of benzimidazole
targets were synthesised, with benzimidazoles 71 and 72 showing high BD1 selectivity, of 3.0
and 2.9 log units respectively. Both compounds have an encouraging ‘lead’ profile, with
excellent biochemical potency, good cell-based activity, and desirable BD1 selectivity (Table

21).
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0 0]
N N N N
Ll CrCe
N = N —
Compound 71 72
BRD4 BD1/BD2 plCsp 7.8/4.8 7.7/4.8
Selectivity BD1-BD2 3.0 2.9
hWB MCP-1 pICso 7.1 6.8
ChromLogD7.4 1.69 1.46
in vitro microsomes
mL/min/g liver
Human < 040* < 040*
Rat <0.46* <0.46*
in vitro hepatocytes
mL/min/g liver
Human < 045* < 045*
Rat <0.80* <0.80*
AMP nm s <3 <3

Table 21: Benzimidazoles 71 and 72 have an encouraging biological profile. The data
disclosed is the mean of at least 2 test occasions, for n=1 data, this is stated by *.

Isopropyl piperidine benzimidazole 71 was also tested in a Bromoscan full curve assay panel,
to test against other BET and non-BET bromodomains. It showed high selectivity in all cases,
the highest non-BET plCso 0f 5.0 for EP300 being well within the desired 100-fold selectivity

window.

A hypothesis regarding the source of BRD4 BD1 selectivity was constructed. Analogues
which did not contain a basic nitrogen on the R1 substituent were synthesised, and showed
lower BD1 plCs values than those with a basic nitrogen, indicating the formation of a
favourable interaction with the Asp residue of BD1. A crystal structure to confirm this is

anticipated. A crystal structure of benzimidazole 58, the initial amine functionalised
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compound that was synthesised, co—crystallised in BRD2 BD2, showed that the basic nitrogen
displaces a water molecule involved in a bridging interaction between His and Asn residues.
It is thought that this explains the decrease in BD2 potency. Additionally, it is observed that
compounds which do not contain a basic nitrogen have similar BD2 pICs values to those that

do, indicating that a basic nitrogen is not required for water displacement.

A small series of bifunctionalised compounds, which have substituents at the R1 and R5
positions, were synthesised. Analysis of the data showed that further functionalisation with an
R5 substituent provided slight increase in BD1 selectivity. Given that the desired selectivity
profile has been achieved with benzimidazoles 71 and 72, this series was not progressed further

in this programme.

Investigations into a benzofuran core as an alternative to the benzimidazole structure were
initiated. A match-pair analysis was conducted by synthesising the first benzofuran based BET
inhibitor, which showed comparable BD1 selectivity to its benzimidazole counter-part.
However, the benzofuran core exhibits a higher ChromLogDz4 value, which could be
important in tuning the physicochemical properties of the series, whilst also moving the project

out with the reaches of a benzimidazole patent published by Boehringer Ingelheim.*

This project has been successful in delivering a BET BD1 chemical probe with a superior BD1
selectivity compared to current literature probes. Further profiling of the lead compounds by
in vivo PK studies will be required to fully established the utility of these molecules as BET

BD1 chemical probes.

5.0 Future Work
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The functionalisation of the R1 position with basic substituents has been validated as a method
of increasing BET BD1 potency. Benzimidazole 71 is the furthest progressed compound,
having been submitted to in vitro clearance and Bromoscan assays. As there is an apparent
disconnect between compound permeability, cellular potency, and in vitro clearance, this
compound has been submitted for in vivo PK analysis. This study will generate data to
understand blood and renal clearance of the compound, compound half-life, mean residence
time of the drug in the systemic circulation, and bioavailability. The data gained from this
study will build confidence in the ability of 71 to be utilised for in vivo efficacy models, and

determine if it can be dosed orally.

It is anticipated that a crystal structure of benzimidazole 58 co-crystallised in BRD4 BD1 will
be solved. It is hoped that this will provide evidence of an ionic interaction between the amine
substituent and the Asp residue of BD1. This will support the hypothesis that an amine
substituent can provide BD1 potency, while lowering BD2 potency by displacing a water

molecule.

Future work could also include the exploration of more R5 substituents. Given the rapid
progress of benzimidazoles 71 and 72, work to find a R5 substituent with superior BD1
selectivity to methoxy or chloro group was not advanced further within this programme.
Production of more analogues of this type may allow SAR for this vector to be generated,

which could be used to explain the increased BD1 selectivity observed for these substituents.

Work was initiated into the exploration of alternative cores to the benzimidazole motif. This
involved investigating a previous indole-based series synthesised elsewhere in the
laboratory,* which showed lower BD1 selectivity than its benzimidazole match-pair. This is
an intriguing discovery, as it highlights the potential need for a heteroatom at this position in
order to maintain BD1 selectivity. An aim of this project was to investigate the source of BD1

selectivity in the benzimidazole series. Accordingly, further modelling and computational
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work with both the indole and benzimidazole core in the BET BD1 and BD2 active sites could

provide useful information in this regard.

Additionally, with reference to Bunnage et al.,** it is useful to produce an inactive control
compound which can be used in conjunction with a chemical probe. An inactive control
compound for the BD1 selective benzimidazole series does not currently exist, but could be
designed by incorporating a ‘warhead’ moiety that is not potent at the BD1 or BD2
bromodomains (Figure 34). With reference to benzimidazole 111, addition of a methoxy-
substituent to the ‘warhead’ results in a drop in both BD1 and BD2 potency for benzimidazole
112. It is thought that addition of this methoxy-substituent to the ‘warhead’ of ‘lead’

benzimidazole 71 could be a strategy for designing an inactive control compound.
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BRD4 BD1/BD2 pICs, 7.8/4.8 BRD4 BD1/BD2 pICs, ??

Figure 34: Use of a methoxy-containing ‘warhead’ motif may provide access to an inactive
control compound for BET BD1 chemical probe 71.
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6.0 Experimental

Solvents used were anhydrous and reagents purchased from commercial suppliers were used

as received unless otherwise indicated.

Reactions were monitored by thin layer chromatography (TLC) or liquid chromatography—
mass spectroscopy (LCMS). Product spots were visualized under UV light (Amax = 254 nm)

and/or by staining with potassium permanganate.

Nuclear Magnetic Resonance (NMR) spectroscopy. Proton (*H), carbon (**C) and fluorine
(**F) (when appropriate) spectra were recorded in deuterated solvents at ambient temperature
using standard pulse methods on a Bruker AV—400 or Bruker AV-500 (*H = 400 MHz, *C =
101 MHz or 176 MHz, °F = 376 MHz). Chemical shifts are reported in ppm to the nearest
0.01 ppm, and are referenced to residual solvent peaks. Coupling constants are quoted to the
nearest 0.1 Hz and multiplicities are described as singlet (s), doublet (d), triplet (t), quartet (q),

quintet (quin), sextet (sxt), septet (sept), br. (broad), and multiplet (m).

IR spectra were obtained on a Perkin Elmer Spectrum 1 machine. Absorption maxima (Vmax)
are reported in reciprocal centimeters (cm™) and are described as strong (s), medium (m), weak

(w), and broad (br).

Liquid Chromatography Mass Spectroscopy (LCMS) was conducted on an Acquit UPLC CSH
C18 column (50 mm x 2.1 mm i.e. 1.7 um packing diameter) at 40 °C eluting with either:

Method A (HpH) — 10 mM ammonium bicarbonate in water adjusted to pH 10 with ammonia
solution (solvent A) and acetonitrile (solvent B). The gradient (A:B) employed was from 99:1

to 0:100 over 2 min.
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Method B (For) — 0.1% v/v solution of formic acid in water (solvent A) and 0.1% v/v solution
of formic acid in acetonitrile (solvent B). The gradient (A:B) employed was from 97:3 to 3:97

over 2 min.

The UV detection is a summed signal from wavelength of 210 nm to 350 nm. The mass spectra
were recorded on a Waters ZQ spectrometer using electrospray positive and negative mode.
The scan range was 100 to 1000 AMU, the scan time was 0.27 sec, and the inter—scan delay

was 0.10 sec.

Preparative mass directed HPLC (MDAP) was conducted on an Xselect CSH C18 column
(150 mm x 30 mm i.d. 5 um packing diameter) at ambient temperature. The solvents employed
were 10 mM ammonium bicarbonate adjusted to pH 10 with ammonia in water (solvent A)
and acetonitrile (solvent B). The UV detection is a summed signal from wavelength of 210 nm
to 350 nm. Mass spectra were recorded on Waters ZQ mass spectrometer using alternate—scan
positive and negative electrospray ionization. The software used was MassLynx 3.5 with

FractionLynx.

Purification by Combiflash® EZ prep HPLC machine was conducted on an Xselect CSH C18
column (100 mm x 30 mm i.d. 5 pm packing diameter) at ambient temperature. The solvents
employed were 10 mM ammonium bicarbonate adjusted to pH 10 with ammonia in water
(solvent A) and acetonitrile (solvent B). The CombiFlash® Rf uses RFID (Radio Frequency
Identification) technology to automate the setting of the parameters for purification runs and
fraction collection. The system is equipped with a UV variable dual-wavelength and a Foxy®

fraction collector enabling automated peak cutting, collection, and tracking.

Column chromatography was conducted on a Combiflash® Rf, automated flash
chromatography system, from Teledyne Isco using disposable, normal, or reverse phase, SPE

Redisep or Grace cartridges (4 g to 330 g). The CombiFlash® Rf uses RFID (Radio Frequency
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Identification) technology to automate the setting of the parameters for purification runs and
fraction collection. The system is equipped with a UV variable dual-wavelength and a Foxy®

fraction collector enabling automated peak cutting, collection, and tracking.

Chiral purification chromatography was conducted on a Chiralpak IBN-5 (250 x 30 mm, 5

micron) column at 42.5 mL/min. The system uses UV Diode Array at 280 nm.

ESI (+) high resolution mass spectra (HRMS) were obtained on a Micromass Q-Tof 2Hybrid
quadrupole time—of-flight mass spectrometer, equipped with a Z—spray interface, over a mass
range of 100 — 1100 Da, with a scan time of 0.9 s and an interscan delay of 0.1 s. Reserpine
was used as the external mass calibrant ([M+H]" = 609.2812 Da). The Q-Tof 2 mass
spectrometer was operated in W reflectron mode to give a resolution (FWHM) of 16000—
20000. lonisation was achieved with a spray voltage of 3.2 kV, a cone voltage of 50 V, with
cone and desolvation gas flows of 10-20 and 600 L/h, respectively. The source block and
desolvation temperatures were maintained at 120 °C and 250 °C, respectively. The elemental
composition was calculated using MassLynx v4.1 for the [M+H]". 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
Phenomenex Luna C18 (2) reversed phase column (100 x 2.1 mm, 3 pm particle
size). Gradient elution was carried out with the mobile phases as (A) water containing 0.1%
(v/v) formic acid and (B) acetonitrile containing 0.1% (v/v) formic acid. The conditions for
the gradient elution were initially 5% B, increasing linearly to 100% B over 6 minutes,
remaining at 100% B for 2.5 min then decreasing linearly to 5% B over 1 min, followed by an

equilibration period of 2.5 min prior to the next injection. The flow rate was 0.5 mL/min,
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temperature controlled at 35 °C with an injection volume of between 2 to 5 pL. All samples

were diluted with DMSO (99.9%) prior to LCMS analysis.

Isolute® phase separator cartridges are fitted with a hydrophobic Teflon frit. These were used

to separate organic solvent from aqueous phase under gravity.
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Spotfire Visualisation Method

All data analysis of historic benzimidazole compounds was carried out using Microsoft Excel
and TIBCO Spotfire software. The data set of 1544 benzimidazole compounds was first
analysed in Microsoft Excel using the Helium platform. All available biological data was
sought out using the Helium function “get biological data”. Selectivity for each compound was
then calculated by performing BD1 plCso — BD2 pICsp as an excel function. Next, R group

analysis was carried out on the benzimidazole core as follows:

R2 R1
i , /
N Vi N
/ o
R4 N =
RS -
R6
22

This data set was opened in Spotfire software to analyse each individual R group relative to

selectivity.

Table 2 plot: To analyse the R1 vector, a bar chart of “RX” versus “Row count” (i.e. number
of compounds) was produced. A filter was applied to include compounds which had the
pyridone “warhead” as the R6 substituent only using the “Filter to” function. A filter was then
applied individually to each R2 — R5 vector, in order to show compounds that have this
substituent as a hydrogen atom only by use of the “Filter To” function. With these filters
applied, a scatter plot of “R1” vs “BD1 — BD2” (BD1 selectivity) was generated. Each R1
substituent present was analysed to look at its BD1 selectivity, and from this, Table 2 was

generated.

Figure 19 plot: To analyse the RS vector, a bar chart of “RX” versus “Row count” (i.e. number
of compounds) was produced. A filter was applied to include compounds which had the
pyridone “warhead” as the R6 substituent only using the “Filter to” function. A filter was then
applied individually to each R2 — R4 vector, in order to show compounds that have this

substituent as a hydrogen atom only by use of the “Filter To” function. Additionally, a filter
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was applied to the R1 vector to remove compounds which have this substituent as a hydrogen
atom by use of the “Filter Out” function. With these filters applied, a scatter plot of “R5” vs
“BD1 — BD2” (BDI1 selectivity) was generated. All R5 substituents were analysed, and the
chloro- and methoxy-substituents were observed as having exemplars with BD1 selectivity (>
1.1). The data set was then filtered to compounds with either a hydrogen atom, chlorine atom,
or methoxy— substituent at R5. A scatter plot of “R1” versus “BD1 — BD2” (BD1 selectivity)
was then generated to identify which R1 substituted compounds had three data points and
could be included in the match—pair analysis. The three R5 substituents were differentiated by
applying a colour filter: blue for a hydrogen atom, pink for a chlorine atom, and green for the
methoxy-substituent. Compounds which only had one data point were filtered out using the

“Filter Out” function. From this, Figure 19 was generated.

Figure 20 plot: To analyse the R4 vector, a bar chart of “RX” versus “Row count” (i.e. number
of compounds) was produced. A filter was applied to include compounds which had the
pyridone “warhead” as the R6 substituent only using the “Filter to” function. A filter was then
applied individually to each R2, R3, and R5 vector, in order to show compounds that have this
substituent as a hydrogen atom only by use of the “Filter To” function. Additionally, a filter
was applied to the R1 vector to remove compounds which have this substituent as a hydrogen
atom by use of the “Filter Out” function. With these filters applied, a scatter plot of “R4” vs
“BD1 - BD2” (BD1 selectivity) was generated. All R4 substituents were analysed, and the 4-
N-methylpiperazine was chosen as a representative of a small series of 6-membered
heterocycles which had exemplars with BD1 selectivity (> 0.8). The data set was then filtered
to compounds with either a hydrogen atom or 4-N-methylpiperazine motif at the R4 vector. A
scatter plot of “R1” versus “BD1 — BD2” (BD1 selectivity) was then generated to identify
which R1 substituted compounds had two data points and could be included in the match—pair
analysis. The two R4 substituents were differentiated by applying a colour filter: blue for a

hydrogen atom and yellow for a 4-N-methylpiperazine motif. Compounds which only had one
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data point were filtered out using the “Filter Out” function. From this, Figure 20 was

generated.

(S)-1-(3—(((3-Bromo-2—nitrophenyl)amino)methyl)piperidin—1-yl)ethan—1-one 40

{4
\[O( NH Chemical Formula: C;4HgBrN;O3
Molecular Weight: 356.22 amu
NO,

Br

1-Bromo-3-fluoro—2-nitrobenzene 39 (108 mg, 0493 mmol), (S)-1-(3-
(aminomethyl)piperidin—1-yl)ethan—-1—-one 38 (77.0 mg, 0.493 mmol), potassium carbonate
(102 mg, 0.739 mmol) and EtOH (2 mL) were added to a round bottom flask. The reaction
mixture was stirred at 80 °C under a nitrogen atmosphere for 20 h. After cooling to RT, the
reaction mixture was diluted and partitioned between EtOAc (40 mL) and brine (40 mL), and
the phases were separated. The aqueous phase was further extracted with EtOAc (40 mL). The
combined organic phases were washed with brine (40 mL), dried by passing through a
hydrophobic frit, and the solvent concentrated in vacuo. The crude material was purified by
normal phase chromatography, eluting with 0 — 100% EtOAc in cyclohexane over 45 CV.
Fractions containing the desired product were concentrated in vacuo to yield (S)-1-3—(((3—
bromo—2-nitrophenyl)amino)methyl)piperidin—1—yl)ethan—1-one 40 (72 mg, 0.182 mmol,
37% yield) as an orange gum. LCMS (HpH): rt = 1.10 min, [M+H]+ 356/358 'H NMR
(400 MHz, CDCls): rotamer 1 7.07 - 7.19 (1H, m), 6.95 - 7.01 (1H, m), 6.73 (1H, d, J = 8.3
Hz), 5.59 - 5.73 (1H, m, CH), 4.15 — 4.23 (1H, m), 3.70 - 3.78 (1H, m), 3.09 — 3.26 (2H, m),
2.86 - 3.07 (2H, m), 2.04 (3H, s), 1.86 (2H, m), 1.66 — 1.79 (1H, m), 1.43 - 1.56 (1H, m), 1.27
-1.36 (1H, m). rotamer 2 7.07 - 7.19 (1H, m), 6.89 - 6.95 (1H, m), 6.73 (1H, d, J = 8.3 Hz),
5.76 - 5.89 (1H, m), 4.25 — 4.33 (1H, m), 3.61 — 3.70 (1H, m), 3.09 — 3.26 (2H, m), 2.86 —

3.07 (1H, m), 2.66 —2.75 (1H, m), 2.09 (3H, s), 1.80 - 2.00 (2H, m), 1.66 — 1.79 (1H, m), 1.43
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—1.56 (1H, m), 1.27 — 1.36 (1H, m). 3C NMR §(101 MHz, CDCl;) ppm: additional peaks
due to rotamers present 169.1, 168.9, 143.4, 143.1, 133.0, 132.9, 122.1, 121.7, 116.3, 116.2,
112.3, 50.1, 47.1, 46.1, 45.1, 42.1, 36.3, 34.9, 28.6, 28.3, 26.9, 24.8, 23.8, 21.4, 21.3, 14.1.
HRMS (ESI) exact mass calculated for C14H19BrN3Os [M+H]+ m/z 356.0611, found m/z

356.0604.

(S)-5—(1—((1-Acetylpiperidin—-3—-yl)methyl)-4—bromo-1H-benzo[d]imidazol-2-yl)-1,3—

dimethylpyridin-2(1H)—-one 31

)
o}
N N/ Chemical Formula: C,,H,sBrN4O,
) 74 o Molecular Weight: 456.36 amu
N —
Br

Zinc (47 mg, 0.724 mmol) and 1,5-dimethyl-6—0xo0-1,6—dihydropyridine—3—carbaldehyde 36
(24 mg, 0.157 mmol) were added to a stirring solution of (S)-1-(3—(((3—bromo-2—
nitrophenyl)amino)methyl)piperidin—1-yl)ethan—1-one 40 (43 mg, 0.121 mmol) in EtOH (0.2
mL) and acetic acid (0.2 mL). Water (0.2 mL) was then added. The reaction mixture was
stirred at 100 °C under a nitrogen atmosphere for 16 h. After cooling to RT, the reaction
mixture was concentrated in vacuo. The residue was dissolved in 1:1 MeOH:DMSO (1 mL)
and purified by MDAP using a solvent system of 10 mM ammonium bicarbonate adjusted to
pH 10 with ammonia in water (solvent A) and acetonitrile (solvent B). Fractions containing
the desired product were concentrated in vacuo to yield (S)-5-(1—((1-acetylpiperidin—3—
yl)methyl)-4—bromo—1H-benzo[d]imidazol-2—-yl)-1,3—dimethylpyridin—2(1H)-one 31 (7
mg, 15 pmol, 12% yield). LCMS (HpH): rt = 0.85 min, [M+H]+ 457/459. 'H NMR 5(400
MHz, CDCls): rotamer 1 7.75 — 7.86 (1H, m), 7.40 — 7.56 (2H, m), 7.29 — 7.35 (1H, m), 7.13
—7.22 (1H, m), 4.01 — 4.41 (3H, m), 3.57 — 3.69 (4H, m), 2.98 — 3.09 (1H, m), 2.50 — 2.58

(1H, m), 2.25 (3H, s), 2.00 — 2.12 (4H, m), 1.46 — 1.70 (2H, m), 1.24 — 1.40 (1H, m), 0.99 —
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1.21 (1H, m). rotamer 2 7.75 — 7.86 (1H, m), 7.40 — 7.56 (2H, m), 7.29 — 7.35 (1H, m), 7.13
—7.22 (1H, m), 4.01 —4.41 (3H, m), 3.57 — 3.69 (4H, m), 3.31 — 3.39 (1H, m), 2.65 — 2.75
(1H, m), 2.25 (3H, s), 2.00 — 2.12 (1H, m), 1.78 (3H, s), 1.46 — 1.70 (2H, m), 1.24 — 1.40 (1H,
m), 0.99 — 1.21 (1H, m). *C NMR (101 MHz, CDCL): 169.1 (C), 162.7 (C), 151.0 (C),
141.6 (C), 138.4 (CH), 136.0 (C), 135.8 (CH), 129.9 (C), 125.8 (CH), 123.9 (CH), 113.4 (C),
109.4 (CH), 108.6 (C), 47.8 (CH>), 46.8 (CH,), 44.9 (CHy), 38.2 (CHs), 36.0 (CH), 28.2 (CH,),
24.7 (CHy), 21.3 (CHa), 17.4 (CH3). HRMS (ESI) exact mass calculated for Cz2H26BrN4O2

[M+H]+ m/z 457.1240, found m/z 457.1237.

tert-Butyl (S)-3—(((3-methyl-2—nitrophenyl)amino)methyl)piperidine-1-carboxylate 49

Boc@
NH Chemical Formula: CgH,;N;0,
Molecular Weight: 349.42 amu
NO,

1-Fluoro—3-methyl-2-nitrobenzene 47 (250 mg, 1.61 mmol) and potassium carbonate (334
mg, 2.42 mmol) were added to a stirring solution of tert-butyl (S)-3—
(aminomethyl)piperidine—1—carboxylate 48 (345 mg, 1.61 mmol) in DMF (7 mL). The
reaction mixture was stirred at 100 °C under a nitrogen atmosphere for 4 h. LCMS analysis
showed incomplete conversion to the desired product. Additional tert-butyl (S)-3-
(aminomethyl)piperidine—1-carboxylate 48 (50 mg, 0.23 mmol) was therefore added. The
reaction mixture was then stirred at 100 °C under a nitrogen atmosphere for 1.5 h. After
cooling to RT, the reaction mixture was concentrated in vacuo. The residue was diluted in and
partitioned between EtOAc (20 mL) and water (20 mL), and the phases were separated. The
aqueous phase was further extracted with EtOAc (20 mL). The combined organic phases were
washed with a 5% (by wt) aqueous solution of lithium chloride (30 mL), dried by passing

through a hydrophobic frit, and concentrated in vacuo. The crude material was then purified
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by normal phase chromatography, eluting with 0 — 20% EtOAc in cyclohexane over 16 CV.
Fractions containing the desired product were concentrated in vacuo and then dried on the high
vacuum to yield tert-butyl (S)-3—(((3—methyl-2-nitrophenyl)amino)methyl)piperidine—1—
carboxylate 49 (503 mg, 1.37 mmol, 85% yield) as an orange gum. LCMS (HpH): rt = 1.43
min, [M+H]+ 350. H NMR (400 MHz, CDCls): 7.18 - 7.26 (1H, m), 6.65 (1H, d, J = 8.3
Hz), 6.59 (1H, br. s), 6.54 (1H, d, J = 7.3 Hz), 3.96 (1H, br. s), 3.84 (1H, dt, J = 13.2, 4.2 Hz),
3.12 - 3.23 (1H, m), 3.02 - 3.12 (1H, m), 2.87 - 3.00 (1H, m), 2.75 (1H, br. s), 2.47 (3H, s),
1.80 - 1.96 (2H, m), 1.64 — 1.73 (1H, m), 1.47 — 1.56 (1H, m), 1.45 (9H, s), 1.19 — 1.36 (1H,
m). *C NMR §(101 MHz, CDCls): one *CH; peak obscured. 154.8 (C), 143.8 (C), 136.0 (C),
135.7 (C), 133.2 (CH), 119.3 (CH), 111.1 (CH), 79.6 (C), 46.3 (CH>), 35.5 (CH), 28.7 (CH>),
28.4 (CHs), 26.9 (CHy), 24.3 (CHy), 21.3 (CH3s) HRMS (ESI). exact mass calculated for
CisH27N30OsNa [M+Na]+ m/z 372.2002, found m/z 372.1895. vmax(solid): 3414, 2932, 1686,

1602, 1501, 1148 cm™.

tert-Butyl (S)-3—((2—(1,5-dimethyl-6—-0x0-1,6—-dihydropyridin—-3-yl)-4—methyl-1H-

benzo[d]imidazol-1-yl)methyl)piperidine-1-carboxylate 50

Boch
N N/ Chemical Formula: CyH34N4O5
E’:[ />—</;%:O Molecular Weight: 450.57 amu
N —

tert—Butyl  (S)-3—(((3—methyl-2—-nitrophenyl)amino)methyl)piperidine—1—-carboxylate 49
(485 mg, 1.39 mmol), 1,5-dimethyl-6-oxo0-1,6-dihydropyridine—3—-carbaldehyde 36 (252
mg, 1.67 mmol), EtOH (8 mL), and water (4 mL) were added to a round bottom flask. The
reaction mixture was heated to 80 °C, after which sodium dithionite (725 mg, 4.16 mmol) was
added. The reaction mixture was stirred at 100 °C under a nitrogen atmosphere for 3 h. After

cooling to RT, the reaction mixture was diluted in and partitioned between EtOAc (20 mL)
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and water (20 mL), and the phases were separated. The aqueous phase was further extracted
with EtOAc (20 mL). The combined organic phases were washed with brine (20 mL), dried
by passing through a hydrophobic frit, and concentrated in vacuo to yield tert-butyl (S)-3-
((2—(1,5-dimethyl-6—oxo0-1,6—dihydropyridin—3-yl)-4-methyl-1H-benzo[d]imidazol-1—

yDmethyl)piperidine-1—-carboxylate 50 (393 mg, 0.785 mmol, 57% yield) as a pink solid.
LCMS (HpH): 1.15 min, [M+H]+ 451 'H NMR (400 MHz, CDCl3): 7.72 (1H, d, J = 2.0
Hz), 7.41 - 7.49 (1H, m), 7.18 - 7.25 (2H, m), 7.06 — 7.15 (1H, m), 4.03 - 4.11 (2H, m), 3.78
- 3.89 (1H, m), 3.65 — 3.67 (3H, m), 2.71 - 2.81 (1H, m), 2.66 — 2.70 (3H, m), 2.44 — 2.55
(1H, m), 2.25 (3H, s), 1.98 - 2.09 (1H, m), 1.67 - 1.78 (1H, m), 1.51 - 1.62 (2H, m), 1.28 -
1.44 (10H, m), 0.98 - 1.11 (1H, m) C NMR §(101 MHz, CDCls): *CH, peaks obscured.
162.7 (C), 154.6 (C), 149.5 (C), 142.1 (C), 137.7 (CH), 136.2 (CH), 135.3 (C), 130.0 (C),
129.8 (C), 123.0 (CH), 122.9 (CH), 109.5 (C), 107.6 (CH), 79.7 (C), 47.7 (CHs), 38.1 (CHs),
36.4 (CH), 28.5 (CHy), 28.3 (CHs3), 24.2 (CHy), 17.4 (CHs), 16.7 (CHs). HRMS (ESI) exact
mass calculated for CzsH3sN4Os [M+H]+ m/z 451.2710, found m/z 451.2708. vmax(solid):

2973, 2932, 1682, 1270, 1151 cm™.

(R)-1,3-Dimethyl-5—(4—methyl-1—(piperidin-3-ylmethyl)-1H-benzo[d]imidazol-2-

yl)pyridin-2(1H)—-one 51

HNQ
N N/ Chemical Formula: C,,H,N,4O
74 Molecular Weight: 350.46 amu
/ (6]
N —

tert—butyl (S)-3-((2—(1,5-dimethyl-6—oxo-1,6—dihydropyridin—3—-yl)-4-methyl-1H-
benzo[d]imidazol-1-yl)methyl)piperidine-1-carboxylate 50 (379 mg, 0.841 mmol) was
dissolved in a solution of hydrochloric acid in 1,4-dioxane (4 M, 4 mL, 16 mmol). The reaction

mixture was stirred at RT under air for 1 h. The reaction mixture was diluted with methanol

95



(20 mL) and then added to a SCX 20 g column (pre—wet with methanol) and allowed to settle
by gravity. The column was then washed with methanol (40 mL) under vacuum . Into a
separate flask, the column was washed with a solution of ammonia in MeOH (2 M, 80 mL).
The filtrate was concentrated in vacuo to yield (R)-1,3-dimethyl-5—(4-methyl-1—(piperidin—
3-ylmethyl)-1H-benzo[d]imidazol-2-yl)pyridin—2(1H)—one 51 (273 mg, 0.740 mmol, 88%
yield) as a pink gum. LCMS (HpH): rt = 0.80 min, [M+H]+ 351 'H NMR 8(400 MHz,
CDCls): 7.73 (1H, s), 7.40 - 7.51 (1H, m), 7.14 - 7.21 (2H, m), 7.03 - 7.09 (1H, m), 3.98 —
4.13 (2H, m), 3.61 (3H, s), 2.86 — 2.92 (1H, m), 2.71 - 2.77 (1H, m), 2.65 (3H, s), 2.52 (1H,
td, J = 11.4, 2.2 Hz), 2.27 (2H, dd, J = 11.7, 9.3 Hz), 2.20 - 2.23 (3H, m), 1.98 - 2.09 (1H,

m), 1.53 - 1.63 (2H, m), 1.28 — 1.40 (1H, m), 1.01 - 1.12 (1H, m).

(S)-5—(1—-((1-Acetylpiperidin—-3—yl)methyl)-4—-methyl-1H-benzo[d]imidazol-2—-yl)-1,3-

dimethylpyridin-2(1H)-one 32

¥
O
N N/ Chemical Formula: C,;H,gN,0,
@: />—</:€:O Molecular Weight: 392.49 amu
N —

Acetyl chloride (6 pL, 0.86 mmol) was added to a stirring solution of triethylamine (0.434
mL, 3.12 mmol) and (R)-1,3-dimethyl-5—(4-methyl-1—(piperidin—3-ylmethyl)-1H-
benzo[d]imidazol-2—yl)pyridin—2(1H)—one 51 (273 mg, 0.779 mmol) in DCM (6 mL) at RT.
The reaction mixture was stirred at RT under a nitrogen atmosphere for 15 minutes. LCMS
analysis showed incomplete conversion to desired product. An additional 4 drops of acetyl
chloride were added. The reaction mixture was stirred at RT under a nitrogen atmosphere for
15 minutes. The reaction mixture was diluted with and partitioned between DCM (10 mL) and
water (20 mL), and the phases were separated. The aqueous phase was further extracted with

DCM (20 mL). The combined organic phases were dried by passing through a hydrophobic
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frit and concentrated in vacuo. The crude material was then purified by normal phase
chromatography, eluting with 0 — 6% MeOH in DCM over 25 CV. Fractions containing the
desired product were concentrated in vacuo and then dried under high vacuum for 30 minutes
to yield (S)-5—(1—((1—acetylpiperidin—3—yl)methyl)—4-methyl-1H-benzo[d]imidazol-2—yl)—
1,3—dimethylpyridin—2(1H)-one 32 (211 mg, 0.511 mmol, 66% yield) as a yellow gum.
LCMS (HpH): rt = 0.81 min, [M+H]+ 393 ‘H NMR (400 MHz, CDCls): rotamer 17.72
(1H, d, J = 2.4 Hz), 7.38 - 7.50 (1H, m), 7.18 (2H, s), 7.03 - 7.11 (1H, m), 3.98 - 4.38 (3H,
m), 3.55 — 3.67 (4H, m), 2.96 — 3.06 (1H, m), 2.66 (3H, s), 2.45 - 2.53 (1H, m), 2.23 (3H, s),
1.99 — 2.11 (4H, m), 1.49 - 1.70 (2H, m), 1.23 - 1.38 (1H, m), 0.99 — 1.17 (1H, m). rotamer
27.72 (1H, d, J = 2.4 Hz), 7.38 - 7.50 (1H, m), 7.18 (2H, s), 7.03 - 7.11 (1H, m), 3.98 -
4.38 (3H, m), 3.64 (3H, s), 3.28 -3.36 (1H, m), 2.96 — 3.06 (1H, m), 2.66 (3H, ), 2.45 — 2.53
(1H, m), 2.23 (3H, 5), 1.99 — 2.11 (4H, m), 1.49 — 1.70 (2H, m), 1.23 - 1.38 (1H, m), 0.99 —
1.17 (1H, m). 3C NMR $(101 MHz, CDCls): additional peaks due to rotamers present 169.0,
168.6, 162.6, 149.4, 142.0, 137.8, 137.6, 136.3, 135.9, 135.1, 129.9, 129.7, 123.2, 123.1,
123.0, 122.9, 109.3, 107.6, 107.4, 50.5, 49.9, 47.4, 46.7, 44.9, 41.9, 38.1, 38.1, 37.2, 35.9,
28.2, 24.7, 23.9, 21.3, 21.1, 174, 17.3, 16.6. HRMS (ESI) exact mass calculated for
C23H2N4O2 [M+H]+ m/z 393.2291, found m/z 393.2292. wvmax(solid): 3387, 2921, 1655,

1614, 1426, 1263 cm™.

(S)-5—(1—((1-Acetylpiperidin-3—-yl)methyl)—-4-hydroxy-1H-benzo[d]imidazol-2-yl)-

1,3—dimethylpyridin-2(1H)-one, Formic acid salt 33
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N
o q Chemical Formula: C,H,4N4O;
/ Molecular Weight: 394.47 amu
N / N
/ 0
N —
H

Acetyl chloride (9 pl, 0.120 mmol) was added to a solution of (R)-5-(4—methoxy—1—

0]

(piperidin—3—-ylmethyl)-1H-benzo[d]imidazol-2—-yl)-1,3-dimethylpyridin—2(1H)-one 52
(40 mg, 0.109 mmol) and triethylamine (46 pL, 0.327 mmol) in DCM (1 mL) at RT. The
reaction mixture was stirred for at RT under a nitrogen atmosphere for 1 h. LCMS analysis
showed incomplete conversion to desired product. Additional acetyl chloride (9 pl, 0.120
mmol) was added, and the reaction mixture stirred at RT under a nitrogen atmosphere for 5 h.
The reaction mixture was diluted with and partitioned between DCM (20 mL) and brine (20
mL), and the phases were separated. The aqueous phase was further extracted with DCM (2 x
20 mL). The combined organic phases were washed with brine (20 mL), dried by passing
through a hydrophaobic frit, and concentrated in vacuo to yield (S)-5—(1-((1-acetylpiperidin—
3-yl)methyl)-4-methoxy—1H-benzo[d]imidazol-2—yl)-1,3-dimethylpyridin—2(1H)-one 53
(46 mg, 0.107 mmol). This was used in the next reaction as a crude mixture. Boron tribromide
(150 pL, 1.587 mmol) was added to a stirring solution of (S)-5—-(1—((1-acetylpiperidin—-3—
yDmethyl)-4-methoxy—1H-benzo[d]imidazol-2-yl)-1,3—-dimethylpyridin—2(1H)-one 53
(40.0 mg, 0.098 mmol) in 1,2—dichloroethane (DCE) (1 mL) at RT under a nitrogen
atmosphere. The reaction mixture was stirred at 60 °C under a nitrogen atmosphere for 1 h.
LCMS analysis showed incomplete conversion to desired product. Additional boron
tribromide (150 L, 1.587 mmol) was added, and the reaction mixture was stirred at RT under
a nitrogen atmosphere for 20 h. LCMS analysis showed incomplete conversion to desired
product. Additional boron tribromide (150 pL, 1.587 mmol) was added, and the reaction
mixture was stirred at RT under a nitrogen atmosphere for 1 h. LCMS analysis showed
incomplete conversion to desired product. Additional boron tribromide (0.5 mL, 5.29 mmol)

was added, and the reaction mixture was stirred at RT under a nitrogen atmosphere for 2 h.
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The reaction mixture was quenched by the addition of water (15 mL). The reaction mixture
was diluted with and partitioned between DCM (15 mL) and brine (15 mL), and the phases
were separated. The aqueous phase was washed with DCM (3 x 20 mL) and 4:1 CHCIs:IPA
(2 x 20 mL). The combined organic phases were dried by passing through a hydrophobic frit,
and concentrated in vacuo. The residue was dissolved in 1:1 MeOH:DMSO (1 mL) and
purified by MDAP, using a solvent system of water containing 0.1% (v/v) formic acid (solvent
A) and acetonitrile containing 0.1% (v/v) formic acid (solvent B). Fractions containing the
desired product were combined and extracted with 4:1 CHCIs:IPA (3 x 20 mL). The combined
organic phases were dried by passing through a hydrophobic frit, and concentrated in vacuo.
The residue was placed under high vacuum for 1 h to yield (S)-5—(1—((1—acetylpiperidin—3—
yl)methyl)-4—hydroxy—1H-benzo[d]imidazol-2—yl)-1,3—dimethylpyridin—2(1H)—one,

formic acid salt 33 (9 mg, 0.019 mmol, 20% yield) as a colourless gum. LCMS (HpH): rt =
0.49 min [M+H]+ 395. 'H NMR 8(400 MHz, CDCls): rotamer 1 8.14 (1H, s), 7.66 — 7.73
(1H, m), 7.33 — 7.42 (1H, m), 7.24 (1H, t, J = 8.1 Hz), 6.82 — 6.96 (2H, m), 3.99 — 4.40 (3H,
m), 3.58 — 3.68 (4H, m), 3.01 — 3.10 (1H, m), 2.49 — 2.57 (1H, m), 2.25 (3H, s), 2.05 — 2.14
(1H, m), 2.03 (3H, s), 1.54 — 1.71 (2H, m), 1.28 — 1.43 (1H, m), 1.02 - 1.17 (1H, m), 0.78 —
0.92 (1H, m). rotamer 2 8.14 (1H, s), 7.66 — 7.73 (1H, m), 7.33 — 7.42 (1H, m), 7.24 (1H, t, J
= 8.1 Hz), 6.82 — 6.96 (2H, m), 3.99 — 4.40 (3H, m), 3.58 — 3.68 (4H, m), 3.32 — 3.39 (1H, m),
2.65—2.74 (1H, m), 2.25 (3H, s), 2.05 — 2.14 (1H, m), 2.03 (3H, s), 1.54 — 1.71 (2H, m), 1.28

—1.43 (1H, m), 1.02 — 1.17 (1H, m), 0.78 — 0.92 (1H, m).

tert—Butyl (S)-3—(((2—nitrophenyl)amino)methyl)piperidine-1-carboxylate 61

BOCQ
NH Chemical Formula: C;;H,5N304
@[ Molecular Weight: 335.40 amu
NO,
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Potassium carbonate (484 mg, 3.50 mmol) and 1-fluoro—2-nitrobenzene 62 (246 pL, 2.33
mmol) were added to a stirring solution of tert-butyl (S)-3—(aminomethyl)piperidine-1—
carboxylate 48 (500 mg, 2.33 mmol) in DMF (10 mL). The reaction was stirred at 100 °C
under a nitrogen atmosphere for 4 h. After cooling to RT, the reaction mixture was
concentrated in vacuo. The residue was diluted with and partitioned between EtOAc (20 mL)
and water (20 mL), and the phases were separated. The aqueous phase was further extracted
with EtOAc (20 mL). The combined organic phases were washed with 5% (by wt) aqueous
solution of lithium chloride (30 mL), dried by passing through a hydrophobic frit, and
concentrated in vacuo. The crude material was then purified by normal phase chromatography,
eluting with 0 — 20% 3:1 EtOAc in cyclohexane over 16 CV. Fractions containing the desired
product were concentrated in  vacuo to yield tert-butyl (S)-3—(((2-
nitrophenyl)amino)methyl)piperidine—1-carboxylate 61 (763 mg, 2.09 mmol, 90% vyield) as
an orange gum. LCMS (HpH): rt = 1.36 min, [M+H]+ 336 'H NMR §(400 MHz, CDCL):
8.16 — 8.21 (1H, m), 8.07 — 8.15 (1H, m), 7.41 - 7.47 (1H, m), 6.81 - 6.86 (1H, m), 6.62 -
6.69 (1H, m), 3.89 - 4.10 (1H, m), 3.78 - 3.89 (1H, m,), 3.22 - 3.33 (1H, m), 3.13 - 3.22 (1H,
m), 2.90 — 3.04 (1H, m), 2.64 — 2.90 (1H, m), 1.85 — 2.01 (2H, m), 1.65 — 1.75 (1H, m), 1.45

(10H, s), 1.28 — 1.40 (1H, m). vmax(solid): 3377, 2927, 1684, 1617, 1510, 1417, 1142 cm™.,

(S)-3—((2—(1,5-Dimethyl-6—ox0-1,6—dihydropyridin—-3-yl)-1H-benzo[d]imidazol-1-

yl)methyl)piperidine-1-carboxylate 63

BOCNQ
N N/ Chemical Formula: C,5H;,N,05
olecular Weight: 436.55 amu
> / o Molecular Weight: 436.55
N —
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tert—Butyl (S)-3—(((2—nitrophenyl)amino)methyl)piperidine—1—carboxylate 61 (373 mg, 1.11
mmol), 1,5-dimethyl-6—0x0-1,6—dihydropyridine-3—carbaldehyde 36 (202 mg, 1.34 mmol),
EtOH (7mL), and water (3.5 mL) were added to a round bottom flask. The reaction mixture
was heated to 80 °C, after which sodium dithionite (581 mg, 3.34 mmol) was added. The
reaction mixture was stirred at 100 °C under a nitrogen atmosphere for 1 h. After cooling to
RT, the reaction mixture was diluted with and partitioned between EtOAc (20 mL) and water
(20 mL), and the phases were separated. The agueous phase was further extracted with EtOAc
(20 mL). The combined organic phases were washed with brine (20 mL), dried by passing
through a hydrophobic frit, and concentrated in vacuo. This was dried on high vacuum for 16
h to yield (S)-3—((2—(1,5-dimethyl-6—ox0-1,6—dihydropyridin—3—-yl)-1H-
benzo[d]imidazol-1-yl)methyl)piperidine—1-carboxylate 63 (383 mg, 0.833 mmol, 75%
yield) as a yellow gum. LCMS (HpH): rt = 1.07 min, [M+H]+ 437 ‘H NMR §(400 MHz,
CDCly): 7.73 - 7.78 (2H, m), 7.48 — 7.51 (1H, m), 7.36 — 7.40 (1H, m), 7.28 — 7.34 (2H, m),
4.06 - 4.20 (2H, m), 3.77 - 3.90 (1H, m), 3.65 (3H, s), 2.70 — 2.84 (1H, m), 2.48 — 2.58 (1H,
m), 2.25 (3H, s), 1.99 - 2.11 (1H, m), 1.51 — 1.64 (2H, m), 1.35 (11H, m), 0.99 - 1.12 (1H,
m). HRMS (ESI) exact mass calculated for CzsH33N4O3 [M+H]+ m/z 437.2553, found m/z

437.2552. vmax(solid): 2973, 2926, 1652, 1426, 1270, 1142 cm™.

(R)-1,3-Dimethyl-5—(1-(piperidin-3—-ylmethyl)-1H-benzo[d]imidazol-2-yl)pyridin-

N N/ Chemical Formula: C,,H,4,N,O
olecular Weight: 43 amu

) 74 o Molecular Weight: 336.43

N —

2(1H)-one 60
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tert—Buty!l (S)-3—((2—(1,5-dimethyl-6—o0xo0-1,6—dihydropyridin—3—yl)-1H-benzo[d]
imidazol-1-yl)methyl)piperidine—1-carboxylate 63 (365 mg, 0.836 mmol) was dissolved in a
solution of hydrochloric acid in 1,4-dioxane (4 M, 4 mL, 16 mmol). MeOH (1 mL) was
added to aid solubility. The reaction mixture was stirred at RT under air for 1 h. The reaction
mixture was diluted with methanol (20 mL) and then added to a SCX 20 g column (pre—wet
with methanol) and allowed to settle by gravity. The column was then washed with methanol
(80 mL) under vacuum . Into a separate flask, the column was washed with a solution of
ammonia in MeOH (2 M, 80 mL). The filtrate was concentrated in vacuo to yield (R)-1,3-
dimethyl-5—(1—(piperidin—3-ylmethyl)-1H-benzo[d]imidazol-2—yl)pyridin-2(1H)—one 60
(283 mg, 0.799 mmol, 96% yield) as a yellow gum. LCMS (HpH): rt = 0.73 min, [M+H]+
337 H NMR $(400 MHz, CDCls): 7.77 — 7.82 (1H, m), 7.71 - 7.76 (1H, m), 7.51 - 7.55
(1H, m), 7.35 - 7.41 (1H, m), 7.24 — 7.30 (2H, m), 4.04 — 4.20 (2H, m), 3.63 (3H, s), 2.87 -
2.94 (1H, m), 2.73 = 2.79 (1H, m), 2.51 - 2.60 (1H, m), 2.26 — 2.34 (1H, m), 2.22 (3H, s), 2.00
-2.20 (2H, m), 1.55 - 1.66 (2H, m), 1.30 — 1.44 (1H, m), 1.03 - 1.18 (1H, m). *C NMR
3(101 MHz, CDCL): 162.7 (C), 150.4 (C), 142.8 (C), 137.6 (CH), 136.2 (CH), 135.9 (C),
129.8 (C), 122.9 (CH), 122.6 (CH), 119.7 (CH), 110.3 (CH), 109.4 (C), 50.2 (CH,), 48.2
(CH>), 46.6 (CHs), 38.1 (CH3), 37.3 (CH), 29.0 (CHs), 25.1 (CH>), 17.4 (CHs). HRMS (ESI)
exact mass calculated for CyHzsN4O [M+H]+ m/z 337.2029, found m/z 337.2026.

vmax(s0lid): 3366, 2927, 2832, 1651, 1597, 1456 cm™.

(S)-5—(1—((1~(4—Aminobutanoyl)piperidin-3-yl)methyl)-1H-benzo[d]imidazol-2-yI)-

1,3-dimethylpyridin—-2(1H)-one 58

H,oN
WN
O .
N N/ Chemical Formula: C,4H3;N50,
@ />_</:z:0 Molecular Weight: 421.54 amu
N —
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DIPEA (587 pL, 3.36 mmol) was added to a stirring solution of 4—((tert—
butoxycarbonyl)amino)butanoic acid 64 (137 mg, 0.672 mmol) and HATU (319 mg, 0.840
mmol) in DMF (1.5 mL) at RT. The reaction mixture was stirred at RT under air for 10
minutes, after which a solution of (R)-1,3—dimethyl-5—(1—(piperidin—3-yIlmethyl)-1H-
benzo[d]imidazol-2—-yl)pyridin—2(1H)-one 60 (226 mg, 0.672 mmol) in DMF (1.5 mL) was
added. The reaction mixture was stirred at RT under air for 4 h. The reaction mixture was
diluted with and partitioned between EtOAc (20 mL) and a 5% (by wt) aqueous solution of
lithium chloride (20 mL), and the phases were separated. The aqueous phase was further
extracted with EtOAc (20 mL). The combined organic phases were washed with 5% (by wt)
aqueous solution of lithium chloride (3 x 20 mL), dried by passing through a hydrophobic frit,
and concentrated in vacuo to yield tert-butyl (S)-(4—(3—((2—(1,5-dimethyl-6—0x0-1,6—
dihydropyridin—3—-yl)-1H-benzo[d]imidazol-1-yl)methyl)piperidin—1-yl)-4-oxobutyl)
carbamate (371 mg, 0.711 mmol) as a brown gum. This was taken forward crude. tert-Butyl
(S)-(4—-(3—((2—(1,5-dimethyl-6—0x0-1,6—dihydropyridin—-3—-yl)-1H-benzo[d]imidazol-1-
yhmethyl)piperidin—-1-yl)-4—oxobutyl)carbamate (371 mg, 0.711 mmol) was dissolved in a
solution of hydrochloric acid in 1,4-dioxane (4 M, 3 mL, 12 mmol). The reaction mixture was
stirred at RT under air for 2 h. The reaction mixture was dissolved in methanol (40 mL) and
then added to a SCX 20 g column (pre—wet with methanol) and allowed to settle by gravity.
The column was then washed with methanol (80 mL) under vacuum . Into a separate flask, the
column was washed with a solution of ammonia in MeOH (2 M, 80 mL). The filtrate was
concentrated under a stream of nitrogen to yield (S)-5—(1—((1—(4—aminobutanoyl)piperidin—
3-yl)methyl)-1H-benzo[d]imidazol-2-yl)-1,3-dimethylpyridin—2(1H)-one 58 (260 mg,
0.586 mmol, 87% yield) as a brown gum. LCMS (HpH): rt = 0.73 min, [M+H]+ 422 'H
NMR 8(400 MHz, CDCls): 7.74 - 7.87 (2H, m), 7.50 = 7.55 (1H, m), 7.36 — 7.45 (1H, m),
7.29 - 7.35 (2H, m), 4.18 - 4.39 (2H, m), 4.04 — 4.14 (1H, m), 3.64 — 3.70 (4H, m), 3.36 —

3.43 (1H, m), 2.98 - 3.06 (1H, m), 2.75 - 2.80 (1H, m), 2.50 — 2.69 (2H, m), 2.33 - 2.39 (1H,
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m), 2.26 (3H, s), 1.95 — 2.14 (2H, m), 1.74 — 1.85 (1H, m), 1.50 - 1.69 (3H, m), 1.00 — 1.39
(3H, m). **C NMR 8(101 MHz, DMSO-ds): additional peaks due to rotamers present 170.2,
170.1, 161.7, 150.4, 150.2, 142.4, 142.3, 138.3, 138.2, 136.6, 135.9, 135.8, 127.9, 127.8,
122.2,121.9, 121.9, 118.8, 111.1, 110.9, 108.1, 79.1, 48.2, 46.9, 46.7, 45.2, 44.3, 41.3, 40.5,
40.5, 38.6, 38.5, 38.2, 37.3, 36.9, 36.1, 29.8, 27.6, 27.4, 24.6, 23.8, 16.8. HRMS (ESI) exact
mass calculated for Cz4H3:NsO, [M+H]+ m/z 422.2557, found m/z 422.2555. wvmax(solid):

3403, 2927, 2864, 1651, 1603, 1454, 1428 cm™.

(S)-5-(1-((1—(4—(Dimethylamino)butanoyl)piperidin—-3—-yl)methyl)-1H-benzo[d]

imidazol-2-yl)-1,3—-dimethylpyridin—-2(1H)—one 65

N\
N
/ WN
o Chemical Formula: C,sH35N50,
/ Molecular Weight: 449.59 amu
N Vi N
/ 0
N —

DIPEA (78 pL, 0.446 mmol) was added to a solution of 4—(dimethylamino)butanoic acid,
hydrochloride (15 mg, 0.089 mmol) and HATU (42 mg, 0.111 mmol) in DMF (0.5 mL) at RT.
The reaction mixture was stirred at RT under air for 10 minutes, after which a solution of (R)—
1,3—dimethyl-5—(1—(piperidin—3-ylmethyl)-1H-benzo[d]imidazol-2-y)pyridin—2(1H)-one
60 (30 mg, 0.089 mmol) in DMF (0.5 mL) was added. The reaction mixture was stirred at RT
under air for 1 h. LCMS analysis indicated incomplete conversion to desired product.
Additional 4—(dimethylamino)butanoic acid, hydrochloride (15 mg, 0.089 mmol) and HATU
(42 mg, 0.111 mmol) were added and the reaction mixture was stirred at RT under air for 1 h.
The reaction mixture was diluted with and partitioned between 4:1 CHCIs: IPA (20 mL) and
a 5% (by wt) aqueous solution of lithium chloride (20 mL), and the phases were separated.
The aqueous phase was further extracted with 4:1 CHCIs: IPA (2 x 20 mL). Solid sodium

chloride was added to the aqueous phase to saturate it (about 3 spatulas) and the aqueous phase
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was extracted a further two times with 4:1 CHCI3: IPA (2 x 20 mL). The combined organic
phases were dried by passing through a hydrophobic frit, and concentrated in vacuo. The
residue was dissolved in 1:1 MeOH:DMSO (1 mL) and purified by MDAP, using a solvent
system of 10 mM ammonium bicarbonate adjusted to pH 10 with ammonia in water (solvent
A) and acetonitrile (solvent B). Fractions containing the desired product were combined and
extracted with DCM (2 x 20 mL). The combined organic phases were dried by passing through
a hydrophobic frit, and concentrated in vacuo to give a colourless gum. This was then placed
under high vacuum for 3H to yield (S)-5-(1—((1-(4—(dimethylamino)butanoyl)piperidin—-3—
yl)methyl)-1H-benzo[d]imidazol-2—yl)-1,3—dimethylpyridin-2(1H)—one 65 (20 mg, 0.042
mmol, 47% yield) as a white solid. LCMS (HpH): rt = 0.77 min, [M+H]+ 450 'H NMR
3(400 MHz, DMSO-de): 7.93 - 8.03 (1H, m), 7.65 - 7.69 (1H, m), 7.55 - 7.65 (2 H, m),
7.18-7.30 (2H, m), 4.18 - 4.34 (2H, m), 3.69 - 3.90 (2H, m), 3.59 (3H, s), 2.62 - 2.70*
overlapping with H20 peak (1H, integrates as 2H, m), 2.27 - 2.35 (2H, m), 2.23 (6H,
s),2.11-2.19 (5H, m), 1.88 - 2.01 (1H, m), 1.53 - 1.65 (4H, m), 1.16 - 1.34 (3H, m)
13C NMR 8(176 MHz, DMSO-d6): additional peaks due to rotamers present. 170.1, 170.0,
161.7, 150.4, 150.2, 142.4, 142.3, 138.3, 138.3, 136.7, 136.0, 135.9, 127.9, 127.8, 122.2,
122.0, 121.9, 118.8, 111.1, 111.0, 108.2, 108.2, 66.1, 58.1, 54.9, 48.2, 46.9, 46.7, 45.3, 44.6,

44.6,44.3,41.4,37.4,36.9, 36.1, 29.8, 29.8, 27.7, 27.6, 24.6, 23.9, 22.3, 22.2, 22.0, 16.8.

(S)-5-(1—((1-(5-Aminopentanoyl)piperidin—3—yl)methyl)-1H-benzo[d]imidazol-2—yl)-

1,3—dimethylpyridin—2(1H)—one 66

HoN
Ty
o Chemical Formula: C,5H33N50,
/ Molecular Weight: 435.56 amu
N Y N
/ 0]
N —
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DIPEA (78 pL, 0.446 mmol) was added to a stirring solution of 5—((tert—
butoxycarbonyl)amino)pentanoic acid (32 mg, 0.149 mmol) and HATU (71 mg, 0.186 mmol)
in DMF (0.5 mL) at RT. The reaction mixture was stirred at RT under air for 10 minutes, after
which a solution of (R)-1,3—dimethyl-5—(1—(piperidin—3—ylmethyl)-1H-benzo[d]imidazol-
2—ylpyridin—2(1H)—one 60 (50 mg, 0.149 mmol) in DMF (0.5 mL) was added. The reaction
mixture was stirred at RT under air for 2 h. The reaction mixture was diluted with and
partitioned between EtOAc (20 mL) and a 10% (by wt) aqueous solution of lithium chloride
(20 mL), and the phases were separated. The aqueous phase was further extracted with EtOAc
(20 mL). The combined organic phases were washed with 10% (by wt) aqueous solution of
lithium chloride (2 x 20 mL), dried by passing through a hydrophobic frit, and concentrated in
vacuo to yield tert-butyl (S)—(5—-(3—((2—(1,5—dimethyl-6—ox0—1,6—dihydropyridin—3—yl)—
1H-benzo[d]imidazol-1-yl)methyl)piperidin—1-yl)-5—oxopentyl)carbamate (122 mg, 0.228
mmol) as a brown gum. This was taken forward to the next reaction as a crude mixture. (S)—
(5-(3—((2—(1,5—dimethyl-6—ox0—1,6—dihydropyridin—3—yl)—1 H-benzo[d]imidazol-1-

yl)methyl)piperidin—1—yl)-5—oxopentyl)carbamate (122 mg, 0.228 mmol) was added to a
solution of hydrochloric acid in 1,4—dioxane (4 M, 5mL, 20 mmol). MeOH (2 mL) was added
to aid solubility. The reaction mixture was stirred at RT under air for 1 h. The reaction mixture
was concentrated in vacuo. The residue was dissolved in 1:1 MeOH:DMSO (1 mL) and
purified by MDAP using a solvent system of 10 mM ammonium bicarbonate adjusted to pH
10 with ammonia in water (solvent A) and acetonitrile (solvent B). Fractions containing the
desired product were combined and extracted with DCM (2 x 20 mL). The combined organic
phases were dried by passing through a hydrophobic frit, and concentrated in vacuo to yield
(S)-5—(1—((1—(5—aminopentanoyl)piperidin—3—yl)methyl)-1 H-benzo[d]imidazol-2—y1)-1,3—
dimethylpyridin—2(1H)—one 66 (16 mg, 0.035 mmol, 23% vyield) as a white solid. LCMS
(HpH): rt = 0.73 min, [M+H]+ 436. 'H NMR $(400 MHz, DMSO-ds, VT): 7.92 — 8.06 (1H,
m), 7.60 — 7.72 (2H, m), 7.52 — 7.60 (1H, m), 7.11 — 7.37 (2H, m), 4.19 — 4.34 (2H, m), 3.79

~3.92 (1H, m), 3.67—3.78 (1H, m), 3.59 (3H, s), 2.62 — 2.91 (4H, m), 2.47 — 2.55* overlapping
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DMSO peak (2H, integrates as 7H, m), 2.07 — 2.18 (5H, m), 1.88 — 2.01 (1H, m), 1.54 — 1.64
(2H, m), 1.40 — 1.51 (2H, m), 1.14 — 1.35 (4H, m). 3C NMR (176 MHz, DMSO-d6) ppm:
additional peaks due to rotamers present 170.4, 170.1, 170.0, 161.7, 161.7, 150.4, 150.3,
150.2, 142.4, 142.3, 138.3, 138.3, 138.2, 136.7, 136.7, 136.6, 136.0, 135.9, 135.8, 127.9,
127.8, 127.8, 122.2, 122.1, 122.0, 121.9, 121.8, 118.8, 118.7, 111.1, 111.0, 111.0, 108.3,
108.2, 108.1, 49.6, 48.6, 48.3, 47.5, 46.9, 46.7, 46.2, 45.3, 44.2, 41.3, 41.2, 41.2, 37.4, 37.3,
37.1, 36.7, 36.1, 32.7, 32.2, 31.4, 28.4, 27.7, 27.6, 25.0, 24.6, 23.9, 22.2, 22.0, 20.7, 16.8.
HRMS (ESI) exact mass calculated for CzsH3aNsO2 [M+H]+ m/z 436.2713, found m/z

436.2712.

(S)-5—(1—((1—~(1H-Imidazole-5-carbonyl)piperidin-3-yl)methyl)-1H-benzo[d]imidazol

—2-yl)-1,3-dimethylpyridin-2(1H)-one, formic acid salt 67

/N
A
N
o}
N N/ Chemical Formula: C,4H,¢NgO,
@ />—</:€:O Molecular Weight: 430.50 amu
N —

DIPEA (130 pL, 0.743 mmol) was added to a stirring solution of HATU (71 mg, 0.186 mmol)
and 1H-imidazole-5-carboxylic acid (17 mg, 0.149 mmol) in DMF (0.5 mL) at RT. The
reaction mixture was stirred at RT for 10 minutes, after which a solution of (R)-1,3—-dimethyl—
5—(1—(piperidin—3-ylmethyl)-1H-benzo[d]imidazol-2-yl)pyridin—2(1H)-one 60 (50 mg,
0.149 mmol) in DMF (0.5 mL) was added. The reaction mixture was stirred at RT under a
nitrogen atmosphere for 1 h. LCMS analysis showed incomplete conversion to desired
product. Additional 1H-imidazole-5—carboxylic acid (17 mg, 0.149 mmol) was added. The
reaction mixture was stirred at RT under a nitrogen atmosphere for 16 h. The reaction mixture
was diluted with and partitioned between DCM (10 mL) and a 5 % (by wt) aqueous solution

of lithium chloride (10 mL), and the phases were separated. The aqueous phase was further
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extracted with DCM (2 x 10 mL). The combined organic phases were washed with a 5% (by
wt) aqueous solution of lithium chloride (10 mL), dried by passing through a hydrophobic frit,
and concentrated in vacuo. The residue was dissolved in 1:1 MeOH:DMSO and purified by
MDAP using a solvent system of 10 mM ammonium bicarbonate adjusted to pH 10 with
ammonia in water (solvent A) and acetonitrile (solvent B). Fractions containing the desired
product were combined and extracted with DCM (2 x 20 mL). The combined organic phases
were dried by passing through a hydrophobic frit, and concentrated in vacuo. LCMS analysis
showed purification was unsuccessful. The residue was dissolved in 1:1 MeOH:DMSO and
purified by MDAP using a 0.1% v/v solution of formic acid in water (solvent A) and 0.1% v/v
solution of formic acid in acetonitrile (solvent B). Fractions containing the desired product
were combined and concentrated in vacuo to vyield (S)-5—(1-((1-(1H-imidazole-5—
carbonyl)piperidin—-3—-yl)methyl)-1H-benzo[d]imidazol-2-yl)-1,3-dimethylpyridin—2(1H)-
one 67, formic acid salt (14 mg, 0.031 mmol, 19% yield) as a white solid. LCMS (HpH): rt =
0.72 min, [M+H]+ 431 'H NMR &(400 MHz, DMSO-ds): 8.12 — 8.43 (1H, m)* formic salt,
7.94 — 8.04 (1H, m), 7.61 — 7.69 (2H, m), 7.53 — 7.59 (1H, m), 7.31 — 7.52 (1H, m), 7.17 —
7.29 (2H, m), 4.24 — 4.43 (4H, m), 3.56 (3H, s), 3.01 — 3.09 (1H, m), 2.83 — 2.94 (1H, m), 2.12
(3H, s), 2.01 — 2.10 (1H, m), 1.57 — 1.70 (2H, m), 1.24 — 1.43 (2H, m), 1.18 — 1.48 (2H, m).
HRMS (ESI) exact mass calculated for CasH27NgO, [M+H]+ m/z 431.2196, found m/z

431.2200. vmax(solid): 3398, 3168, 2916, 1653, 1587, 1455, 1428 cm™.

1,3-Dimethyl-5—(1—(((3S)-1—-(1-methylpiperidine-3—carbonyl)piperidin-3-yl)methyl)-

1H-benzo[d]imidazol-2-yl)pyridin—2(1H)-one 69

—N
N
(0]
N N/ Chemical Formula: C,;H35N50,
74 Molecular Weight: 461.60 amu
/ 0 €
N —
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DIPEA (130 pL, 0.743 mmol) was added to a solution of 1-methylpiperidine—3—carboxylic
acid (21 mg, 0.149 mmol) and HATU (71 mg, 0.186 mmol) in DMF at RT. The reaction
mixture was stirred at RT under air for 10 minutes, after which a solution of (R)-1,3—-dimethyl-
5—(1—(piperidin—3-ylmethyl)-1H-benzo[d]imidazol-2-yl)pyridin—2(1H)-one 60 (50 mg,
0.149 mmol) in DMF (0.5 mL) was added. The reaction mixture was stirred at RT under air
for 1 h. The reaction mixture was diluted with and partitioned between EtOAc (20 mL) and a
5% (by wt) aqueous solution of lithium chloride (20 mL), and the phases were separated. The
aqueous phase was further extracted with EtOAc (20 mL). The combined organic phases were
washed with a 5% (by wt) aqueous solution of lithium chloride (20 mL), dried by passing
through a hydrophobic frit, and concentrated in vacuo. The aqueous phase was further
extracted with DCM (3 x 20 mL). The combined organics were dried by passing through a
hydrophobic frit, combined with the first batch, and concentrated in vacuo. The residue was
dissolved in 1:1 MeOH:DMSO (1 mL) and purified by MDAP using a solvent system of 10
mM ammonium bicarbonate adjusted to pH 10 with ammonia in water (solvent A) and
acetonitrile (solvent B). Fractions containing the desired product were combined and extracted
with DCM (2 x 30 mL). The combined organic phases were dried by passing through a
hydrophobic frit, and concentrated in vacuo to yield 1,3—dimethyl-5—(1—(((3S)-1-(1-
methylpiperidine—3—carbonyl)piperidin-3—yl)methyl)-1H-benzo[d]imidazol-2—yl)pyridin—

2(1H)—-one 69 (29 mg, 60 umol, 40% yield) as a white solid. LCMS (HpH): rt = 0.83 min,
[M+H]+ 462. 'H NMR (400 MHz, DMSO-ds, VT): 7.96 — 8.01 (1H, m), 7.61 — 7.69 (2H,
m), 7.57 (1H, d, J = 7.8 Hz), 7.19 — 7.29 (2H, m), 4.19 — 4.35 (2H, m), 3.83 — 3.93 (1H, m),
3.65-3.76 (1H, m), 3.59 (3H, s), 2.77 — 2.89* overlapping H-O peak (1H, integrates as 15H,
m), 2.65 — 2.73 (2H, m), 2.52 — 2.61 (2H, m), 2.10 — 2.17 (6H, m), 1.75 — 1.99 (3H, m), 1.14
— 1.63 (8H, m). 3C NMR §(101 MHz, CDCls): additional peaks due to rotamers present
172.7, 172.6, 162.6, 150.3, 142.9, 142.8, 137.7, 136.0, 135.9, 135.6, 130.1, 129.9, 123.0,

122.7, 120.2, 119.9, 110.1, 110.0, 109.2, 99.9, 58.2, 58.1, 55.6, 47.6, 47.4, 46.6, 46.5, 45.9,
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45.8,45.2,42.0,39.6, 39.5, 38.1, 36.3, 36.1, 28.5, 28.2, 27.1, 25.3, 25.2, 25.1, 25.0, 24.9, 17 4,

1.8. vmax(solid): 3424, 2931, 2864, 2796, 1653, 1607, 1455 cm™.

(S)-1,3-Dimethyl-5—(1-((1—(piperidine—4—carbonyl)piperidin-3-yl)methyl)-1H-

benzo[d]imidazol-2-yl)pyridin—-2(1H)—one 70

HN
N
o
N N/ Chemical Formula: C,gH;3N50,
©: />—</:€:O Molecular Weight: 447.57 amu
N —

DIPEA (130 uL, 0.743 mmol) was added to a solution of 1—(tert-butoxycarbonyl)piperidine—
4—carboxylic acid (34 mg, 0.149 mmol) and HATU (71 mg, 0.186 mmol) in DMF (0.5 mL) at
RT. The reaction mixture was stirred at RT under air for 10 minutes, after which a solution of
(R)-1,3—dimethyl-5—(1—(piperidin—3—-ylmethyl)-1H-benzo[d]imidazol-2—-yl)pyridin—
2(1H)—one 60 (50 mg, 0.149 mmol) in DMF (0.5 mL) was added. The reaction mixture was
stirred at RT under air for 1 h. The reaction mixture was diluted with and partitioned between
EtOAc (20 mL) and a 5% (by wt) aqueous solution of lithium chloride (20 mL), and the phases
were separated. The agueous phase was further extracted with EtOAc (20 mL). The combined
organic phases were washed with a 5% (by wt) aqueous solution of lithium chloride (20 mL),
dried by passing through a hydrophobic frit, and concentrated in vacuo to yield tert-butyl (S)-
4—(3—((2—(1,5-dimethyl-6—-oxo0-1,6—dihydropyridin—-3-yl)-1H-benzo[d]imidazol-1-
yl)methyl)piperidine—1—-carbonyl)piperidine—1—carboxylate (236 mg, 0.147 mmol) as a brown
oil. This was taken forward crude. tert-Butyl (S)-4—(3—((2—(1,5-dimethyl-6—0x0-1,6—
dihydropyridin—3—-yl)-1H-benzo[d]imidazol-1-yl)methyl)piperidine—1—
carbonyl)piperidine—1-carboxylate (236 mg, 0.147 mmol) was added to a solution of

hydrochloric acid in 1,4—dioxane (4 M, 0.5 mL, 2 mmol). The reaction mixture was stirred at

110



RT under a nitrogen atmosphere for 3 h. The reaction mixture was concentrated in vacuo. The
residue was dissolved in 1:1 MeOH:DMSO (1 mL) and purified MDAP using a solvent system
of 10 mM ammonium bicarbonate adjusted to pH 10 with ammonia in water (solvent A) and
acetonitrile (solvent B). Fractions containing the desired product were combined and extracted
with DCM (3 x 50 mL). The combined organic phases were dried by passing through a
hydrophobic frit, and concentrated in vacuo to yield (S)-1,3-dimethyl-5—(1—((1—(piperidine—
4—carbonyl)piperidin—3—yl)methyl)-1H-benzo[d]imidazol-2—yl)pyridin-2(1H)-one 70 (17
mg, 36 umol, 25% yield) as a white solid. LCMS (HpH): rt = 0.80 min, [M+H] 448. *H NMR
5(400 MHz, DMSO—ds, VT): 7.89 — 8.06 (1H, m), 7.61 — 7.68 (2H, m), 7.52 — 7.61 (1H, m),
7.17 —7.31 (2H, m), 4.18 — 4.35 (2H, m), 3.83 — 3.99 (1H, m), 3.61 — 3.72 (1H, m), 3.59 (3H,
S), 2.74 — 2.94* overlapping with HO peak (4H, integrates as 7H, m), 2.64 — 2.73 (1H, m),
2.30 — 2.47 (3H, m), 2.14 (3H, s), 1.87 — 1.99 (1H, m), 1.54 — 1.64 (2H, m), 1.14 — 1.48 (6H,
m). HRMS (ESI) exact mass calculated for CysHssNsO, [M+H]+ m/z 448.2713, found m/z

448.2710. vmax(solid): 3398, 2921, 2853, 1654, 1604, 1452 cm™.

(S)-5-(1—-((1—(1-1sopropylpiperidine—4—carbonyl)piperidin—-3—-yl)methyl)-1H-benzo

[d]imidazol-2—yl)-1,3-dimethylpyridin-2(1H)—one 71

N
N
Chemical Formula: C,gH;39N;50,
/

Molecular Weight: 489.65 amu
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DIPEA (39 pL, 0.223 mmol) was added to a solution of 1-isopropylpiperidine—4—carboxylic
acid (13 mg, 0.076 mmol) and HATU (35 mg, 0.093 mmol) in DMF (0.5 mL) at RT. The
reaction mixture was stirred at RT under air for 10 minutes, after which a solution of (R)-1,3—
dimethyl-5—(1—(piperidin—3—-yImethyl)-1H-benzo[d]imidazol-2—-yl)pyridin—2(1H)-one 60
(25 mg, 0.074 mmol) in DMF (0.5 mL) was added. The reaction mixture was stirred at RT
under air for 1 h. The reaction mixture was dissolved in and partitioned between DCM (20
mL) and a 10% (by wt) aqueous solution of lithium chloride (2 x 20 mL), and the phases were
separated. The aqueous phase was further extracted with 4:1 CHCIs:IPA (2 x 20 mL). The
combined organic phases were washed with a 10% (by wt) aqueous solution of lithium
chloride (3 x 20 mL), dried by passing through a hydrophobic frit, and concentrated in vacuo.
The residue was dissolved in 1:1 MeOH:DMSO (1 mL) and purified by EZ preparative HPLC,
eluting with 15 — 100% 10 mM ammonium bicarbonate (aq)/MeCN. Fractions containing the
desired product were combined and extracted with 4:1 CHCIs:IPA (2 x 20 mL), dried by
passing through a hydrophobic frit, and concentrated in vacuo to yield (S)-5—(1-((1-(1-
isopropylpiperidine—4—carbonyl)piperidin—3—yl)methyl)-1H-benzo[d]imidazol-2-yl)-1,3—

dimethylpyridin—2(1H)—one 71 (21 mg, 0.041 mmol, 58% yield) as a pale yellow solid. LCMS
(HpH): rt = 0.88 min, [M+H]+ 490 'H NMR §(400 MHz, DMSO-dg, VT): rotamer 1 7.98
(1H, d, J = 2.4 Hz), 7.61 — 7.68 (2H, m), 7.55 — 7.60 (1H, m), 7.25 (2H, s), 4.20 — 4.32 (2H,
m), 3.87 —3.98 (1H, m), 3.60 — 3.71 (1H, m), 3.59 (3H, s), 2.58 — 2.88* overlapping H,O peak
(5H, integrates as 12H, m), 2.13 — 2.23 (4H, m), 1.87 — 2.07 (3H, m), 1.39 — 1.64 (5H, m),
1.14 -1.37 (3H, m), 1.09 (6H, d, J = 5.9 Hz). rotamer 2 7.98 (1H, d, J = 2.4 Hz), 7.61 — 7.68
(2H, m), 7.55 — 7.60 (1H, m), 7.25 (2H, s), 4.20 — 4.32 (2H, m), 3.87 — 3.98 (1H, m), 3.60 —
3.71 (1H, m), 3.59 (3H, s), 2.58 — 2.88* overlapping H.O peak (5H, integrates as 12H, m),
2.13-2.23 (4H, m), 1.87 — 2.07 (3H, m), 1.39 — 1.64 (5H, m), 1.14 — 1.37 (3H, m), 0.97 (6H,
d, J=6.4 Hz). *C NMR §(176 MHz, DMSO-ds): additional peaks due to rotamers present
172.6, 172.1, 161.7, 150.5, 150.3, 142.4, 142.4, 138.3, 136.7, 136.6, 135.8, 127.9, 127.8,

122.2,121.9, 118.8, 111.2, 111.0, 108.1, 108.0, 62.0, 53.7, 47.9, 47.6, 47.5, 47.3, 46.8, 46.7,
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45.1,44.3,41.4,40.4, 40.3,40.2, 40.1, 40.1, 40.0, 38.1, 38.0, 37.8, 37.3, 35.8, 28.9, 28.8, 28.6,
28.0, 27.3, 25.4, 24.6, 24.2, 18.0, 17.9, 17.8, 16.8. HRMS (ESI) exact mass calculated for
C29HaoNsO2 [M+H]+ m/z 490.3183, found m/z 490.3177. wvmax(solid): 3440, 2932, 2864,

1655, 1611, 1453 cm™.

(S)-1,3-Dimethyl-5—(1-((1-(1-methylpiperidine—4—carbonyl)piperidin—3—yl)methyl)—

1H-benzo[d]imidazol-2—-yl)pyridin—2(1H)-one 72

\
N
N
o Chemical Formula: C»;H3sN5O,
/

Molecular Weight: 461.60 amu
N / N
/ (0]
N —

DIPEA (78 pL, 0.446 mmol) was added to a stirring solution of 1-methylpiperidine—4—
carboxylic acid (21 mg, 0.149 mmol) and HATU (71 mg, 0.186 mmol) in DMF (0.5 mL) at
RT. The reaction was stirred at RT under air for 10 minutes, after which a solution of (R)-1,3—
dimethyl-5—(1—(piperidin—3—ylmethyl)-1H-benzo[d]imidazol-2—yl)pyridin—2(1H)-one 60
(50 mg, 0.149 mmol) in DMF (0.5 mL) was added. The reaction mixture was stirred for at RT
under air for 1 h. The reaction mixture was diluted with and partitioned between EtOAc (20
mL) and a 5% (by wt) aqueous solution of lithium chloride (20 mL), and the phases were
separated. The aqueous phase was further extracted with 4:1 CHCIs:IPA (3 x 20 mL). The
aqueous phase was salted by addition of solid sodium chloride (approximately 2 g), and the
aqueous phase further extracted with 4:1 CHCIs:IPA (3 x 20 mL). The combined organic
phases were washed with brine (2 x 20 mL), dried by passing through a hydrophobic frit, and
concentrated in vacuo. The residue was dissolved in 1:1 MeOH:DMSO (1 mL) and purified
by MDAP using a solvent system of 10 mM ammonium bicarbonate adjusted to pH 10 with

ammonia in water (solvent A) and acetonitrile (solvent B). Fractions containing the desired

113



product were combined and extracted with DCM (2 x 40 mL). The combined organic phases
were dried by passing through a hydrophobic frit, and concentrated in vacuo to yield (S)-1,3—
dimethyl-5—(1-((1—(1-methylpiperidine—4—carbonyl)piperidin—3—yl)methyl)-1H-

benzo[d]imidazol-2—yl)pyridin—2(1H)—one 72 (19 mg, 0.039 mmol, 28% yield) as a yellow
solid. LCMS (HpH): rt = 0.80 min, [M+H]+ 462. '"H NMR (400 MHz, DMSO-ds, VT):
7.98 (1H, d, J = 2.2 Hz), 7.62 — 7.68 (2H, m), 7.56 — 7.60 (1H, m), 7.20 — 7.30 (2H, m), 4.21
—4.33 (2H, m), 3.90 (1H, br. d, J = 12.7 Hz), 3.65 (1H, br. d, J = 12.0 Hz), 3.59 (3H, ), 2.74
— 2.85*overlapping with H2O peak (1H, integrates as 6H, m), 2.61 —2.73 (3H, m), 2.16 — 2.24
(1H, m), 2.14 (6H, s), 1.88 — 1.99 (1H, m), 1.72 — 1.87 (2H, m), 1.48 — 1.64 (4H, m), 1.38 —
1.48 (1H, m), 1.17 — 1.36 (3H, m). *C NMR &(176 MHz, DMSO-ds): additional peaks due
to rotamers present 172.5, 172.0, 161.7, 150.4, 150.3, 142.4,138.3, 136.7, 136.6, 135.8, 127.9,
127.8, 122.2, 122.0, 121.9, 118.9, 118.8, 111.1, 111.0, 108.1, 108.0, 54.6, 54.6, 54.5, 54.5,
47.9,46.8,46.7,46.1,46.1,45.1,44.3,41.5,37.7,37.4, 37.3,37.1, 37.0, 35.8, 35.8, 28.4, 28.3,
28.3, 28.1, 27.9, 27.3, 24.6, 24.1, 16.8. HRMS (ESI) exact mass calculated for Cz7H3sNs02

[M+H]+ m/z 462.2870, found m/z 462.2863.

5-(1-(((S)-1-((1r,4S)-4-Aminocyclohexane-1-carbonyl)piperidin-3-yl)methyl)-1H-benzo
[d]imidazol-2-yl)-1,3-dimethylpyridin-2(1H)-one 73

H,oN

N
({// q Chemical Formula: C,;H3;N50,
/ Molecular Weight: 433.55 amu
N N
O
N —

DIPEA (76 pL, 0.357 mmol) was added to a stirring solution of (1r,4r)-4-((tert-
butoxycarbonyl)amino)cyclohexane-1-carboxylic acid (36 mg, 0.149 mmol) and HATU (71

mg, 0.186 mmol) in DMF (0.5 mL) at RT. The reaction was stirred at RT under air for 10
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minutes, after which a solution of (R)-1,3-dimethyl-5-(1-(piperidin-3-ylmethyl)-1H-
benzo[d]imidazol-2-yl)pyridin-2(1H)-one 60 (50 mg, 0.149 mmol) in DMF (0.5 mL) was
added. The reaction mixture was stirred at RT under air for 1 h. The reaction mixture was
diluted with and partitioned between DCM (20 mL) and a 10% (by wt) aqueous solution of
lithium chloride (20 mL), and the phases were separated. The aqueous phase was further
extracted with DCM (20 mL). The combined organics were washed with a 10% (by wt)
aqueous solution of lithium chloride (2 x 20 mL), dried by passing through a hydrophobic frit,
and concentrated in vacuo. The crude mixture was dissolved in solution of hydrochloric acid
in 1,4—dioxane (4 M, 1 mL, 4 mmol). The reaction mixture was stirred at RT under air for 16
h. The reaction mixture was concentrated in vacuo. The residue was dissolved in 1:1
MeOH:DMSO (1 mL), and purified by EZ preparative HPLC, eluting with 15 —100% 10 mM
ammonium bicarbonate (agq)/MeCN. Fractions containing the desired product were combined
and extracted with DCM (2 x 20 mL). The combined organic phases were dried by passing
through a hydrophobic frit, and concentrated in vacuo to yield 5-(1-(((S)-1-((1r,4S)-4-
aminocyclohexane-1-carbonyl)piperidin-3-yl)methyl)-1H-benzo[d]imidazol-2-yl)-1,3-

dimethylpyridin-2(1H)-one 73 (2 mg, 4.12 umol, 3% yield) as a white solid. LCMS (HpH):
rt = 0.80 min [M+H]+ 462. 'H NMR (400 MHz, DMSO-ds): 8.09 — 8.18 (1H, m), 7.60 —
7.77 (3H, m), 7.18 — 7.32 (2H, m), 3.78 — 4.43 (3H, m), 3.50 — 3.65 (4H, m), 2.96 — 3.07 (1H,
m), 2.57 — 2.72 (1H, m), 2.31 — 2.42 (1H, m), 2.10 (3H, br. s), 1.63 — 1.98 (3H, m), 0.95 — 1.61

(10H, m), 0.63 — 0.93 (1H, m).

(S)-1,3-Dimethyl-5-(1-((1-(4-methylpiperazine-1-carbonyl)piperidin-3-yl)methyl)-1H-

benzo[d]imidazol-2-yl)pyridin-2(1H)-one 74
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o Chemical Formula: C,sH34NO,
/ Molecular Weight: 462.59 amu
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4-Methylpiperazine-1-carbonyl chloride (24 pL, 0.178 mmol) was added to a stirring solution
of (R)-1,3-dimethyl-5-(1-(piperidin-3-ylmethyl)-1H-benzo[d]imidazol-2-yl)pyridin-2(1H)-
one 60 (50 mg, 0.149 mmol) and DIPEA (76 pL, 0.446 mmol) in DCM (1 mL) at RT. The
reaction mixture was stirred at RT under air for 1 h. The residue was dissolved in 1:1
MeOH:DMSO (1 mL), and purified by EZ preparative HPLC, eluting with 0 — 100% 10 mM
ammonium bicarbonate (aq)/MeCN. Fractions containing the desired product were combined
and extracted with DCM (2 x 20 mL). The combined organic phases were dried by passing
through a hydrophobic frit, and concentrated in vacuo to yield (S)-1,3-dimethyl-5-(1-((1-(4-
methylpiperazine-1-carbonyl)piperidin-3-yl)methyl)-1H-benzo[d]imidazol-2-yl)pyridin-

2(1H)-one 74 (26 mg, 0.053 mmol, 36% vyield) as a white solid. LCMS (HpH): rt = 0.80 min
[M+H]+ 463. 'H NMR $(400 MHz, DMSO—-ds, VT): 7.88 - 8.03 (1H, m), 7.59 — 7.70 (2H,
m), 7.50 — 7.59 (1H, m), 7.17 — 7.30 (2H, m), 4.15 — 4.32 (2H, m), 3.59 (3H, s), 3.47 — 3.53
(1H, m), 3.35 — 3.43 (1H, m), 3.20 — 3.25 (3H, m), 3.14 — 3.20 (1H, m), 2.94 — 3.02 (3H, m),
2.67 — 2.75 (1H, m), 2.52 — 2.58 (1H, m), 2.10 — 2.17 (7H, m), 1.97 — 2.07 (1H, m), 1.50 —
1.68 (2H, m), 1.27 — 1.41 (1H, m), 1.09 — 1.22 (1H, m). 3C NMR &(101 MHz, DMSO-d6):
162.8,161.7,150.2,142.4,138.2, 136.6, 135.9, 127.8, 122.2, 121.9, 118.8, 111.0, 108.1, 54.0,
49.8, 48.5, 46.9, 46.7, 46.0, 45.6, 37.4, 36.1, 27.8, 23.8, 16.8. HRMS (ESI) exact mass
calculated for C2sH3sNsO2 [M+H]+ m/z 463.2822, found m/z 463.2820. vmax(solid): 3445,

2929, 2852, 2793, 1654, 1611, 1423 cm™.

(S)-5—(1—((1—(Azetidine—3—carbonyl)piperidin-3-yl)methyl)-1H-benzo[d]imidazol-2—

yl)-1,3—dimethylpyridin-2(1H)-one 75
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Chemical Formula: C,4H»oN50,
/

Molecular Weight: 419.52 amu

DIPEA (78 pL, 0.446 mmol) was added to a stirring solution of 1—(tert-
butoxycarbonyl)azetidine—3—carboxylic acid (30 mg, 0.149 mmol) and HATU (71 mg, 0.186
mmol) in DMF (0.5 mL) at RT. The reaction was stirred at RT under air for 10 minutes, after
which a solution of (R)-1,3—dimethyl-5—-(1—(piperidin—3-ylmethyl)-1H-benzo[d]imidazol-
2-yl)pyridin—2(1H)—one 60 (50 mg, 0.149 mmol) in DMF (0.5 mL) was added. The reaction
mixture was stirred for at RT under air for 16 h. LCMS analysis indicated incomplete
conversion to desired product. Additional 1—(tert-butoxycarbonyl)azetidine—3—carboxylic
acid (30 mg, 0.149 mmol) and HATU (71 mg, 0.186 mmol) were added, and the reaction
mixture stirred at RT under air for 4 h. The reaction mixture was diluted with and partitioned
between DCM (20 mL) and a 10% (by wt) aqueous solution of lithium chloride (20 ml), and
the phases were separated. The aqueous phase was further extracted with DCM (20 mL). The
combined organic phases were washed with 10% (by wt) aqueous solution of lithium chloride
(2 x 20 mL), dried by passing through a hydrophobic frit, and concentrated in vacuo to yield
tert-butyl (8)-3—(3—((2—(1,5-dimethyl-6—ox0-1,6—dihydropyridin—3—-yl)-1H-
benzo[d]imidazol-1-yl)methyl)piperidine-1—-carbonyl)azetidine—1—carboxylate (128 mg,
0.246 mmol) as a brown oil. This was used in the next reaction as a crude mixture. tert-Butyl
(S)-3—(3—((2—(1,5—-dimethyl-6—ox0-1,6—dihydropyridin—3-yl)-1H-benzo[d]imidazol-1—

yl)methyl)piperidine—1-carbonyl)azetidine—1—carboxylate (128 mg, 0.246 mmol) was
dissolved in a solution of hydrochloric acid 1,4-dioxane (4 M, 3 mL, 12 mmol). MeOH (1
mL) was added to aid solubility. The reaction mixture was stirred at RT under air for 4 h. The
reaction mixture was concentrated in vacuo. The residue was dissolved in 1:1 MeOH:DMSO
(1 mL) and purified by MDAP, using a solvent system of 10 mM ammonium bicarbonate

adjusted to pH 10 with ammonia in water (solvent A) and acetonitrile (solvent B). Fractions
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containing the desired product were combined and extracted with DCM (2 x 20 mL). The
combined organic phases were dried by passing through a hydrophobic frit, and concentrated
in vacuo to yield (S)-5—(1-((1-(azetidine—3—carbonyl)piperidin—3—yl)methyl)-1H-
benzo[d]imidazol-2-yl)-1,3-dimethylpyridin—2(1H)-one 75 (20 mg, 0.044 mmol, 30% yield)
as a yellow solid. LCMS (HpH): rt = 0.67 min, [M+H]+ 420. 'H NMR (400 MHz, DMSO-
ds, VT): 7.99 (1H, d, J = 2.4 Hz), 7.62 — 7.69 (2H, m), 7.55 — 7.60 (1H, m), 7.20 — 7.30 (2H,
m), 4.19 — 4.32 (2H, m), 3.63 — 3.69 (5H, m), 3.32 — 3.52 (3H, m), 2.70 — 2.93* overlapping
water peak (3H, integrates as 12H, m), 2.61 —2.70 (1H, m), 2.15 (3H, s), 1.85 - 2.00 (1H, m),
1.53 — 1.62 (2H, m), 1.12 — 1.34 (3H, m). 3C NMR 8(101 MHz, DMSO-d6): additional
peaks due to rotamers present. 170.0, 169.7, 161.8, 161.7, 150.3, 150.2, 142.4, 142.3, 138.3,
138.3, 136.7, 136.6, 135.9, 127.9, 127.8, 122.2, 122.0, 121.9, 118.8, 118.8, 111.0, 111.0,
108.1, 108.1, 48.4, 48.3, 48.2, 48.0, 47.7, 46.8, 46.7, 44.7, 44.3, 41.4, 37.4, 37.2, 35.9, 35.9,
35.8,27.7,27.5,24.4,24.0, 16.8. HRMS (ESI) exact mass calculated for C24aHzoNsO, [M+H]+
m/z 420.2400, found m/z 420.2395. vmax(solid): 3414, 2916, 2864, 1651, 1603, 1454, 1428

cm™.

1,3-Dimethyl-5-(1-(((S)-1-((S)-pyrrolidine-3-carbonyl)piperidin-3-yl)methyl)-1H-

benzo[d]imidazol-2-yl)pyridin-2(1H)-one 76

HNQ
(Z//Nq Chemical Formula: C,5H3;N50,
/ Molecular Weight: 433.55 amu
N N
@/*Cfo
N _
DIPEA (94 pL, 0.357 mmol) was added to a stirring solution of (S)-1-(tert-

butoxycarbonyl)pyrrolidine-3-carboxylic acid (40 mg, 0.184 mmol) and HATU (88 mg, 0.230

mmol) in DMF (0.5 mL) at RT. The reaction was stirred at RT under air for 10 minutes, after
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which a solution of (R)-1,3-dimethyl-5-(1-(piperidin-3-ylmethyl)-1H-benzo[d]imidazol-2-
yl)pyridin-2(1H)-one 60 (62 mg, 0.184 mmol) in DMF (0.5 mL) was added. The reaction
mixture was stirred at RT under air for 66 h. The reaction mixture was diluted with and
partitioned between DCM (20 mL) and a 10% (by wt) aqueous solution of lithium chloride
(20 mL), and the phases were separated. The aqueous phase was further extracted with DCM
(20 mL). The combined organics were washed with a 10% (by wt) aqueous solution of lithium
chloride (3 x 20 mL), dried by passing through a hydrophobic frit, and concentrated in vacuo.
The crude mixture was dissolved in solution of hydrochloric acid in 1,4—dioxane (4 M, 1 mL,
4 mmol). The reaction mixture was stirred at RT under air for 24 h. The reaction mixture was
concentrated in vacuo. The residue was dissolved in 1:1 MeOH:DMSO (1 mL), and purified
by EZ preparative HPLC, eluting with 0 — 100% 10 mM ammonium bicarbonate (aq)/MeCN.
Fractions containing the desired product were combined and extracted with DCM (2 x 30 mL).
The combined organic phases were dried by passing through a hydrophobic frit, and
concentrated in  vacuo to vyield  1,3-dimethyl-5-(1-(((S)-1-((S)-pyrrolidine-3-
carbonyl)piperidin-3-yl)methyl)-1H-benzo[d]imidazol-2-yl)pyridin-2(1H)-one (22 mg, 0.048
mmol, 26% yield) as a pale yellow solid. LCMS (HpH): rt = 0.77 min [M+H]+ 434. 'H NMR
(400 MHz, DMSO-ds, VT) ppm: 7.90 — 8.07 (1H, m), 7.61 — 7.69 (2H, m), 7.55 — 7.60 (1H,
m), 7.19 — 7.29 (2H, m), 4.16 — 4.36 (2H, m), 3.83 — 3.98 (1H, m), 3.69 — 3.80 (1H, m), 3.59
(3H, s), 2.65 — 2.93* overlapping water peak (7H, integrates as 12H, m), 2.14 (3H, s), 1.86 —
2.00 (1H, m), 1.67 — 1.80 (2H, m), 1.52 - 1.64 (2H, m), 1.14 — 1.34 (3H, m). 3C NMR §(101
MHz, DMSO-d6): additional peaks due to rotamers present 172.2, 171.9, 161.7, 150.4,
150.2, 142.4, 138.3, 138.2, 136.7, 136.6, 135.9, 135.8, 127.8, 122.2, 121.9, 121.9, 118.8,
111.0, 108.1, 50.6, 50.3, 48.5, 48.1, 47.0, 46.7, 45.2, 44.5, 41.7, 40.7, 40.5, 37.3, 37.3, 36.0,
30.1, 30.0, 27.8, 27.4, 24.5, 24.0, 16.8. HRMS (ESI) exact mass calculated for CsH32N50-
[M+H]+ m/z 434.2557, found m/z 434.2560. vmax(solid): 3418, 2924, 2852, 1654, 1607, 1426

cm™,
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5-(1-(((3S)-1-(Azepane-4-carbonyl)piperidin-3-yl)methyl)-1H-benzo[d]imidazol-2-yl)-

1,3-dimethylpyridin-2(1H)-one 77a and 77b

HN
N
Chemical Formula: C,;H35N50,
O / :

Molecular Weight: 433.55 amu
N />‘</:N<¥O
N _

DIPEA (78 pL, 0.446 mmol) was added to a stirring solution of 1-(tert-
butoxycarbonyl)azepane-4-carboxylic acid (36 mg, 0.149 mmol) and HATU (71 mg, 0.230
mmol) in DMF (0.5 mL) at RT. The reaction was stirred at RT under air for 10 minutes, after
which a solution of (R)-1,3-dimethyl-5-(1-(piperidin-3-ylmethyl)-1H-benzo[d]imidazol-2-
yl)pyridin-2(1H)-one 60 (62 mg, 0.184 mmol) in DMF (0.5 mL) was added. The reaction
mixture was stirred at RT under air for 1 h. The reaction mixture was diluted with and
partitioned between DCM (20 mL) and a 10% (by wt) aqueous solution of lithium chloride
(20 mL), and the phases were separated. The aqueous phase was further extracted with DCM
(20 mL). The combined organics were washed with a 10% (by wt) agueous solution of lithium
chloride (2 x 20 mL), dried by passing through a hydrophobic frit, and concentrated in vacuo
to give a brown oil. The crude mixture was dissolved in solution of hydrochloric acid in 1,4
dioxane (4 M, 3 mL, 12 mmol). MeOH (1 mL) was added to aid solubility. The reaction
mixture was stirred at RT under air for 1 h. The reaction mixture was concentrated in vacuo.
The residue was dissolved in 1:1 MeOH:DMSO (1 mL), and purified by MDAP using a
solvent system of 10 mM ammonium bicarbonate adjusted to pH 10 with ammonia in water
(solvent A) and acetonitrile (solvent B). Fractions containing the desired product were
combined and extracted with DCM (2 x 20 mL). The combined organic phases were dried by
passing through a hydrophobic frit, and concentrated in vacuo to yield 5-(1-(((3S)-1-(azepane-
4-carbonyl)piperidin-3-yl)methyl)-1H-benzo[d]imidazol-2-yl)-1,3-dimethylpyridin-2(1H)-

one (38 mg, 51% yield). This diastereomeric mixture was purified by chiral chromatography,
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eluting with 3:1 heptane:ethanol with 0.2% isopropylamine modifier to yield 5-(1-(((3S)-1-
(azepane-4-carbonyl)piperidin-3-yl)methyl)-1H-benzo[d]imidazol-2-yl)-1,3-

dimethylpyridin-2(1H)-one 77a (unknown diastereoisomer, 8 mg, 0.016 mmol, 11% vyield)
and  5-(1-(((3S)-1-(azepane-4-carbonyl)piperidin-3-yl)methyl)-1H-benzo[d]imidazol-2-yI)-
1,3-dimethylpyridin-2(1H)-one 77b (unknown diasterecisomer, 8 mg, 0.016 mmol, 11%
yield). LCMS (HpH): rt = 0.81 min [M+H]+ 462. 'H NMR (400 MHz, DMSO-ds, VT):
7.91 - 8.05 (1H, m), 7.61 — 7.68 (2H, m), 7.56 — 7.61 (1H, m), 7.20 — 7.31 (2H, m), 4.19 —
4.34 (2H, m), 3.82 —3.98 (1H, m), 3.63 — 3.76 (1H, m), 3.59 (3H, s), 2.54 — 2.90* overlapping
water peak (7H, integrates as 19H, m), 2.14 (3H, s), 1.87 — 2.04 (1H, m), 1.46 — 1.67 (7H, m),
1.15 — 1.37 (4H, m). LCMS (HpH): rt = 0.81 min [M+H]+ 462. 'H NMR $(400 MHz,
DMSO-ds, VT): 7.87 — 8.07 (1H, m), 7.61 — 7.69 (2H, m), 7.52 — 7.61 (1H, m), 7.15 — 7.34
(2H, m), 4.16 — 4.35 (2H, m), 3.81 — 3.97 (1H, m), 3.63 — 3.72 (1H, m), 3.59 (3H, s), 2.53 —
2.91* overlapping water peak (7H, integrates as 19H, m), 2.14 (3H, s), 1.88 — 2.00 (1H, m),

1.48 - 1.70 (7H, m), 1.14 — 1.41 (4H, m).

5-(2-(((S)-1-((2r,3S)-3-Aminocyclobutane-1-carbonyl)piperidin-3-yl)methyl)-1H-

benzo[d]imidazol-2-yl)-1,3-dimethylpyridin-2(1H)-one 78

H,N

(Z//Nq Chemical Formula: CsH3{N5O,
/ Molecular Weight: 433.55 amu
N N
P /*C{:O
N _
DIPEA (76 pL, 0.357 mmol) was added to a stirring solution of (1r,3r)-3-((tert-

butoxycarbonyl)amino)cyclobutane-1-carboxylic acid (32.0 mg, 0.149 mmol) and HATU (71

mg, 0.186 mmol) in DMF (0.5 mL) at RT. The reaction was stirred at RT under air for 5
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minutes, after which a solution of (R)-1,3-dimethyl-5-(1-(piperidin-3-ylmethyl)-1H-
benzo[d]imidazol-2-yl)pyridin-2(1H)-one 60 (50 mg, 0.149 mmol) in DMF (0.5 mL) was
added. The reaction mixture was stirred at RT under air for 0.5 h. The reaction mixture was
diluted with and partitioned between DCM (20 mL) and a 10% (by wt) aqueous solution of
lithium chloride (20 mL), and the phases were separated. The aqueous phase was further
extracted with DCM (20 mL). The combined organics were washed with a 10% (by wt)
aqueous solution of lithium chloride (3 x 20 mL), dried by passing through a hydrophobic frit,
and concentrated in vacuo to yield a brown oil. The crude mixture was dissolved in solution
of hydrochloric acid in 1,4—dioxane (4 M, 1 mL, 4 mmol). The reaction mixture was stirred at
RT under air for 16 h. The reaction mixture was concentrated in vacuo. The residue was
dissolved in 1:1 MeOH:DMSO (2 mL), and purified by EZ preparative HPLC, eluting with 15
—100% 10 mM ammonium bicarbonate (ag)/MeCN. Fractions containing the desired product
were combined and extracted with DCM (2 x 20 mL). The combined organic phases were
dried by passing through a hydrophobic frit, and concentrated in vacuo to yield 5-(1-(((S)-1-
((1r,3S)-3-aminocyclobutane-1-carbonyl)piperidin-3-yl)methyl)-1H-benzo[d]imidazol-2-yl)-
1,3-dimethylpyridin-2(1H)-one 78 (23 mg, 0.050 mmol, 34% yield) as a white solid. LCMS
(HpH): rt = 0.75 min, [M+H]+ 434. 'H NMR §(400 MHz, DMSO-dg, VT): 7.97 — 8.00 (1H,
m), 7.63 — 7.68 (2H, m), 7.55 — 7.59 (1H, m), 7.20 — 7.29 (2H, m), 4.18 — 4.31 (2H, m), 3.66
—3.85(1H, m), 3.59 (3H, s), 3.27 —3.36 (1H, m), 2.94 - 3.04 (1H, m), 2.70 — 2.91* overlapping
water peak (3H, integrates as 5H, m), 2.62 — 2.69 (1H, m), 2.26 — 2.35 (1H, m), 2.17 — 2.25
(1H, m), 2.14 (3H, s), 1.85 — 1.97 (1H, m), 1.60 — 1.75 (2H, m), 1.51 — 1.60 (2H, m), 1.31 —
1.33 (1H, m), 1.12 — 1.31 (2H, m). **C NMR §(101 MHz, DMSO-d6): additional peaks due
to rotamers present 172.3,171.9, 161.7, 150.2, 142.4, 142.3, 138.3, 136.7, 136.6, 136.0, 135.8,
127.9, 127.8, 122.2, 121.9, 118.8, 111.0, 108.1, 48.5, 47.8, 46.7, 45.1, 44.9, 44.8, 44.4, 415,
37.3,37.3,35.9,35.4,35.1, 35.1, 34.7, 30.2, 30.0, 27.9, 27.4, 24.2, 24.1, 16.8. HRMS (ESI)
exact mass calculated for CzsHszpNsO, [M+H]+ m/z 434.2557, found m/z 434.2559.

vmax(solid): 3355, 2928, 2852, 1652, 1607, 1455 cm™,
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5-(1-(((S)-1-((1S,39)-3-Aminocyclopentane-1-carbonyl)piperidin-3-yl)methyl)-1H-

benzo[d]imidazol-2-yl)-1,3-dimethylpyridin-2(1H)-one 79

H2N~G

5 —N

/e
° N N/
L /*QO
o

DIPEA (76 pL, 0.357 mmol) was added to a stirring solution of (1S,3S)-3-((tert-

Chemical Formula: C,4H33N50,
Molecular Weight: 433.55 amu

butoxycarbonyl)amino)cyclopentane-1-carboxylic acid (34 mg, 0.149 mmol) and HATU (71
mg, 0.186 mmol) in DMF (0.5 mL) at RT. The reaction was stirred at RT under air for 5
minutes, after which a solution of (R)-1,3-dimethyl-5-(1-(piperidin-3-ylmethyl)-1H-
benzo[d]imidazol-2-yl)pyridin-2(1H)-one 60 (50 mg, 0.149 mmol) in DMF (0.5 mL) was
added. The reaction mixture was stirred at RT under air for 1 h. The reaction mixture was
diluted with and partitioned between DCM (20 mL) and a 10% (by wt) aqueous solution of
lithium chloride (20 mL), and the phases were separated. The aqueous phase was further
extracted with DCM (20 mL). The combined organics were washed with a 10% (by wt)
aqueous solution of lithium chloride (3 x 20 mL), dried by passing through a hydrophobic frit,
and concentrated in vacuo to yield a brown oil. The crude mixture was dissolved in solution
of hydrochloric acid in 1,4—dioxane (4 M, 1 mL, 4 mmol). The reaction mixture was stirred at
RT under air for 16 h. The reaction mixture was concentrated in vacuo. The residue was
dissolved in 1:1 MeOH:DMSO (2 mL), and purified by EZ preparative HPLC, eluting with 15
—100% 10 mM ammonium bicarbonate (ag)/MeCN. Fractions containing the desired product
were combined and extracted with DCM (2 x 20 mL). The combined organic phases were
dried by passing through a hydrophobic frit, and concentrated in vacuo to yield 5-(1-(((S)-1-
((1S,3S)-3-aminocyclopentane-1-carbonyl)piperidin-3-yl)methyl)-1H-benzo[d]imidazol-2-

yl)-1,3-dimethylpyridin-2(1H)-one 79 (29 mg, 0.062 mmol, 41% yield) as a white solid.

LCMS (HpH): rt = 0.78 min [M+H]+ 448. 'H NMR &(400 MHz, DMSO-dg, VT): 7.95 —
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8.02 (1H, m), 7.61 — 7.69 (2H, m), 7.53 — 7.60 (1H, m), 7.25 (2H, ), 4.18 — 4.34 (2H, m), 3.84
—3.97 (1H, m), 3.69 — 3.77 (1H, m), 3.59 (3H, s), 3.25 — 3.33 (1H, m), 2.90 — 3.02 (1H, m),
2.64 — 2.88*overlapping water peak (3H, integrates as 5H, m), 2.52 — 2.55 (1H, m), 2.14 (3H,
s), 1.86 — 1.99 (1H, m), 1.67 — 1.84 (3H, m), 1.53 — 1.66 (3H, m), 1.17 — 1.34 (4H, m). *C
NMR 4(101 MHz, DMSO-d6): additional peaks due to rotamers present 173.2,172.9, 161.8,
150.4, 150.3, 142.4, 138.3, 136.7, 135.9, 135.8, 127.9, 127.8, 122.2, 122.2, 121.9, 121.9,
118.8,111.1, 111.0, 108.1, 52.4, 48.5, 48.1, 46.8, 45.2, 44.5, 41.6, 40.4, 38.4, 38.3, 37.4, 37.3,
35.9, 35.2, 35.1, 27.9, 275, 27.4, 27.1, 24.6, 24.5, 24.1, 16.8. HRMS (ESI) exact mass
calculated for CH3aNsO, [M+H]+ m/z 448.2713, found m/z 448.2713. vmax(solid): 3449,

2936, 2852, 1738, 1664, 1607, 1428 cm™.

N-(4-Cyanophenyl)-4-nitrobenzenesulfonamide 82

S
Chemical Formula: C;3HgN3;0,4S
Molecular Weight: 303.29 amu

4-Aminobenzonitrile 80 (267 mg, 2.256 mmol) was added to a stirring solution of 4-
nitrobenzenesulfonyl chloride 81 (500 mg, 2.256 mmol) and pyridine (0.182 mL, 2.256 mmol)
DCM (10 mL) at RT. The reaction mixture was stirred at RT under air for 72 h. The reaction
mixture was diluted with and partitioned between DCM (20 mL) and brine (20 mL), and the
phases were separated. The organics were dried by passing through a hydrophobic frit, and
concentrated in vacuo. The crude material was then purified by normal phase chromatography,

eluting with 0 — 50% EtOAc in cyclohexane over 17 CV. Fractions containing the desired
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product were concentrated in vacuo to yield N-(4-cyanophenyl)-4-nitrobenzenesulfonamide
82 (464 mg, 1.453 mmol, 64% vyield) as a pale yellow solid. LCMS (HpH): rt = 0.69 min [M-
H]+ 302. '"H NMR (400 MHz, DMSO-dg): 11.31 (1H, s), 8.39 (2H, d, J = 9.0 Hz), 8.05 —

8.10 (2H, m), 7.71 - 7.75 (2H, m), 7.25 — 7.30 (2H, m).

(E)-N-(4-Cyanophenyl)-4-((4-hydroxy-3,5-dimethylphenyl)diazenyl)

benzenesulfonamide MS611 13

N=N Chemical Formula: C»;H;gN,O3S

:<< Molecular Weight: 406.46 amu
HO

Ammonium chloride (368 mg, 6.88 mmol) and iron (231 mg, 4.13 mmol) were added to a
solution of N-(4-cyanophenyl)-4-nitrobenzenesulfonamide 82 (464 mg, 1.377 mmol) in
MeOH (4 mL) and water (4 mL) at RT. The reaction mixture was stirred at 70 °C under a
nitrogen atmosphere for 18 h. After cooling, the reaction mixture was filtered through Celite®,
washing through with acetone (100 mL). The filtrate was concentrated in vacuo. The residue
was dissolved in acetone, causing a white precipitate. The filtrate was decanted and
concentrated in vacuo. It was attempted to purify the crude product by reverse phase
chromatography. The crude mixture was dissolved in 1:1 DMSO:MeOH, but was not fully
soluble. To remove the DMSO, the crude mixture was dissolved with DCM (2 x 30 mL) and
washed with brine (2 x 30 mL). The organic phase was dried by passing through a hydrophobic
frit, and concentrated in vacuo. The residue was dissolved in DMF (1 mL) and purified by
reverse phase chromatography, eluting with 5 — 30% 10mM ammonium bicarbonate
(ag)/MeCN. Fractions containing the desired product were combined and extracted with DCM

(2 x 20 mL) and 4:1 CHCIz:IPA (3 x 50 mL). The combined organic phases were dried by
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passing through a hydrophobic frit, and concentrated in vacuo to yield 4-amino-N-(4-
cyanophenyl)benzenesulfonamide 83 (181 mg, 0.497 mmol) as yellow oil. This product was
taken forward crude to the next step. 4-Amino-N-(4-cyanophenyl)benzenesulfonamide 83 (65
mg, 0.178 mmol) and hydrochloric acid (33 pL, 1.070 mmol) and were dissolved in MeOH
(0.8 mL) and water (0.8 mL). The reaction mixture was stirred at 0 °C under a nitrogen
atmosphere for 15 min. Isoamyl nitrite (24 uL, 0.178 mmol) was then added dropwise, and the
reaction mixture was stirred at 0 °C under a nitrogen atmosphere for 50 minutes. In a separate
flask, potassium carbonate (148 mg, 1.070 mmol) and 2,6-dimethylphenol (24 mg, 0.196
mmol) were dissolved in water (0.8 mL) and MeOH (0.1 mL). This reaction mixture was
cooled to 0 °C and stirred under a nitrogen atmosphere for 15 min. After this time, the first
yellow coloured diazonium solution was added dropwise to the solution of phenol over 15
min, resulting in a bright red solution. The reaction mixture was stirred at 0 °C under a nitrogen
atmosphere for 15 min. The reaction mixture was acidified to pH 1 by addition of aqueous
hydrochloric acid (2 M, 3 mL, 6 mmol), resulting in a red precipitate. This was filtered under
vacuum and dried in a vacuum oven for 16 h to yield (E)-N-(4-cyanophenyl)-4-((4-hydroxy-
3,5-dimethylphenyl)diazenyl)benzenesulfonamide MS611 13 (35 mg, 0.077 mmol, 6% yield)
as a red-orange solid. LCMS (HpH): rt = 0.80 min, [M+H]+ 407. 'H NMR §(400 MHz,
MeOD): 7.94 — 8.00 (2H, m), 7.87 — 7.92 (2H, m), 7.57 — 7.62 (4H, m), 7.28 — 7.32 (2H, m),

2.25-2.31 (6H, m).*

(S)-5-(1—((1—(Cyclohexanecarbonyl)piperidin—-3—yl)methyl)-1H-benzo[d]imidazol-2—

yD)—-1,3—dimethylpyridin—2(1H)—one 84

?rN
4 q Chemical Formula: C,;H34N,40,
/ Molecular Weight: 446.58 amu
N J N
/ @)
N —
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DIPEA (78 pL, 0.446 mmol) was added to a stirring solution of cyclohexanecarboxylic acid
(19 mg, 0.149 mmol) and HATU (71 mg, 0.186 mmol) in DMF (0.5 mL) at RT. The reaction
mixture was stirred at RT under air for 10 minutes, after which a solution of (R)-1,3—dimethyl—
5—(1—(piperidin—3—ylmethyl)-1H-benzo[d]imidazol-2—yl)pyridin—2(1H)-one 60 (50 mg,
0.149 mmol) in DMF (0.5 mL) was added. The reaction mixture was stirred at RT under air
for 1 h. The reaction mixture was diluted with and partitioned between 4:1 CHCIs:IPA (20
mL) and a 5% (by wt) aqueous solution of lithium chloride (20 mL), and the phases were
separated. The aqueous phase was further extracted with 4:1 CHCI; (2 x 20 mL). The
combined organic phases were washed with brine (2 x 20 mL), dried by passing through a
hydrophobic frit, and concentrated in vacuo. The residue was dissolved in 1:1 MeOH:DMSO
(ImL) and purified by MDAP using a solvent system of 10 mM ammonium bicarbonate
adjusted to pH 10 with ammonia in water (solvent A) and acetonitrile (solvent B). Fractions
containing the desired product were combined and extracted with DCM (2 x 40 mL). The
combined organic phases were dried by passing through a hydrophobic frit, and concentrated
in vacuo to yield (S)-5—(1—((1—(cyclohexanecarbonyl)piperidin—3—yl)methyl)—1H-
benzo[d]imidazol-2—yl)-1,3—dimethylpyridin—2(1H)—one 84 (28 mg, 0.060 mmaol, 40% yield)
as a yellow gum. LCMS (HpH): rt = 1.00 min, [M+H]+ 447. 'H NMR &(400 MHz, DMSO-
ds, VT): 7.98 (1H, d, J = 2.4 Hz), 7.61 — 7.68 (2H, m), 7.55 — 7.60 (1H, m), 7.19 — 7.30 (2H,
m), 4.20 — 4.32 (2H, m), 3.89 (1H, br. d, J = 13.0 Hz), 3.64 (1H, br. d, J = 12.7 Hz), 3.59 (3H,
s), 3.47 — 3.54 (1H, m), 2.69 (1H, dd, J = 13.0, 10.0 Hz), 2.21 — 2.31 (1H, m), 2.14 (3H, s),
1.87-1.98 (1H, m), 1.37 —1.71 (7H, m), 1.09 — 1.37 (7H, m) 3C NMR &(176 MHz, DMSO-
d6): additional peaks due to rotamers present 173.2, 172.7, 161.7, 150.4, 150.3, 142.4, 138.3,
138.3, 136.7, 136.7, 136.6, 135.8, 127.9, 127.8, 122.2, 122.0, 121.9, 118.9, 118.8, 111.1,
111.0, 108.2, 108.1, 48.0, 46.8, 46.6, 45.1, 44.2, 41.4, 37.7, 37.4, 37.3, 35.7, 29.1, 29.0, 29.0,
28.9, 28.8, 27.9, 27.3, 25.5, 25.4, 25.1, 25.0, 25.0, 24.6, 24.1, 16.8. HRMS (ESI) exact mass
calculated for C;H3sN4O, [M+H]+ m/z 447.2761, found m/z 447.2756. vmax(solid): 3440,

2921, 2848, 1656, 1610, 1452, 1427 cm™.
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(S)-1,3-Dimethyl-5—(1-((1-(tetrahydro—2H-pyran—4—carbonyl)piperidin—3—

yl)methyl)-1H-benzo[d]imidazol-2—yl)pyridin—2(1H)—one 85

0]
%Nq
o Chemical Formula: CycH;3,N,O5
/ Molecular Weight: 448.56 amu
N N
LG
N —

DIPEA (78 pL, 0.446 mmol) was added to a stirring solution of tetrahydro—2H-pyran—4—
carboxylic acid (19 mg, 0.149 mmol) and HATU (71 mg, 0.186 mmol) in DMF (0.5 mL) at
RT. The reaction was stirred at RT under air for 10 minutes, after which a solution of (R)-1,3—
dimethyl-5—(1—(piperidin—3—ylmethyl)-1H-benzo[d]imidazol-2—yl)pyridin—2(1H)-one 60
(50 mg, 0.149 mmol) in DMF (0.5 mL) was added. The reaction mixture was stirred at RT
under air for 1 h. The reaction mixture was diluted with and partitioned between 4:1
CHCI3:IPA (20 mL) and a 5% (by wt) aqueous solution of lithium chloride (20 mL), and the
phases were separated. The aqueous phase was further extracted with 4:1 CHCI; (2 x 20 mL).
The combined organic phases were washed with brine (2 x 20 mL), dried by passing through
a hydrophobic frit, and concentrated in vacuo. The residue was dissolved in 1:1 MeOH:DMSO
(Aml) and purified by MDAP using a solvent system of 10 mM ammonium bicarbonate
adjusted to pH 10 with ammonia in water (solvent A) and acetonitrile (solvent B). Fractions
containing the desired product were combined and extracted with DCM (2 x 40 mL). The
combined organic phases were dried by passing through a hydrophobic frit, and concentrated
in vacuo to yield (S)-1,3—dimethyl-5—(1—((1—(tetrahydro—2H-pyran—4—carbonyl)piperidin—
3—ylmethyl)-1H-benzo[d]imidazol-2—yl)pyridin—2(1H)—one 85 (29 mg, 0.061 mmol, 41%
yield) as a yellow solid. LCMS (HpH): rt = 0.79 min, [M+H]+ 449. "H NMR $(400 MHz,
DMSO-ds, VT): 7.99 (1H, d, J = 2.2 Hz), 7.62 — 7.68 (2H, m), 7.56 — 7.61 (1H, m), 7.20 —

7.29 (2H, m), 4.20 — 4.34 (2H, m), 3.92 (1H, br. d, J = 12.7 Hz), 3.71 — 3.83 (2H, m), 3.67
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(1H, br. d, J = 12.0 Hz), 3.59 (3H, s), 3.17 — 3.32 (3H, m), 2.76 — 2.88* overlapping water
peak (1H, integrates for 6H, m), 2.66 — 2.74 (1H, m), 2.14 (3H, s), 1.88 — 2.01 (1H, m), 1.45
—1.64 (4H, m), 1.36 — 1.44 (1H, m), 1.14 — 1.32 (3H, m). 3C NMR (176 MHz, DMSO-d6):
additional peaks due to rotamers present 172.0, 171.4, 161.7, 150.6, 150.3, 142.4, 138.4,
138.3, 136.7, 136.7, 135.8, 135.8, 127.9, 127.8, 122.2, 122.0, 121.9, 118.9, 118.8, 111.2,
111.0, 108.1, 108.0, 66.1, 66.0, 47.8, 46.8, 46.7, 45.0, 44.4, 41.5, 37.7, 37.3, 36.4, 36.3, 35.8,
28.9, 28.8, 28.8, 28.6, 27.8, 27.3, 24.7, 24.1, 16.8. HRMS (ESI) exact mass calculated for
Ca6H33N4O3 [M+H]+ m/z 449.2553, found m/z 449.2546. vmax(solid): 2921, 2848, 1652, 1607,

1454 cm™.

5-(1-(((S)-1-((1r,4S)-4-Hydroxycyclohexane-1-carbonyl)piperidin-3-yl)methyl)-1H-

benzo[d]imidazol-2-yl)-1,3-dimethylpyridin-2(1H)-one 86
HO,

0

" N

r
0 N N/
CC /*Qo
o

DIPEA (61 pL, 0.357 mmol) was added to a stirring solution of trans-(1r,4r)-4-

Chemical Formula: C,;H;34,N,O3
Molecular Weight: 462.58 amu

hydroxycyclohexanecarboxylic acid (17 mg, 0.119 mmol) and HATU (57 mg, 0.149 mmol)
in DMF (0.5 mL) at RT. The reaction was stirred at RT under air for 10 minutes, after which
a solution of (R)-1,3-dimethyl-5-(1-(piperidin-3-ylmethyl)-1H-benzo[d]imidazol-2-
yl)pyridin-2(1H)-one 60 (40 mg, 0.119 mmol) in DMF (0.5 mL) was added. The reaction
mixture was stirred at RT under air for 1 h. The reaction mixture was diluted with and
partitioned between EtOAc (20 mL) and a 10% (by wt) aqueous solution of lithium chloride
(20 mL), and the phases were separated. The agueous phase was further extracted with EtOAc

(2 x 20 mL), and DCM (30 mL). The combined organics were dried by passing through a
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hydrophobic frit, and concentrated in vacuo. The residue was dissolved in 1:1 MeOH:DMSO
(2 mL), and purified by EZ preparative HPLC, eluting with 15 — 100% 10 mM ammonium
bicarbonate (ag)/MeCN. Fractions containing the desired product were combined and
extracted with DCM (2 x 20 mL). The combined organic phases were dried by passing through
a hydrophobic frit, and concentrated in vacuo to vyield 5-(1-(((S)-1-((1r,4S)-4-
hydroxycyclohexane-1-carbonyl)piperidin-3-yl)methyl)-1H-benzo[d]imidazol-2-yI)-1,3-

dimethylpyridin-2(1H)-one 86 (26 mg, 0.053 mmol, 45% yield) as a white solid. LCMS
(HpH): rt = 0.76 min [M+H]+ 463. 'H NMR (400 MHz, DMSO—ds, VT): 7.98 (1H, d, J =
2.4 Hz), 7.62 — 7.68 (2H, m), 7.55 — 7.60 (1H, m), 7.19 — 7.30 (2H, m), 4.20 — 4.32 (2H, m),
3.85 — 3.95 (1H, m), 3.61 — 3.70 (1H, m), 3.59 (3H, s), 3.29 — 3.38 (1H, m), 2.75 — 2.87*
overlapping water peak (1H, integrates as 4H, m), 2.66 — 2.74 (1H, m), 2.15 — 2.26 (1H, m),
2.14 (3H,s), 1.88 — 1.99 (1H, m), 1.74 — 1.86 (2H, m), 1.00 — 1.63 (11H, m). **C NMR 5(101
MHz, DMSO-d6): additional peaks due to rotamers present 172.5, 161.7, 150.3, 142.4,
138.2, 136.7, 136.6, 135.8, 127.8, 122.2, 121.9, 121.9, 118.8, 118.8, 111.0, 108.1, 68.4, 68.3,
48.5,47.9,47.9,46.8,46.6,45.1,44.2,41.4,38.4,37.6, 37.3,35.7,34.6, 34.5, 27.8, 27.4, 24.6,
24.1, 16.8. HRMS (ESI) exact mass calculated for C,7H3sN4O3 [M+H]+ m/z 463.2710, found

m/z 463.2708. vmax(solid): 3380, 2928, 2856, 1654, 1606, 1453 cm™.

(S)-5-(1—-((1—(1-Acetylpiperidine—4—carbonyl)piperidin—3-yl)methyl)-1H-

benzo[d]imidazol-2-yl)-1,3—-dimethylpyridin—2(1H)-one 87

N
N
Chemical Formula: CygH35N5O5
/

Molecular Weight: 489.61 amu
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DIPEA (39 pL, 0.223 mmol) was added to a solution of 1-acetylpiperidine—4—carboxylic acid
(13 mg, 0.074 mmol) and HATU (35 mg, 0.093 mmol) in DMF (0.5 mL) at RT. The reaction
mixture was stirred at RT under air for 10 minutes, after which a solution of (R)-1,3—-dimethyl-
5—(1—(piperidin—3-ylmethyl)-1H-benzo[d]imidazol-2-yl)pyridin—2(1H)-one 60 (25 mg,
0.074 mmol) in DMF (0.5 mL) was added. The reaction mixture was stirred at RT under air
for 66 h. The reaction mixture was dissolved in and partitioned between DCM (20 mL) and a
10% (by wt) aqueous solution of lithium chloride (20 mL), and the phases were separated. The
aqueous phase was further extracted with DCM (20 mL). The combined organic phases were
washed with a 10% (by wt) aqueous solution of lithium chloride (3 x 20 mL), dried by passing
through a hydrophobic frit, and concentrated in vacuo. The residue was dissolved in 1:1
MeOH:DMSO (1 mL) and purified by EZ preparative HPLC, eluting with 15 — 100% 10 mM
ammonium bicarbonate (ag)/MeCN. Fractions containing the desired product were combined
and extracted with DCM (2 x 20 mL). The combine organic phases were dried by passing
through a hydrophobic frit, and concentrated in vacuo to yield (S)-5—(1—((1-(1-
acetylpiperidine—4—carbonyl)piperidin—3-yl)methyl)-1H-benzo[d]imidazol-2—yl)-1,3—

dimethylpyridin—2(1H)—one 87 (19 mg, 0.036 mmol, 49% vyield) as a white solid. LCMS
(HpH): rt = 0.76 min, [M+H]+ 490. *"H NMR §(400 MHz, DMSO—dg, VT): *H NMR (400
MHz, DMSO-ds) 8 ppm 7.99 (1H, d, J = 2.2 Hz), 7.62 — 7.70 (2H, m), 7.55 — 7.62 (1H, m),
7.16 —7.32 (2H, m), 4.20 — 4.35 (2H, m), 3.86 — 4.07 (3H, m), 3.64 — 3.75 (1H, m), 3.60 (3H,
s), 2.67 — 2.91* overlapping H-O peak (3H, integrates as 8H, m), 2.53 — 2.63 (1H, m), 2.15
(3H, s), 1.87 — 2.00 (4H, m), 1.14 — 1.65 (9H, m). 3C NMR §(176 MHz, DMSO-d6):
additional peaks due to rotamers present. 172.0, 171.5, 167.8, 161.7, 150.4, 142.5, 142.4,
138.4, 138.3, 136.7, 136.7, 135.8, 135.8, 135.7, 127.9, 127.8, 127.8, 122.3, 122.2, 122.0,
122.0, 121.9, 118.9, 118.8, 111.2, 111.0, 111.0, 108.1, 108.0, 108.0, 48.5, 47.9, 46.8, 46.7,
46.7,45.1,45.1,45.0,44.9,44.4,44.3,41.6,41.5, 40.2, 40.1, 37.7, 37.5,37.4,37.3, 37.2, 37 .2,
37.0,35.9,35.7,28.7, 28.6, 28.5, 28.5, 28.1, 27.9, 27.8, 27.8, 27.4,28.0, 24.7, 24.6, 24.1, 21.2,

21.2, 16.8. vmax(solid): 3398, 2916, 2853, 1654, 1606, 1428 cm™.
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(S)-5-(1-((2-(1-(2-Fluoroethyl)piperidine-4-carbonyl)piperidin-3-yl)methyl)-1H-
benzo[d]imidazol-2-yl)-1,3-dimethylpyridin-2(1H)-one 88

FH,C\
N

%/Nq Chemical Formula: C,gH;¢FN5O,
©iN/ y N/ ] Molecular Weight: 493.62 amu
O

1-Bromo-2-fluoroethane (13 pL, 0.181 mmol) was added to a stirring solution of sodium
hydride (60% by wt dispersion in oil) (7 mg, 0.181 mmol) and (S)-1,3-dimethyl-5-(1-((1-
(piperidine-4-carbonyl)piperidin-3-yl)methyl)-1H-benzo[d]imidazol-2-yl)pyridin-2(1H)-one
70 (54 mg, 0.121 mmol) in DMF (1 mL) at RT under a nitrogen atmosphere. The reaction
mixture was stirred at RT under a nitrogen atmosphere for 0.5 h. LCMS analysis showed
incomplete conversion to desired product. Additional sodium hydride (60% by wt dispersion
in oil) (7 mg, 0.181 mmol) and 1-bromo-2-fluoroethane (13 pyL, 0.181 mmol) were added.
The reaction mixture was stirred at 60 °C under a nitrogen atmosphere for 1 h. The reaction
mixture was quenched by addition of MeOH (1 mL), and concentrated in vacuo. The residue
was dissolved in 1:1 MeOH:DMSO (2 mL), and purified by EZ preparative HPLC, eluting
with 0-100% 10mM ammonium bicarbonate (aq)/MeCN. Fractions containing the desired
product were combined and extracted with DCM (2 x 20 mL). The combined organic phases
were dried by passing through a hydrophobic frit, and concentrated in vacuo to yield (S)-5-(1-
((1-(2-(2-fluoroethyl)piperidine-4-carbonyl)piperidin-3-yl)methyl)-1H-benzo[d]imidazol-2-
yl)-1,3-dimethylpyridin-2(1H)-one 88 (22 mg, 0.042 mmol, 35% yield) as a white solid.
LCMS (HpH): rt = 0.84 min [M+H]+ 494. 'H NMR $(400 MHz, DMSO—-ds, VT): 7.96 —
8.00 (1H, m), 7.62 — 7.68 (2H, m), 7.55 — 7.61 (1H, m), 7.19 — 7.30 (2H, m), 4.52 —
4.58 (1H, m), 4.40 — 4.45 (1H, m), 4.19 — 4.34 (2H, m), 3.84 — 3.98 (1H, m), 3.61 —

3.70 (1H, m), 3.59 (3H, s), 2.62 — 2.86* overlapping water peak (3H, integrates as
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10H, m), 2.56 — 2.60 (1H, m), 2.18 — 2.29 (1H, m), 2.14 (3H, s), 1.89 — 2.08 (3H, m),
1.14 — 1.63 (10H, m). 3C NMR 8(101 MHz, DMSO-d6) ppm: additional peaks due to
rotamers and fluorine coupling present 172.4, 161.7, 142.4, 138.3, 136.6, 135.8, 127.9, 122.2,
121.9,121.9,121.8, 118.9, 118.8, 111.1, 111.0, 108.1, 108.0, 82.6, 81.0, 57.8, 57.6, 52.7,52.7,
52.6,48.5,47.9,46.8,46.7,45.1,44.7,44.3,37.7,37.3, 35.9, 28.4, 28.3, 28.1, 27.9, 27.3, 24.6,
24.1, 16.8. HRMS (ESI) exact mass calculated for CasH37FN4O3; [M+H]+ m/z 494.2932,

found m/z 494.2928.

(S)-5-(1-((2-(1-(2,2-Difluoroethyl)piperidine-4-carbonyl)piperidin-3-yl)methyl)-1H-
benzo[d]imidazol-2-yl)-1,3-dimethylpyridin-2(1H)-one 89

HF,C—\
N

N
%/ q Chemical Formula: C,gH;5F,N50,
/ Molecular Weight: 511.61
N N
L 2%

N _
2-Bromo-1,1-difluoroethane (27 pL, 0.345 mmol) was added to a stirring solution of sodium
hydride (60% by wt dispersion in oil) (14 mg, 0.345 mmol) and (S)-1,3-dimethyl-5-(1-((1-
(piperidine-4-carbonyl)piperidin-3-yl)methyl)-1H-benzo[d]imidazol-2-yl)pyridin-2(1H)-one
70 (103 mg, 0.230 mmol) in DMF (2 mL) at RT under a nitrogen atmosphere. The reaction
mixture was stirred at 60 °C under a nitrogen atmosphere for 16 h. LCMS analysis showed
incomplete conversion to desired product. Additional sodium hydride (60% by wt dispersion
in oil) (14 mg, 0.345 mmol) and 2-bromo-1,1-difluoroethane (27 pL, 0.345 mmol) were
added. The reaction mixture was stirred at 70 °C under a nitrogen atmosphere for 1 h. LCMS

analysis showed incomplete conversion to desired product. Additional 2-bromo-1,1-

difluoroethane (54 pL, 0.690 mmol) was added and the reaction mixture stirred at 80 °C under
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a nitrogen atmosphere for 2 h. LCMS analysis showed incomplete conversion to desired
product. The reaction mixture was stirred at 90 °C under a nitrogen atmosphere for 2 h. LCMS
analysis showed incomplete conversion to desired product. The reaction mixture was stirred
at 90 °C under a nitrogen atmosphere for 16 h. The reaction mixture was quenched by addition
of MeOH (2 mL), and concentrated in vacuo. The residue was dissolved in 1:1 MeOH:DMSO
(2 mL), and purified by EZ preparative HPLC, eluting with 0-100% 10mM ammonium
bicarbonate (ag)/MeCN. Fractions containing the desired product were combined and
extracted with DCM (2 x 20 mL). The combined organic phases were dried by passing through
a hydrophobic frit, and concentrated in vacuo to yield (S)-5-(1-((1-(1-(2,2-
difluoroethyl)piperidine-4-carbonyl)piperidin-3-yl)methyl)-1H-benzo[d]imidazol-2-yl)-1,3-

dimethylpyridin-2(1H)-one 89 (44 mg, 0.082 mmol, 36% yield) as a white solid. LCMS
(HpH): rt = 0.88 min [M+H]+ 512. *H NMR &(400 MHz, DMSO-dg, VT): 7.95 — 8.00 (1H,
m), 7.62 — 7.67 (2H, m), 7.55 — 7.60 (1H, m), 7.19 — 7.30 (2H, m), 5.82 — 6.14 (1H, m), 4.20
—4.33 (2H, m), 3.85-3.96 (1H, m), 3.61 - 3.69 (1H, m), 3.59 (3H, s), 2.64 — 2.88* overlapping
water peak (4H, integrates as 10H, m), 2.06 — 2.32 (6H, m), 1.88 — 1.99 (1H, m), 1.11 — 1.63
(10H, m). *°F NMR 8(376 MHz, DMSO-dg): -118.64 — (-118.16) (m). HRMS (ESI)
exact mass calculated for CasHssF2N4O3 [M+H]2+/2 m/z 5256.6459, found [M+2H]2+/2 m/z

256.6457 vmax(solid): 3460, 2929, 2858, 1656, 1615, 1454 cm™.

(S)-1,3-Dimethyl-5—(1-((1-(1-(2,2,2—trifluoroethyl)piperidine—4—carbonyl)piperidin—

3-yl)methyl)-1H-benzo[d]imidazol-2-yl)pyridin—2(1H)—one 90

F;C—\
N

N
%/ q Chemical Formula: C,gH3,F;N50,
/ Molecular Weight: 529.60 amu
N / N
/ )
N —
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Phenylsilane (13 pl, 0.105 mmol) and TFA (7 pl, 0.091 mmol) were added to a solution of
(S)-1,3-dimethyl-5—(1—((1—(piperidine—4—carbonyl)piperidin—-3—-yl)methyl)-1H-
benzo[d]imidazol-2—yl)pyridin—2(1H)-one 70 (23 mg, 0.051 mmol) in THF (0.2 mL) at RT.
The vessel was sealed, and the reaction mixture was heated at 70 °C for 17 h. LCMS analysis
indicated incomplete conversion to desired product. Additional phenylsilane (13 pl, 0.105
mmol) and TFA (7 pl, 0.091 mmol) were added, and the reaction mixture was heated at 70 °C
for 2 h. After cooling to RT, the reaction mixture was concentrated in vacuo. The residue was
dissolved in 1:1 MeOH:DMSO (1 mL), and purified by EZ preparative HPLC, eluting with
15-100% 10 mM ammonium bicarbonate (aq)/MeCN. Fractions containing the desired
product were combined and extracted with DCM (2 x 20 mL), dried by passing through a
hydrophobic frit, and concentrated in vacuo to yield (S)-1,3-dimethyl-5—(1-((1-(1-(2,2,2—
trifluoroethyl)piperidine—4—carbonyl)piperidin—3-yl)methyl)-1H-benzo[d]imidazol-2—
yl)pyridin—2(1H)—one 90 (12 mg, 0.022 mmol, 42% yield) as a white solid. LCMS (HpH): rt
=0.97 min, [M+H] 530. 'H NMR §(400 MHz, DMSO-ds, VT): 7.98 (1H, d, J = 2.4 Hz), 7.62
—7.68 (2H, m), 7.56 — 7.60 (1H, m), 7.19 — 7.30 (2H, m), 4.20 — 4.34 (2H, m), 3.90 (1H, br d,
J = 12.7 Hz), 3.61 — 3.70 (1H, m), 3.59 (3H, s), 3.07 (2H, d, J = 10.3 Hz), 2.77 — 2.91*
overlapping water peak (3H, integrates as 11H, m), 2.65 — 2.74 (1H, m), 2.21 — 2.37 (3H, m),
2.14 (3H, s), 1.87 — 2.00 (1H, m), 1.39 — 1.65 (5H, m), 1.14 — 1.39 (3H, m). *C NMR 5(176
MHz, DMSO-d6): additional peaks due to rotamers present. Fluorine coupling present.
172.3, 171.8, 161.7, 150.5, 150.3, 142.4, 142.4, 138.3, 136.7, 136.7, 135.8, 135.8, 127.9,
127.8,126.9, 125.3, 122.2, 122.0, 121.9, 118.9, 118.8, 111.2, 111.0, 108.1, 108.0, 57.0, 56.9,
52.8,52.7,52.7,52.6,52.5,47.8, 46.8, 46.7,45.1,44.4,41.5, 37.6, 37.4, 37.3, 36.8, 36.7, 35.8,
28.3, 28.3, 28.2, 28.1, 27.9, 27.3, 27.3, 24.6, 24.1, 16.8. 1°F NMR &(376 MHz, DMSO-
ds): -67.75 (dt, J = 75.9, 9.5 Hz). HRMS (ESI) exact mass calculated for CagH3sFsNsO2

[M+H]+ m/z 530.2744, found m/z 530.2742. vimax(solid): 3445, 2927, 2864, 1657, 1615, 1455,

1268 cm™.
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tert-Butyl (S)-3—(((3—chloro-2-nitrophenyl)amino)methyl)piperidine-1-carboxylate 45

BocN

Chemical Formula: C;7H,4CIN;Oy4
Molecular Weight: 369.84 amu

NH

Cl

1-Chloro—3—fluoro—2-nitrobenzene (400 mg, 2.28 mmol), tert-butyl (S)-3-
(aminomethyl)piperidine—1—carboxylate 48 (488 mg, 2.28 mmol), potassium carbonate (472
mg, 3.42 mmol) and DMF (5 mL) were added to a round bottom flask. The reaction mixture
was stirred at 100 °C under a nitrogen atmosphere for 2 h. After cooling to RT, the reaction
mixture was diluted with and partitioned between EtOAc (20 mL) and a 5% (by wt) aqueous
solution of lithium chloride (20 mL), and the phases were separated. The aqueous phase was
further extracted with EtOAc (2 x 30 mL). The combined organic phases were washed with a
5% (by wt) aqueous solution of lithium chloride (3 x 20 mL), dried by passing through a
hydrophobic frit, and concentrated in vacuo to vyield tert-butyl (S)-3—(((3—chloro—2—
nitrophenyl)amino)methyl)piperidine—1-carboxylate 45 (820 mg, 2.08 mmol, 91% vyield) as
an orange gum. LCMS (HpH): rt = 1.42 min, [M+H]+ 370 'H NMR 8(400 MHz, CDCL):
7.22 (1H, apparent t, J = 8.1 Hz), 6.76 (1H, d, J = 7.3 Hz), 6.69 (1H, d, J = 8.8 Hz), 5.85 (1H,
br.s), 3.86 — 4.03 (1H, m), 3.77 - 3.86 (1H, m), 3.11 - 3.22 (1H, m), 3.01 - 3.11 (1H, m), 2.96
(1H, s), 2.68 - 2.82 (1H, m), 1.78 - 1.95 (2H, m), 1.64 — 1.74 (1H, m), 1.41 — 1.50 (10H, m),

1.22 - 1.33 (1H, m).

tert-Butyl (S)-3—(((3—methoxy—2—nitrophenyl)amino)methyl)piperidine-1-carboxylate

96
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BOCNQ
Chemical Formula: C,gH,7N305
NH Molecular Weight: 365.42 amu
NO,

_0O

Potassium carbonate (557 mg, 4.03 mmol), tert-butyl (S)-3—(aminomethyl)piperidine-1—
carboxylate 48 (634 mg, 2.96 mmol), 1-fluoro—3-methoxy—2-nitrobenzene (460 mg, 2.69
mmol) and DMF (5 mL) were added to a round bottom flask. The reaction mixture was stirred
at 100 °C under a nitrogen atmosphere for 3 h. LCMS analysis showed incomplete conversion
to desired product. Additional tert-butyl (S)-3—-(aminomethyl)piperidine—1—-carboxylate 48
(122 mg, 0.57 mmol) was added. The reaction mixture was stirred at 100 °C under a nitrogen
atmosphere for 1 h. After cooling to RT, the reaction mixture was diluted with and partitioned
between EtOAc (30 mL) and a 5% (by wt) aqueous solution of lithium chloride (30 mL), and
the phases were separated. The aqueous phase was further extracted with EtOAc (30 mL). The
combined organic phases were washed with a 5% (by wt) aqueous solution of lithium chloride
(2 x30 mL), dried by passing through a hydrophobic frit, and concentrated in vacuo. The crude
material was then purified by normal phase chromatography, eluting with 0 — 30% EtOAc in
cyclohexane over 16 CV. Fractions containing the desired product were concentrated in vacuo
to vyield tert-butyl (S)-3—(((3—-methoxy—2-nitrophenyl)amino)methyl)piperidine—1—
carboxylate 96 (752 mg, 1.89 mmol, 70% vyield, > 92% purity) as an orange gum. LCMS
(HpH): rt = 1.32 min, [M+H]+ 366 'H NMR (400 MHz, CDCl;): 7.21 - 7.27 (1H, m), 6.33
—6.38 (1H, m), 6.25 — 6.30 (1H, m), 6.13 — 6.23 (1H, m), 3.89 — 4.05 (1H, m), 3.87 (3H, s),
3.78 — 3.85 (1H, m), 3.10 — 3.20 (1H, m), 2.99 — 3.09 (1H, m), 2.86 — 2.99 (1H, m), 2.63 —

2.85 (1H, m), 1.78 — 1.96 (2H, m), 1.65 (1H, s), 1.44 — 1.51 (10H, m), 1.15 — 1.33 (1H, m).

tert—Butyl (S)-3—((4—chloro-2—(1,5-dimethyl-6—oxo0-1,6—dihydropyridin-3-yl)-1H-

benzo[d]imidazol-1-yl)methyl)piperidine-1-carboxylate 46
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Boch
N N/ Chemical Formula: C,5H;3;CIN,O5
@[ />—</:€:O Molecular Weight: 470.99 amu
N P—

1,5-Dimethyl-6-o0xo0-1,6—dihydropyridine—-3—carbaldehyde 36 (335 mg, 2.22 mmol), tert—
butyl (S)-3—(((3—chloro—2-nitrophenyl)amino)methyl)piperidine—1-carboxylate 45 (820 mg,
2.22 mmol), EtOH (10 mL) and water (5 mL) were added to a round bottom flask. The reaction
mixture was heated to 80 °C, after which sodium dithionite (1.16 g, 6.65 mmol) was added.
The reaction mixture was then stirred at 100 °C under a nitrogen atmosphere for 18 h. After
cooling to RT, the reaction mixture was diluted with and partitioned between EtOAc (30 mL)
and water (30 mL), and the phases were separated. The aqueous phase was further extracted
with EtOAc (2 x 30 mL). The combined organic phases were washed with brine (50 mL), dried
by passing through a hydrophobic frit, and concentrated in vacuo. The crude material was then
purified by normal phase chromatography, eluting with 0 — 100% 3:1 EtOAc in cyclohexane
over 18 CV. Fractions containing the desired product were concentrated in vacuo to yield tert—
butyl (S)-3—((4—chloro—2—(1,5-dimethyl-6—oxo0-1,6—dihydropyridin—3-yl)-1H—
benzo[d]imidazol-1-yl)methyl)piperidine—1-carboxylate 46 (461 mg, 0.881 mmol, 40%
yield, 90% purity) as a white solid. LCMS (HpH): rt = 1.15 min, [M+H]+ 471 'H NMR
(400 MHz, CDCL): 7.76 - 7.86 (1H, m), 7.43 - 7.52 (1H, m), 7.19 - 7.38 (3H, m), 4.05 —
4.23 (2H, m), 3.77 - 3.90 (1H, m), 3.66 (3H, s), 2.71 - 2.85 (1H, m), 2.53 (1H, dd, J = 12.7,
9.8 Hz), 2.25 (3H, s), 1.98 - 2.06 (1H, m), 1.71 - 1.80 (1H, m), 1.49 - 1.62 (2H, m), 1.27 —

1.47 (10H, m), 0.98 - 1.14 (1H, m).

tert—Butyl (S)-3-((2—(1,5-dimethyl-6—0x0-1,6-dihydropyridin—-3-yl)-4-methoxy—-1H-

benzo[d]imidazol-1-yl)methyl)piperidine-1-carboxylate 97
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BOCNQ
N N/ Chemical Formula: CogH3,N40,
olecular Weight: S7 amu
) 74 o Molecular Weight: 466.57
N _

1,5-Dimethyl-6-o0xo0-1,6—dihydropyridine-3—carbaldehyde 36 (353 mg, 2.34 mmol), tert—
butyl (S)-3—(((3—-methoxy—2-nitrophenyl)amino)methyl)piperidine-1-carboxylate 96 (709
mg, 1.79 mmol), EtOH (5 mL) and water (2.5 mL) were added to a round bottom flask. The
reaction mixture was heated to 80 °C, after which sodium dithionite (1.02 g, 5.84 mmol) was
added. The reaction mixture was stirred at 100 °C under a nitrogen atmosphere for 16 h. After
cooling to RT, the reaction mixture was diluted with and partitioned between EtOAc (30 mL)
and brine (30 mL), and the phases were separated. The organic phases were further washed
with brine (30 mL). The organic phase was dried by passing through a hydrophobic frit, and
concentrated in vacuo. The crude material was then purified by normal phase chromatography,
eluting with 0 — 60% 3:1 EtOACc:EtOH in cyclohexane over 20 CV. Fractions containing the
desired product were concentrated in vacuo to yield tert-butyl (S)-3—((2—(1,5-dimethyl-6—
oxo-1,6-dihydropyridin—3-yl)-4-methoxy—1H-benzo[d]imidazol-1-yl)methyl)piperidine—

1-carboxylate 97 (516 mg, 1.05 mmol, 62% yield) as a white solid. LCMS (HpH): rt=1.06,
min [M+H]+ 467. '"H NMR (400 MHz, CDCls): 7.76 — 7.82 (1H, m), 7.47 — 7.53 (1H, m),
7.20 — 7.25 (1H, m), 6.98 (1H, d, J = 8.3 Hz), 6.72 (1H, d, J = 7.8 Hz), 3.99 — 4.20 (6H, m),
3.75 - 3.85 (1H, m), 3.64 (3H, s), 2.72 — 2.83 (1H, m), 2.48 — 2.60 (1H, m), 2.23 (3H, s), 1.98
—2.10 (1H, m), 1.48 — 1.61 (2H, m), 1.29 — 1.44 (10H, m), 0.94 — 1.11 (1H, m). 3C NMR
8(101 MHz, CDCL): 162.7 (C), 154.6 (C), 151.7 (C), 149.1 (C), 137.8 (CH), 137.2 (C), 136.1
(CH), 133.2 (C), 129.6 (C), 123.7 (CH), 109.3 (2 x CH), 103.0 (C), 79.7 (C), 55.7 (CH3), 47.8

(2 X CHy), 44.3 (CH,), 38.0 (CHs), 36.4 (CH), 28.3 (br., CH, and CHs), 24.1 (CHy), 17.4 (CHs).
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(R)-5—(4—Chloro-1—(piperidin-3-ylmethyl)-1H-benzo[d]imidazol-2-yl)-1,3—

dimethylpyridin-2(1H)-one 98

HNQ
N N/ Chemical Formula: C,yH,;CIN,O
) / o Molecular Weight: 370.88 amu
N —

Cl

tert—Butyl (S)-3—((4—chloro—2—(1,5-dimethyl-6—0xo-1,6-dihydropyridin—3-yl)-1H-benzo

[d]imidazol-1-yl)methyl)piperidine-1-carboxylate 46 (461 mg, 0.979 mmol) was dissolved
in a solution of hydrochloric acid in 1,4-dioxane (4 M, 4 mL, 16 mmol). MeOH (1mL) was
added to aid solubility. The reaction mixture was stirred at RT under air for 1 h. The reaction
mixture was diluted with methanol (20 mL) and then added to a SCX 20 g column (pre—wet
with methanol) and allowed to settle by gravity. The column was then washed with methanol
(50 mL) under vacuum . Into a separate flask, the column was washed with a solution of
ammonia in MeOH (2 M, 50 mL). The filtrate was concentrated in vacuo to yield (R)-5—(4—
chloro-1—(piperidin—-3-ylmethyl)-1H-benzo[d]imidazol-2—yl)-1,3—dimethylpyridin—-2(1H)-
one 98 (332 mg, 0.806 mmol, 82% yield, 90% purity) as a yellow gum. LCMS (HpH): rt =
0.82 min, [M+H]+ 371. 'H NMR &(400 MHz, CDCly): 7.78 (1H, s), 7.42 — 7.48 (1H, m),
7.19 - 7.27 (2H, m), 7.08 — 7.16 (1H, m), 3.95 — 4.13 (2H, m), 3.56 (3H, s), 2.78 — 2.88 (1H,
m), 2.62 — 2.71 (1H, m), 2.43 — 2,53 (1H, m), 2.17 — 2.26 (2H, m), 2.15 (3H, s), 1.90 — 2.03

(1H, m), 1.47 — 1.57 (2H, m), 1.23 — 1.36 (1H, m), 0.95 — 1.08 (1H, m).

(R)-5—(4—Methoxy-1—(piperidin—3-ylmethyl)-1H-benzo[d]imidazol-2-yl)-1,3—

dimethylpyridin-2(1H)-one 99
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N N/ Chemical Formula: Cy;HygN,O,
) 74 o Molecular Weight: 366.46 amu
N —
_0

tert-Butyl (S)-3—((2—(1,5-dimethyl-6—0x0-1,6—dihydropyridin—3-yl)-4-methoxy—1H—
benzo[d]imidazol-1-yl)methyl)piperidine—1-carboxylate 97 (516 mg, 1.11 mmol) was
dissolved in a solution of hydrochloric acid in 1,4-dioxane (4 M, 3 mL, 12 mmol). The reaction
mixture was stirred at RT under air for 24 h. The reaction mixture was diluted with methanol
(20 mL) and then added to a SCX 20 g column (pre—wet with methanol) and allowed to settle
by gravity. The column was then washed with methanol (80 mL) under vacuum. Into a separate
flask, the column was washed with a solution of ammonia in MeOH (2 M, 80 mL). The filtrate
was concentrated in vacuo to yield (R)-5-(4-methoxy—1—(piperidin—-3-ylmethyl)-1H—
benzo[d]imidazol-2—yl)-1,3—dimethylpyridin—2(1H)-one 99 (329 mg, 0.853 mmol, 77%
yield) as a yellow solid. LCMS (HpH): rt = 0.77 min, [M+H]+ 367. 'H NMR (400 MHz,
CDCls): 7.83—7.88 (1H, m), 7.52 — 7.58 (1H, m), 7.18 — 7.24 (1H, m), 7.00 (1H, d, J = 8.3
Hz), 6.72 (1H, d, J = 7.8 Hz), 4.06 — 4.20 (2H, m), 4.03 (3H, s), 3.64 (3H, s), 2.88 — 2.96 (1H,
m), 2.72 — 2.80 (1H, m), 2.52 — 2.60 (1H, m), 2.27 — 2.35 (1H, m), 2.24 (3H, s), 2.01 — 2.13

(1H, m), 1.58 — 1.67 (3H, m), 1.33 — 1.44 (1H, m), 1.04 — 1.16 (1H, m).

(S)-5—(1—((1-(4—Aminobutanoyl)piperidin—3-yl)methyl)-4—methoxy—-1H-benzo

[d]imidazol-2—yl)-1,3—-dimethylpyridin—2(1H)—-one 100

HoN
N
o}
N N/ Chemical Formula: C,5H33N505
) 74 o Molecular Weight: 451.56 amu
N —
_0
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DIPEA (119 pL, 0.682 mmol) was added to a stirring solution of HATU (64 mg, 0.168 mmol)
and 4—((tert-butoxycarbonyl)amino)butanoic acid (28 mg, 0.136 mmol) in DMF (0.5 mL).
The reaction mixture was stirred at RT under air for 10 minutes, after which a solution of (R)-
5—(4-methoxy—1—(piperidin—3-ylmethyl)-1H-benzo[d]imidazol-2—-yl)-1,3—dimethyl

pyridin—2(1H)-one 99 (50 mg, 0.136 mmol) in DMF (0.5 mL) was added. The reaction
mixture was stirred at RT under air for 30 minutes. The reaction mixture was diluted with and
partitioned between EtOAc (10 mL) and a 5 % (by wt) aqueous solution of lithium chloride
(20 mL), and the phases were separated. The aqueous phase was further extracted with EtOAc
(20 mL). The combined organic phases were washed with a 5 % (by wt) aqueous solution of
lithium chloride (3 x 20 mL), dried by passing through a hydrophobic frit, and concentrated in
vacuo to yield tert-butyl (S)-(4—(3—((2—(1,5-dimethyl-6—ox0-1,6-dihydropyridin—3—yl)—4—
methoxy—1H-benzo[d]imidazol-1-yl)methyl)piperidin—1-yl)—4—oxobutyl)carbamate (93
mg, 0.135 mmol) as a brown oil. This was taken forward crude. tert-butyl (S)—(4—(3—((2—(1,5-
dimethyl-6—-0xo0-1,6—dihydropyridin—3-yl)-4-methoxy—-1H-benzo[d]imidazol-1-yl)

methyl)piperidin—1—-yl)-4—oxobutyl)carbamate (93 mg, 0.135 mmol) was dissolved in a
solution of hydrochloric acid in 1,4—dioxane (4 M, 1 mL, 4 mmol). MeOH (1 mL) was added
to aid solubility. The reaction mixture was stirred at RT under air for 2 h. After this time, the
reaction mixture was concentrated in vacuo. The residue was dissolved in 1:1 MeOH:DMSO
and purified by MDAP using a solvent system of 10 mM ammonium bicarbonate adjusted to
pH 10 with ammonia in water (solvent A) and acetonitrile (solvent B). Fractions containing
the desired product were combined and extracted with DCM (2 x 20 mL). The combined
organic phases were dried by passing through a hydrophobic frit, and concentrated in vacuo
to yield (S)-5-(1-((1~(4—aminobutanoyl)piperidin—3—yl)methyl)-4—methoxy—1H-
benzo[d]imidazol-2-yl)-1,3-dimethylpyridin—2(1H)-one 100 (20 mg, 0.042 mmol, 31%
yield). LCMS (HpH): rt = 0.76 min, [M+H]+ 452. 'H NMR (400 MHz, CDCls): rotamer 1
7.82 —7.87 (1H, m), 7.44 — 7.49 (1H, m), 7.21 (1H, s), 6.97 (1H, d, J = 8.3 Hz), 6.68 — 6.77

(1H, m), 4.34 — 4.47 (1H, m), 4.05 — 4.31 (2H, m), 4.03 (3H, s), 3.56 — 3.73 (4H, m), 3.25 —

142



3.38 (1H, m), 2.67 — 2.77 (2H, m), 2.47 — 2.65 (2H, m), 2.28 — 2.39 (2H, m), 2.23 (3H, s), 1.87
—2.13 (2H, m), 0.93 — 1.78* overlapping H20 peak (6H, integrates as 11H, m). rotamer 2 7.76
~7.82 (1H, m), 7.49 — 7.53 (1H, m), 7.21 (1H, ), 6.97 (1H, d, J = 8.3 Hz), 6.68 — 6.77 (1H,
m), 4.05 — 4.31 (3H, m), 4.03 (3H, s), 3.56 — 3.73 (4H, m), 2.95 — 3.08 (1H, m), 2.67 — 2.77
(2H, m), 2.47 — 2.65 (2H, m), 2.28 — 2.39 (2H, m), 2.23 (3H, s), 1.87 — 2.13 (2H, m), 0.93 —
1.78* overlapping H.O peak (6H, integrates as 11H, m). 3C NMR §(101 MHz, CDCly):
171.4 (C), 162.7 (C), 151.6 (C), 149.0 (C), 137.9 (CH), 137.1 (C), 136.2 (CH), 133.1
(C), 129.6 (C), 123.8 (CH), 109.3 (C), 103.1 (CH), 103.0 (CH), 55.7 (CHs3), 47.7
(CH2), 46.0 (CH2), 45.2 (CH2), 41.7 (CH), 38.1 (CHs), 36.1 (CH), 30.6 (CH), 28.9
(CH2), 28.2 (CH2), 24.8 (CH2), 17.3 (CHs). HRMS (ESI) exact mass calculated for

C25H24N503 [M+H]+ m/z 452.2662, found m/z 452.2665.
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(S)-5—(1—((1~(4—Aminobutanoyl)piperidin-3-yl)methyl)-4—chloro-1H-benzo

[d]imidazol-2—-yl)-1,3—-dimethylpyridin—2(1H)-one 101

H,N
N
(0]
N N/ Chemical Formula: C,,H3,CIN0,
74 Molecular Weight: 455.98 amu
/ o] &

N —

Cl

DIPEA (111 pL, 0.634 mmol) was added to a stirring solution of 4—((tert-
butoxycarbonyl)amino)butanoic acid (26 mg, 0.127 mmol) and HATU (64 mg, 0.168 mmol)
in DMF (0.5 mL) at RT. The reaction mixture was stirred at RT under air for 5 minutes, after
which a solution of (R)-5-(4—chloro—1—(piperidin—3-ylmethyl)-1H-benzo[d]imidazol-2—
yl)-1,3—dimethylpyridin—2(1H)—one 98 (47 mg, 0.127 mmol) in DMF (0.5 mL) was added.
The reaction mixture was stirred at RT under air for 1 h. The reaction mixture was diluted with
and partitioned between EtOAc (20 mL) and a 5% (by wt) aqueous solution of lithium chloride
(20 mL), and the phases were separated. The aqueous phase was further extracted with EtOAc
(2 x 20 mL). The combined organic phases were washed with a 5% (by wt) agueous solution
of lithium chloride (20 mL), dried by passing through a hydrophobic frit, and concentrated in
vacuo. The residue was dissolved in 1:1 MeOH:DMSO (1 mL) and purified by MDAP using
a solvent system of 10 mM ammonium bicarbonate adjusted to pH 10 with ammonia in water
(solvent A) and acetonitrile (solvent B). Fractions containing the desired product were
combined and extracted with DCM (3 x 20 mL). The combined organic phases were dried by
passing through a hydrophobic frit, and concentrated in vacuo to yield tert—butyl (S)-(4—(3—
((4—chloro—2—(1,5-dimethyl-6-o0xo0-1,6-dihydropyridin—-3-yl)-1H-benzo[d]imidazol-1-

yl)methyl)piperidin—1-yl)-4—oxobutyl)carbamate (40 mg) as a white solid. tert-Butyl (S)—(4—
(3—((4—chloro—2—(1,5-dimethyl-6—oxo-1,6—dihydropyridin—3-yl)-1H-benzo[d]imidazol-1-
yl)methyl)piperidin—1-yl)—4—oxobutyl)carbamate (35 mg, 0.063 mmol) was dissolved in a

solution of hydrochloric acid in 1,4-dioxane (4 M, 2 mL, 4 mmol). MeOH (1 mL) was added
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to aid solubility. The reaction mixture was stirred at RT under air for 16 h. The reaction mixture
was diluted with methanol (10 mL) and then added to a SCX 10 g column (pre—wet with
methanol) and allowed to settle by gravity. The column was then washed with methanol (50
mL) under vacuum. Into a separate flask, the column was washed with a solution of ammonia
in MeOH (2 M, 50 mL). The filtrate was concentrated in vacuo and placed on high vacuum
for 2 h. The compound was not sufficiently pure, therefore further purification was required.
The residue was dissolved in 1:1 MeOH:DMSO (1 mL) and purified by MDAP using a solvent
system of 10 mM ammonium bicarbonate adjusted to pH 10 with ammonia in water (solvent
A) and acetonitrile (solvent B). Fractions containing the desired product were combined and
extracted with DCM (2 x 10 mL). The combined organic phases were dried by passing through
a hydrophobic frit, and concentrated in vacuo to yield (S)-5-(1-((1-(4-
aminobutanoyl)piperidin—3-yl)methyl)-4—chloro—1H-benzo[d]imidazol-2—-yl)-1,3—

dimethylpyridin—2(1H)—one 101 (12 mg, 25 umol, 20% yield) as a colourless gum. LCMS
(HpH): rt = 0.82 min, [M+H]+ 456. 'H NMR (400 MHz, CDCls): rotamer 1 7.79 — 7.85
(1H, m), 7.47 (1H, br s), 7.19 — 7.37* overlapping CDClI; (3H, integrates as 4H, m), 4.03 —
4.32 (3H, m), 3.66 (4H, s), 2.96 — 3.08 (1H, m), 2.67 — 2.78 (2H, m), 2.47 — 2.61 (2H, m), 2.29
—2.39 (2H, m), 2.25 (3H, s), 2.00 (2H, s), 0.99 — 1.77* overlapping H.O peak (6H, integrates
as 10H, m). rotamer 2 7.85 — 7.93 (1H, m), 7.47 (1H, br s), 7.19 — 7.37* overlapping CDCl;
(3H, integrates as 4H, m), 4.35 — 4.45 (1H, m), 4.03 — 4.32 (2H, m), 3.66 (4H, s), 3.29 — 3.40
(1H, m), 2.67 — 2.78 (2H, m), 2.47 — 2.61 (2H, m), 2.29 — 2.39 (2H, m), 2.25 (3H, s), 2.00 (2H,
s), 0.99 — 1.77* overlapping H.O peak (6H, integrates as 10H, m). 3C NMR &(101 MHz,
CDCls): rotamers present 171.4, 162.7, 151.0, 140.2, 138.4, 138.3, 136.6, 135.8, 135.4,
129.9, 124.8, 123.6, 123.5, 122.9, 122.7, 108.8, 108.6, 49.2, 49.1, 48.1, 47.9, 46.0,
45.1,41.7,41.5, 38.2, 37.5, 36.1, 30.6, 28.9, 28.8, 28.3, 24.8, 17.4. HRMS (ESI) exact

mass calculated for C24H31CINsO2 [M+H]+ m/z 456.2167, found m/z 456.2174.
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5—(4-Chloro-1—(((3S)-1-(1-methylpiperidine-3—carbonyl)piperidin—-3—-yl)methyl)-1H-

benzo[d]imidazol-2—yl)-1,3—-dimethylpyridin-2(1H)—one 102

—N
N
(0]
N N/ Chemical Formula: C,;H34CIN;O,
) 74 o Molecular Weight: 496.04 amu
N —
Cl

DIPEA (118 pL, 0.674 mmol) was added to a stirring solution of 1-methylpiperidine—3—
carboxylic acid (20 mg, 0.140 mmol) and HATU (64 mg, 0.168 mmol) in DMF (1 mL) at RT.
The reaction mixture was stirred at RT under air for 10 minutes, after which a solution of (R)-
5—(4—chloro—-1—(piperidin—3-ylmethyl)-1H-benzo[d]imidazol-2—yl)-1,3—dimethylpyridin-
2(1H)—one 98 (50 mg, 0.135 mmol) in DMF (1 mL) was added. The reaction mixture was
stirred at RT under air for 1 h. The reaction mixture was diluted with and partitioned between
EtOAc (20 mL) and a 5% (by wt) aqueous solution of lithium chloride (20 mL), and the phases
were separated. The aqueous phase was further extracted with EtOAc (2 x 20 mL). The
combined organic phases were washed with a 5% (by wt) aqueous solution of lithium chloride
(20 mL), dried by passing through a hydrophobic frit, and concentrated in vacuo. The aqueous
phase was further extracted with DCM (2 x 20 mL). These combined organics were dried by
passing through a hydrophobic frit, combined with the first batch, and concentrated in vacuo.
The residue was dissolved in 1:1 MeOH:DMSO (1 mL) and purified by MDAP using a solvent
system of 10 mM ammonium bicarbonate adjusted to pH 10 with ammonia in water (solvent
A) and acetonitrile (solvent B). Fractions containing the desired product were combined and
extracted with DCM (3 x 20 mL). The combined organic phases were dried by passing through
a hydrophobic frit, and concentrated in vacuo to yield 5—(4—chloro—1-(((3S)-1-(1-
methylpiperidine—3—carbonyl)piperidin—-3-yl)methyl)-1H-benzo[d]imidazol-2—-yl)-1,3-
dimethylpyridin—2(1H)—one 102 (52 mg, 0.1 mmol, 74% yield) as a colourless gum. LCMS

(HpH): rt = 0.90 min, [M+H]+ 496. 'H NMR (400 MHz, DMSO-ds, VT): 7.97 — 8.06 (1H,
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m), 7.63 — 7.69 (1H, m), 7.57 (1H, d, J = 7.8 Hz), 7.20 — 7.31 (2H, m), 4.19 — 4.36 (2H, m),
3.81 — 3.93 (1H, m), 3.63 — 3.75 (1H, m), 3.59 (3H, s), 2.76 — 2.90* overlapping H20O peak
(1H, integrates as 7H, m), 2.64 — 2.73 (2H, m), 2.52 — 2.61 (2H, m), 2.10 - 2.17 (6H, m), 1.76
—1.97 (3H, m), 1.14 — 1.64 (8H, m) *C NMR 8(101 MHz, CDCls): additional peaks due to
rotamers present 172.7, 172.7, 162.7, 151.1, 140.2, 140.2, 138.4, 136.6, 135.8, 135.5, 129.9,
124.8, 123.5, 122.7, 108.8, 108.6, 58.1, 58.1, 55.6, 48.0, 47.7, 46.5, 45.9, 45.8, 45.2, 45.1,
39.6, 39.5, 38.2, 36.2, 36.0, 28.5, 28.1, 27.1, 27.1, 25.2, 25.0, 25.0, 24.8, 17.4. HRMS (ESI)
exact mass calculated for Cy;H3sCINsO, [M+H]+ m/z 496.2480, found m/z 496.2482.

vmax(solid): 2937, 2853, 2790, 1654, 1618, 1431 cm™.

(S)-5—(4—Methoxy—1—((1-(piperidine—4—carbonyl)piperidin-3—-yl)methyl)-1H-benzo

[d]imidazol-2—yl)-1,3-dimethylpyridin—2(1H)-one 103

HN
N
Chemical Formula: Cy;H;35N;505
/

Molecular Weight: 477.60 amu

DIPEA (119 pL, 0.682 mmol) was added to a stirring solution of 1—(tert—
butoxycarbonyl)piperidine—4—carboxylic acid (31 mg, 0.136 mmol) and HATU (64 mg, 0.168
mmol) in DMF (0.5 mL) at RT. The reaction mixture was stirred at RT under air for 10
minutes, after which a solution of (R)-5-(4—methoxy—1—(piperidin—3—ylmethyl)-1H-
benzo[d]imidazol-2-yl)-1,3—dimethylpyridin—2(1H)-one 99 (50 mg, 0.136 mmol) in DMF
(0.5 mL) was added. The reaction mixture was stirred at RT under air for 1 h. The reaction
mixture was diluted with and partitioned between EtOAc (20 mL) and a 5% (by wt) aqueous
solution of lithium chloride (20 mL), and the phases were separated. The organic phase washed

with a 5% (by wt) aqueous solution of lithium chloride (2 x 20 mL), and brine (20 mL). The
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organic phase was dried by passing through a hydrophobic frit, and concentrated in vacuo to
yield tert-butyl (S)-4—(3—((2—(1,5-dimethyl-6—0x0-1,6-dihydropyridin—3-yl)—4-methoxy—
1H-benzo[d]imidazol-1-yl)methyl)piperidine—1-carbonyl)piperidine-1-carboxylate (117
mg, 0.132 mmol) as a brown gum. This was used in the next reaction as a crude mixture. tert—
Butyl (8)—4—(3—((2—(1,5-dimethyl-6—ox0-1,6—dihydropyridin—3—yl)-4-methoxy—-1H-
benzo[d]imidazol-1-yl)methyl)piperidine—1—carbonyl)piperidine—1-carboxylate (117 mg,
0.132 mmol) was dissolved in a solution of hydrochloric acid in 1,4—dioxane (4 M, 3 mL, 12.0
mmol). MeOH (1 mL) was added to aid solubility. The reaction mixture was stirred at RT
under air for 16 h. The reaction mixture was concentrated in vacuo. The residue was dissolved
in 1:1 MeOH:DMSO (1 mL) and purified by MDAP, using a solvent system of 10 mM
ammonium bicarbonate adjusted to pH 10 with ammonia in water (solvent A) and acetonitrile
(solvent B). Fractions containing the desired product were combined and extracted with DCM
(2 x 20 mL). The combined organic phases were dried by passing through a hydrophobic frit,
and concentrated in vacuo to vyield (S)-5-(4-methoxy—1—((1—(piperidine—4—
carbonyl)piperidin—3-yl)methyl)-1H-benzo[d]imidazol-2-yl)-1,3—-dimethylpyridin—2(1H)—
one 103 (36 mg, 0.072 mmol, 53% vyield) as a white solid. LCMS (HpH): rt = 0.79 min,
[M+H]+ 478. 'H NMR $(400 MHz, DMSO—ds, VT): 7.96 (1H, d, J = 2.2 Hz), 7.60 —
7.70 (1H, m), 7.15 (2H, s), 6.69 — 6.82 (1H, m), 4.14 — 4.30 (2H, m), 4.04 (3H, s), 3.84
—3.95(1H, m), 3.61 — 3.70 (1H, m), 3.59 (3H, s), 2.63 — 2.95* overlapping H20 peak
(5H, integrates to 16H, m), 2.31 —2.46 (3H, m), 2.14 (3H, s), 1.84 — 1.97 (1H, m), 1.54
—1.65(2H, m), 1.13 — 1.48 (6H, m). 3C NMR §(101 MHz, CDCls): CH, obscured. 173.6
(C), 162.7 (C), 151.6 (C), 137.9 (CH), 137.1 (C), 135.8 (CH), 133.2 (C), 129.6 (C),
124.0 (C), 123.8 (CH), 109.3 (C), 103.3 (CH), 103.1 (CH), 55.7 (CH), 47.5 (CH2),
45.5-46.2 (m, CH2), 45.3 (CH2), 39.0 (CH), 38.1 (CHs3), 36.0 (CH3), 29.7 (CH), 28.0

(CH2), 24.9 (CH2), 17.4 (CHs). HRMS (ESI) exact mass calculated for Cy7H3sNsOs
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[M+H]+ m/z 478.2819, found m/z 478.2816. vmax(solid): 3424, 2931, 2859, 1652, 1602, 1265

cm™,

5—(1-Hydroxypropyl)-1,3—-dimethylpyridin-2(1H)—one 105

OH

SNTX Chemical Formula: C;yH;5sNO,
_ Molecular Weight: 181.23 amu

Ethylmagnesium bromide in THF (1 M, 1.5 mL, 1.5 mmol) was added dropwise to a solution
of 1,5-dimethyl-6-0xo0-1,6—dihydropyridine—3—carbaldehyde 36 (150 mg, 0.992 mmol) in
THF (6 mL) at 0 °C under a nitrogen atmosphere. The reaction mixture was stirred at 0 °C
under a nitrogen atmosphere for 1 h. The reaction mixture was quenched by the addition of a
saturated aqueous solution of ammonium chloride (20 mL). The reaction mixture was diluted
with and partitioned between EtOAc (20 mL) and water (20 mL), and the phases were
separated. The aqueous phase was further extracted with EtOAc (20 mL) and DCM (5 x 20
mL). The combined organics were concentrated in vacuo to yield 5—(1-hydroxypropyl)-1,3—
dimethylpyridin—2(1H)-one 105 (164 mg, 0.860 mmol, 87% vyield) as a white solid. LCMS
(For): rt = 0.53 min, [M+H]+ 182. 'H NMR (400 MHz, CDCl;) ppm 7.20 — 7.24 (1H, m),
7.07 — 7.11 (1H, m), 4.31 (1H, t, J = 6.6 Hz), 3.51 (3H, s), 2.55 (1H, br. s), 2.11 — 2.15 (3H,
m), 1.61 — 1.83 (2H, m), 0.90 (3H, t, J = 7.6 Hz). 3C NMR (101 MHz, CDCls) ppm: 163.2
(C), 135.4 (CH), 132.7 (CH), 129.6 (C), 122.0 (C), 72.9 (CH), 37.8 (CHs), 30.8 (CH,), 17.3
(CHs), 10.0 (CH3) HRMS (ESI) exact mass calculated for C10H1sNO2 [M+H]+ m/z 182.1103,

found m/z 182.1189.
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1,3-dimethyl-5—propionylpyridin-2(1H)—one 106

SN Chemical Formula: C;(H;3NO,
_ Molecular Weight: 179.22 amu

Manganese dioxide (729 mg, 8.39 mmol) was added to a stirring solution of 5-(1-
hydroxypropyl)-1,3—dimethylpyridin—2(1H)-one 105 (152 mg, 0.839 mmol) in DCM (15
mL). The reaction mixture was stirred at RT under air for 70 h. LCMS analysis showed
incomplete conversion to the desired product. Additional manganese dioxide (365 mg, 4.19
mmol) was added. The reaction mixture was stirred at RT under air for 30 min. The reaction
mixture was filtered through Celite®, washing through with DCM (50 mL). The filtrate was
concentrated in vacuo to yield 1,3-dimethyl-5—propionylpyridin—2(1H)-one 106 (129 mg,
0.684 mmol, 82% yield) as a yellow solid. LCMS (HpH): rt = 0.67 min, [M+H]+ 180. 'H
NMR 5(400 MHz, CDCls) ppm: 8.02 (1H, d, J = 2.9 Hz), 7.72 — 7.79 (1H, m), 3.62 (3H, s),
2.79 (2H, q,J = 7.0 Hz), 2.19 (3H, s), 1.20 (3H, t, J = 7.1 Hz). *C NMR (101 MHz, CDCl)
ppm: 196.3 (C), 163.4 (C), 140.0 (CH), 134.5 (CH), 128.8 (C), 116.9 (C), 38.5 (CHs), 30.9
(CHy), 17.2 (CH3), 8.3 (CH3). HRMS (ESI) exact mass calculated for C1oH14aNO2 [M+H]+

m/z 180.1025, found m/z 180.1030.

1,3—dimethyl-5-(3—-methylbenzofuran—2—yl)pyridin-2(1H)—one 108

N 74 0 Chemical Formula: CcH;5sNO,
o — Molecular Weight: 253.30 amu

Methanesulfonic acid (36 L, 0.558 mmol) was added to a stirring solution of 1,3—dimethyl—
5—propionylpyridin—2(1H)-one 106 (50 mg, 0.279 mmol) and O-—phenylhydroxylamine
hydrochloride 107 (41 mg, 0.279 mmol) in THF (3 mL) at RT. The reaction mixture was

stirred at 60 °C under a nitrogen atmosphere for 18 h. LCMS analysis showed incomplete
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conversion to desired product. Additional O—phenylhydroxylamine hydrochloride 106 (10 mg,
0.068 mmol) was added. The reaction mixture was stirred at 60 °C under a nitrogen
atmosphere for 2 h. LCMS analysis showed incomplete conversion to desired product. The
reaction mixture was stirred at 65 °C under a nitrogen atmosphere for 3 h. After cooling to RT,
the reaction mixture was concentrated in vacuo. The residue was dissolved in 1:1
MeOH:DMSO and purified by MDAP using a solvent system of 10 mM ammonium
bicarbonate adjusted to pH 10 with ammonia in water (solvent A) and acetonitrile (solvent B).
Fractions containing the desired product were blown down under a stream of nitrogen to yield
1,3-dimethyl-5—(3-methylbenzofuran—2-yl)pyridin—2(1H)-one 107 (34 mg, 0.128 mmol,
46% yield) as a brown gum. LCMS (For): rt = 1.11 min, [M+H]+ 254. 'H NMR (400 MHz,
CDCl3) ppm: 7.66 — 7.71 (1H, m), 7.63 — 7.66 (1H, m), 7.48 — 7.52 (1H, m), 7.41 — 7.45 (1H,
m), 7.22 — 7.31 (2H, m,), 3.66 (3H, s), 2.40 (3H, s), 2.24 — 2.27 (3H, m). *C NMR 5(101
MHz, CDCls) ppm: 162.4 (C), 153.5 (C), 147.4 (C), 134.9 (CH), 134.1 (CH), 130.9 (C), 129.7
(C), 124.2 (CH), 122.6 (CH), 119.0 (CH), 110.7 (C), 110.6 (CH), 109.9 (C), 38.2 (CH3), 17.4

(CH3), 9.2 (CHg3).
Biology Experimental

The human biological samples used within this thesis were sourced ethically and their research

use was in accord with the terms of the informed consents.

ChromLogD~.4. Chromatographic hydrophobicity index (Chi-LogD7.4) was determined by
fast-gradient HPLC, according to literature procedures,®*? using a Waters Aquity UPLC
System, Phenomenex Gemini NX 50 x 2 mm, 3 um HPLC column, 0—-100%pH 7.40
ammonium acetate buffer/acetonitrile gradient. Retention time was compared to standards of
known pH to derive the Chromatographic Hydrophobicity Index (CHI). ChromLogD

=0.0857CHI — 2.
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Avrtificial Membrane Permeability. Permeability across a lipid membrane was measured

using the published protocol.>

pKa Predictions. pKa predictions were calculated using Epik pKa predictor software,

published by Schrodinger.**

hWB MCP-1 Assay. Compounds to be tested were diluted in 100% DMSO to give a range of
appropriate concentrations at 140x the required final assay concentration, of which 1 uLL was
added to a 96 well tissue culture plate. 130 uL of human whole blood, collected into sodium
heparin anticoagulant, (1 unit/mL final) was added to each well and plates were incubated at
37 °C (5% COy) for 30 min before the addition of 10 puL of 2.8 pg/mL LPS (Salmonella
Typhosa), diluted in complete RPMI 1640 (final concentration 200 ng/mL), to give a total
volume of 140 pL per well. After further incubation for 24 h at 37 °C, 140 uL of PBS was
added to each well. The plates were sealed, shaken for 10 min and then centrifuged (2500 rpm
x 10 min). 100 pL of the supernatant was removed and MCP-1 levels assayed immediately by

immunoassay (Meso Scale Discovery Technology).

TR-FRET Assays. BET proteins were produced using published protocols.® Compounds were
screened against either 6H-Thr BRD4 (1-477) (Y390A) (BRD4 BD2 mutation to monitor
compound binding to BD1) or 6H-Thr BRD4 (1-477) (Y97A) (BRD4 BD1 mutation to
monitor compound binding to BD2) in a dose—response format in a TR-FRET assay measuring
competition between test compound and an AlexaFluor647 derivative of 2. Compounds were
titrated from 10 mM in 100% DMSO and 50 nL transferred to a low volume black 384-well
microtiter plate using a Labcyte Echo 555. A Thermo Scientific Multidrop Combi was used to
dispense 5 pL of 20 nM protein in an assay buffer of 50 mM HEPES, 150 mM NaCl, 5%
glycerol, 1 mM DTT, and 1 mM CHAPS, pH 7.4, and in the presence of 100 nM fluorescent
ligand (~Kd concentration for the interaction between BRD4 BD1 and ligand). After
equilibrating for 30 min in the dark at rt, the bromodomain protein:fluorescent ligand

interaction was detected using TR-FRET following a 5 pL addition of 3 nM europium chelate-
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labelled anti-6His antibody (PerkinElmer, W1024, AD0111) in assay buffer. Time-resolved
fluorescence (TRF) was then detected on a TRF laser equipped PerkinElmer Envision
multimode plate reader (excitation = 337 nm; emission 1 = 615 nm; emission 2 = 665 nm; dual
wavelength bias dichroic = 400 nm, 630 nm). TR-FRET ratio was calculated using the
following equation: ratio = ((acceptor fluorescence at 665 nm)/(donor fluorescence at 615 nm))
x 1000. TR-FRET ratio data was normalized to high (DMSO) and low (compound control
derivative of 2) controls and 1C50 values determined for each of the compounds tested by
fitting the fluorescence ratio data to a four-parameter model: y =a + ((b — a)/[1 + (10x/10c)d],

where a is the minimum, b is the Hill slope, ¢ is the IC50, and d is the maximum.
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8.0 Appendix

Complete Data for Bromoscan assays of isopropy! piperidine 71 (Table 21).
=
Q,
o /
N
Cro e
N \—
71

BRD4 BD1/BD2 plCso 8.1/5.6 (2.5)
BRD2 BD1/BD2 plCso 8.5/5.5 (3.0)
BRD3 BD1/BD2 plCso 8.4/5.8 (2.6)
BRDT BD1/BD2 plCs 8.1/5.5 (2.6)
ATAD2A plCs <450
ATAD2B plCso <450
CECR2 plCso <450
EP300 plCso 5.00
PCAF plCs < 4.50
BAZ2A plCso < 4.50
BAZ2B plCso < 4.50
BRD1 plCso < 4.50
BRD7 plCso < 4.50
BRDS8 BD1 plICs <450
BRD8 BD2 plCs <450
BRDY plCso 4.60
BRPF1 plCso 4.80
BRPF3 plCso < 4.50
CREBBP plCs 4.80
FALZ plCso < 4.50
GCN5L2 pICso <450
PBRM1 BD2 plCs <450
PBRM1 BD5 plCs <450
SMARCA2 pICs <450

Table 22: Extended data table of Bromoscan assays for benzimidazole 71. The potency data
disclosed is the mean of at least 2 test occasions.
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