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Abstract

Epigenetics has emerged as a prominent field for drug discovery. Bromodomains have been
exemplary targets, with the development of compounds that have affirmed their link to certain
diseases. The development of bromodomain inhibitors has also been the subject of varied
strategic techniques in drug discovery and development, with fragment-based drug design
being employed widely. Strategic and technical approaches to fragment-based drug design in

bromodomain inhibitor discovery are also the subject of this thesis.

N-Methylpyrrolidone is a well-known solvent that has been shown to mimic acetyl-lysine. This
knowledge has been used to develop other high-affinity warheads, including
dimethylisoxazoles and dihydroquinoxalinones, but the original chemotype has yet to be

directly elaborated in the same manner.

Firstly, N-Methylpyrrolidone was modified to allow the preparation of a versatile set of
analogues that could be utilised in fragment-based drug design. Two mesylate derivatives were
then coupled to a tetrahydropyridoindolone scaffold as potential mimics of the reported
bromodomain inhibitor, Olinone. These products showed comparable affinity to Olinone itself
in the first bromodomain of bromodomain-containing protein 4 and X-ray crystallography
showed the preservation of key interactions between Olinone and the bromodomain. These

results support the utilisation of the elaborated fragments in other settings.

Secondly, a phenyl group was initially attached to N-methylpyrrolidone, which afforded a
“new” racemic fragment that retained the ligand efficiency of N-methylpyrrolidone. This
fragment was derivatised using electrophilic aromatic substitution, bromination/cross-coupling
and enantiomeric separation to yield a derivative with an ICso of 14.1 uM. Interestingly, X-ray
crystallography revealed an unusual binding pose with the catechol ether acting as the mimetic

in place of N-methylpyrrolidone. This shows the importance of X-ray crystallography in the

e
X




fragment-based drug design process, but the new compound presents as a lead that may be

further pursued.

Thirdly, the 5-methyl-3-aryl-1H-pyrazole fragment was examined as a potential isostere to
other bromodomain-binding heterocycles, which include dimethylisoxazoles and
methyltriazoles. To examine its potential as a bromodomain ligand, a series of substituted
pyrazoles were synthesised as part of a “poised” fragment library, employing a simple set of
reactions from readily available reagents. Using a simple two-step scheme, 15 pyrazoles with
diverse aryl substitutions were synthesised. Given the synthetic instability of certain phenol-
containing compounds, a modified — but still efficient — four-step scheme was also employed,
which yielded six additional pyrazoles. Subsequent assays with the first bromodomain of
bromodomain-containing protein 4 identified compounds with improved affinity and good
ligand efficiency. One compound in particular — a dimethylphenol derivative — displayed an
unexpected, but not entirely unprecedented, binding mode in X-ray crystallographic studies.

Similar to the above, these products represent interesting starting points for further elaboration.

Collectively, these studies have shown that fragment elaboration from simple, low-affinity
fragments to moderately potent, ligand efficient lead compounds can be achieved and that
synthetic approaches can and should be utilised as a basis for compound novelty and library
design. Bromodomain-containing protein 4 is a validated therapeutic target, but these
approaches could equally be applied to other bromodomain targets, especially those where N-
methylpyrrolidone has been co-crystallised, but others for which fragment-based drug design

has not yet been attempted.
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Chapter 1 — History of Epigenetics, Bromodomains and Their
Inhibitors

Abbreviations

5mC 5-methylcytosine

Ago-2 Argonaute-2

AID Activation-induced Cytosine Deaminase
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AlkB Alpha-ketoglutarate-dependent Dioxygenase
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APOBEC Apolipoprotein B mRNA Editing Enzyme, Catalytic Polypeptide-like

ART Antiretroviral Therapy
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BAZ2 Bromodomain Adjacent To Zinc Finger Domain 2
Bcl-2 B-cell Lymphoma 2

BCP Bromodomain-containing Protein

BD# Bromodomain #

BET Bromodomain and Extra-terminal Domain

BPV Bovine Papillomavirus

BRD# Bromodomain-containing Protein #

BRPF1 Bromodomain and PHD Finger-containing Protein 1
CBP Cyclic AMP Response Element Binding Protein Binding Protein
CDKO9 Cyclin-dependent Kinase 9

CD# Cluster of Differentiation #

CECR2 Cat Eye Syndrome Chromosome Region, Candidate 2
Cmax Maximum Serum Concentration

CTD C-terminal Domain
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CYP
DMF
DMSO
DNA
DNMT#
dsRNA
EP300

Cytochrome P450

Dimethylformamide

Dimethyl Sulfoxide

Deoxyribonucleic Acid

DNA Methyltransferase #
Double-stranded RNA

E1A Binding Protein P300
Extra-terminal
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Fragment-based Drug Design

General Control of Amino Acid Synthesis 5
Histone # Lysine #

Histone Acetyltransferase

High-density Lipoprotein
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Human Immunodeficiency Virus
Heteronuclear Single Quantum Correlation
High-throughput Screening
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Immunoglobulin Heavy Chain
Interleukin-6

Immunomodulator

Isothermal Titration Calorimetry
Jumonji Domain-containing Protein 6
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Butyryl-lysine

Crotonyl-lysine
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LE
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miRNA
MRNA
NcRNA
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NMR
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PDB
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PID
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RNA
RNAI
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Ligand Efficiency
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Mitotic Chromosome-Associated Protein
MicroRNA 204
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Messenger RNA

Non-coding RNA
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Nuclear Magnetic Resonance

Nuclear Receptor Binding SET Domain Protein 3
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Overall Survival
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Protein Data Bank

Progress-free Survival
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Post-translational Modification
RNA-induced Silencing Complex

RISC Loading Complex
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RNA Interference

RNA Polymerase Il
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SAR
SPR
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STD
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S-adenosyl Methionine

Structure-activity Relationship

Surface Plasmon Resonance

Small Interfering RNA

Saturation Transfer Difference
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Transactivator of Transcription
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1.1 Defining Epigenetics

Over the past 70 years, interest in epigenetics has grown exponentially, not just in the usage of
the word, but also what it entails, even to the point where it has been constantly re-defined to

reflect all of this.

The term ‘epigenetics’ was first derived by Conrad Waddington in 1942 from the theory of
‘epigenesis’ when he used it to describe “the processes involved in the mechanism by which
the genes of the genotype bring about phenotypic effects”, as well as the term ‘epigenotype’ to

describe the development processes that linked the genotype and phenotype.?

For over half a century after Waddington introduced the term, many researchers used
‘epigenetics’ to cover various topics. However, there was no consensus as to what ‘epigenetics’
truly portrayed during this period, particularly due to a second origin of epigenetics which,

according to Haig, was what made epigenetics difficult to define.?

According to Boris Ephrussi, David Nanney also used this term in 1958 to describe “all
mechanisms that regulate the expression of genetic potentialities, in contradistinction to the
truly genetic mechanisms that regulate the maintenance of the structural information”,® which
was expanded upon in a separate report as “auxiliary mechanisms with different principles of
operation are involved in determining which specificities are to be expressed in any particular
cell” in relation to control systems in cells.* However, Nanney originally coined the term

‘paragenetics’ to describe this, later changing it to ‘epigenetics’.

From this point until the early 1990s, the term ‘epigenetics’ was used in a broad sense to cover
topics such as carcinogenic effects,>® cellular differentiation®*! and control systems,'? while
at the same time, taking on multiple wide-ranging meanings (Table 1). Susan Herring perhaps

gave the most accurate summary of epigenetics during this time period when she stated that




epigenetics meant “whatever we want at the moment”, given the lack of agreement with the

definition.™
Definition Author Year
“...the science of developmental process in general...” Huxley* 1957
“...the branch of biological science which deals with the causal Sherbet®® 1966
analysis of development.”
“...an expression of the genes affecting development.” Berryetal.l® | 1967
“Directed heritable alterations in phenotypic expression” Meins et al.'® | 1977
“Epigenetic carcinogens are defined as those that do not damage Williams'’ 1983
DNA but rather, act by indirect mechanisms.”
“The changes in gene activity during development...” Holliday'® 1987
«...heritable causal interactions between genes and their products | Cowley™® 1992
during development that arise externally to a particular cell or
group of cells and condition the expression of the cell's intrinsic
genetic factors in an extrinsic manner.”
“...the dynamic interaction between the genome and its Herring®® 1993
environment, and its study is the study of the mechanisms which
effect ontogeny.”

Table 1. Reported definitions of epigenetics before 1994,

In 1994, Holliday put forward two definitions to epigenetics to break this impasse. The first
definition covered all types of deoxyribonucleic acid (DNA)-protein interactions, as well as
changes on the DNA level: “the study of the changes in gene expression, which occur in
organisms with differentiated cells, and the mitotic inheritance of given patterns of gene
expression”. The second definition covered the transmission of information from one
generation to another: “nuclear inheritance which is not based on differences in DNA
sequence”. Both of these definitions were created in an attempt to cover all epigenetic processes
known at the time. While they accomplished this, it was admitted that they only do so when

both meanings were put together. As separate meanings, they were incomplete.?

In 1996, the meaning of epigenetics was condensed further. Riggs et al. defined epigenetics as
“the study of mitotically and/or meiotically heritable changes in gene function that cannot be
explained by changes in DNA sequence”.? Wu and Morris in 2001 also gave a similar

meaning: “the study of changes in gene function that are heritable and that do not entail a
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change in DNA sequence”,?? but made no reference to Riggs et al. Regardless, these definitions
became the most commonly used in relation to epigenetics today.?*?® While there is some
degree of consensus, a few people still had issues with the scope of epigenetics, particularly in

relation to heritability.

Adrian Bird acknowledged the problem with having multiple known definitions of epigenetics
in 2007, drawing attention to the rift between the definitions provided by Waddington and
Riggs et al. and offered an alternative definition: “the structural adaptation of chromosomal
regions so as to register, signal or perpetuate altered activity states”.*® According to Bird, this
definition includes a focus on chromosomes and genes, as well as the idea that epigenetic
systems respond to changes created by certain events, such as a development switch in gene

regulation, instead of establishing such a change.*°

In 2008, a meeting was hosted by the Banbury Conference Center and Cold Spring Harbor
Laboratory to discuss the definition of ‘epigenetics’ and reach a consensus. As outlined by
Berger et al., the proposed definition, “a stably heritable phenotype resulting from changes in
a chromosome without alterations in the DNA sequence”, focused on the inheritance of a

phenotype while discussing different signal types that covered a stable epigenetic state.!

Bonasio et al. also recognized the above meanings in 2010 and provided their own perspective.
They labelled epigenetics more literally as “the inheritance of variation (“-genetic’) above and
beyond (“epi-") changes in the DNA sequence” while looking at epigenetic signals that altered

a cell’s transcriptional state and heritability.3?

Lastly, in 2014, Jeffrey Mann also drew upon some of these recent definitions, pointing out
that the previously-used term ‘epigenetic inheritance’ had the same meaning as ‘epigenetics’
in relation to inherited epigenetic states, thus rendering the ‘inheritance’ part redundant. A

proposal was put forward to refer to these states as part of ‘memigenetics’, with the prefix
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‘memi-’ being “a contraction of ‘memoepi-’, and therefore is intended to mean a ‘remembering’

of what is ‘over’”.%

While many groups nowadays use the definition — exact or varied — provided by Riggs et al.
and Wu et al., the debate still continues as to what fields epigenetics encompasses and what it

excludes.

1.1.1 Dutch Hunger Winter

One of the key components that formed the definition of epigenetics is inheritance. The Dutch
Hunger Winter is a commonly referenced example in history that demonstrates phenotypic

inheritance across generations.

Between November 1944 and May 1945, near the end of World War 11, a Nazi-occupied region
of the Netherlands was blockaded, resulting in an extreme shortage of food supplies to the
Dutch population. Adding to these woes was a winter period that arrived earlier and harsher
than usual. Around 3.5 million people were affected by this famine to the point of surviving on
less than 500 kilocalories (kcal) per day. In an active lifestyle, the average daily intake for a
woman is 2,300 kcal, while a man requires 2,900 kcal. By the time food supplies were restored,

more than 22,000 people had died.>*

While tragic, this famine created a unique study population where epidemiologists monitored
the long-term effects of those who suffered from malnutrition. The main focus was the birth
weight of children who were subjected to this period of time. If a mother was well-fed during
conception, but malnourished for the last few months, the baby was born smaller than usual.®
Conversely, if a mother was malnourished during conception but well-fed for the last few
months, the baby was normal-sized.?® After studying these babies for decades, their
development was surprising. The babies who were born small had remained small and the rate

of obesity was lower than the general population.®” Even more strikingly, the normal-sized
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babies not only had higher obesity rates,®® but an increase in other health problems, including

mental health.3% 40

The Dutch Hunger Winter serves as a prime example of the inheritance aspect of epigenetics,
as changes to our environment can shape us — and future generations — biologically, even when

our genetic code remains the same.

1.2 Epigenetic Requlation

Epigenetic regulation is important for various biological processes. Using the definitions
provided by Riggs et al. and Wu et al., there are three known ways the epigenome is regulated:

DNA modification, RNA interference and histone post-translational modification.

1.2.1 DNA Modification

DNA modification is the alteration of DNA bases to regulate gene expression in animals and
plants. So far, the only modified bases to have been reported are cytosine** and adenine.*?

Figure 1 shows the pathways of these modifications and their respective products.

The most studied modification to date is the methylation of cytosine to create 5-methylcytosine
(5mC). The existence of 5mC can be traced back to as early as 1925 when Treat Johnson and
Robert Coghill reported to have discovered it in tubercle bacillus as a hydrolysis product from
tuberculinic acid.** However, Vischer et al. were unable to replicate this experiment.** Rollin
Hotchkiss was able to confirm the presence of 5mC from a sample of calf thymus DNA in 1948
when he noted that a modified cytosine (“epicytosine”) had the absorption characteristics of
cytosine and shared a similar absorption and mobility relationship to thymine and uracil.* It
wasn’t until 1975 when, using different DNA methylation models, it became associated with

gene regulation and differentiation in bacteria and other organisms. ¢4
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enzymes, which add a hydroxyl group to the 5-methyl moiety and then oxidise it to a formyl
and carboxyl group; activation-induced cytosine deaminase (AID) or apolipoprotein B mRNA
editing enzyme, catalytic polypeptide-like (APOBEC) enzymes, which deaminate the amine;
and TDG enzymes, which replace the modified base with a cytosine. [B] DNA adenine
methyltransferase (DAMT) enzymes methylate adenine to give N®-methyladenine. The methyl
group is then removed by either N8-methyl adenine demethylase (NMAD) enzymes or alpha-
ketoglutarate-dependent dioxygenase (AIkB). The latter gives a hydroxyl and formyl

intermediate before returning adenine to its original state.

DNA methylation is carried out by methyltransferase enzymes DNA methyltransferase 1
(DNMT1), 3A and 3B using S-adenosyl methionine (SAM) as the donor (Figure 2). DNMT1
is responsible for maintaining DNA methylating patterns during cell division,®® while
DNMT3A and 3B are de novo methyltransferases which determine the pattern and extent of
DNA methylation during foetal development.®® This modification is important for functions

which include X chromosome inactivation*® and genomic imprinting.>2
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1.2.2 RNA Interference

RNA interference (RNAI) is the process of converting non-coding RNA (ncRNA) molecules
to inhibit gene expression and translation through the degradation of specific messenger RNA
(mMRNA). The first instances of RNAi were discovered in the early 1990s in plants®® and fungi®*
where it was originally referred to as “co-suppression” and “quelling”, respectively. The first
successful application of RNAI was reported in 1998 by Fire et al.*® through injecting double-

stranded RNA (dsRNA) in C. elegans to interfere with RNA transcripts.

RNAI is triggered by dsSRNA that is cleaved via the ribonuclease (RNase) 111 endonuclease
Dicer®® to create small interfering RNA (siRNA) molecules of approximately 25 nucleotides

in length. These molecules are then taken up into the RNA-induced silencing complex
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(RISC) by the RISC Loading Complex (RLC), which consists of Dicer complexed with TAR
RNA binding protein (TRBP) and the Argonaute cleavage protein Argonaute-2 (Ago-2).>’
Once loaded, Ago-2 cleaves off one of the siRNA strands (the passenger strand) which is
then degraded. The other strand (the guide strand) is retained, activates the RISC and seeks
out mRNA with sequences that match the guide strand. Once a complementary strand is
found, the mRNA is cleaved by Ago-2°8 and the expression of the gene related to the mRNA
is silenced (Figure 3). The biological role of RNAI is that of a defence mechanism for
preventing viral infections,*® ¢ but over time, RNAi became an integral tool for determining

gene function®® %2 and is being explored as a therapeutic option.5% 64

1.2.3 Histone Modification

Histones are alkaline proteins that are a key component of chromatin. These proteins are found
inside eukaryotic cells and act as ‘spools’ to compact long strands of DNA. There are five
known types of histones. Four of these (H2A, H2B, H3, H4) exist as dimers. Together with
145-147 base pairs of DNA, they make up one nucleosome.® The fifth histone unit (H1) acts
as a linker histone which resides outside of the nucleosome.®® Together with 10-80 base pairs
of DNA, it connects two nucleosomes via the DNA entry and exit sites of the nucleosome to
produce a higher-order chromatin structure called the chromatosome (Figure 4).6” The four
histone dimers possess exposed residue tails that undergo a variety of post-translational
modifications (PTMs) that include mitosis,®® transcriptional regulation,?®-"* and DNA repair.”
DNA and histones exist in a negatively — and positively — charged state, respectively. Certain
modifications, such as acetylation and citrullination, have the capacity to neutralise the positive
charge on histones. The loss of this charge weakens the association between histones and DNA,

relaxing the chromatin structure and increasing accessibility for transcriptional machinery.”
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Figure 3. The RNAI pathway, showing the generation of sSiRNA molecules from dsRNA to be
taken up by the RISC, which is then used to cleave mMRNA and silence gene expression.
dsRNA, double-stranded RNA; siRNA, small interfering RNA; Ago-2, argonaute-2; TRBP,

TAR RNA binding protein; RISC, RNA-induced silencing complex; mMRNA, messenger RNA.

1.2.4 The Histone Code

The observation of complex combinations of modifications on histone residues has led to the
hypothesis that these modifications are responsible for modulating the state of chromatin and
the downstream effects associated with it. This hypothesis has been called the “histone code”’*
and it has led to the idea that three protein families are responsible for its governance. The first
family of proteins catalyse the transfer of a functional group from a donor substrate and attach
it to an exposed residue tail. The second family recognizes the modified residue and mediates
the aforementioned downstream effects. The third family catalyses the removal of the moiety
from the residue and returns it to its original state (Figure 5). Lysine acetylation and
methylation were among the first PTMs to be discovered in 1964.” Since then, many more
PTMs have been uncovered.”®’® Even to this day, the list of known PTMs is gradually
expanding. Table 2 lists a majority of these modifications including their general functions. In

this work, the main focus will be on the ‘readers’ of acetyl-lysine (K-ac): the bromodomain.
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Modification Residue(s) Affected Function(s)
Acetylation Lysine Chromatin remodelling®!

Serine DNA repair®

Threonine DNA replication®
Propionylation Lysine Transcriptional activation®
Butyrylation Lysine Transcriptional activation*
Crotonylation Lysine Transcriptional activation®®
2-Hydroxyisobutyrylation Lysine Associated with transcription

and translation processes®

Malonylation Lysine Cellular metabolism®’
Succinylation Lysine Cellular metabolism®’
Glutarylation Lysine Cellular metabolism®’
Methylation Lysine Transcriptional activation®®

Arginine Transcriptional repression®®
Formylation Lysine Loss of protein function®
Phosphorylation Serine Transcriptional activation®

Threonine DNA repair®

Tyrosine Apoptosis®

Histidine
Ubiquitination Lysine Transcriptional activation®*
SUMOylation Lysine Transcriptional repression®
ADP ribosylation Glutamate DNA repair®

Lysine Cell cycle regulation®®
Citrullination/Deimination Arginine Transcriptional repression®’

Table 2. List of histone PTMs and their respective functions.:°

enzyme

Residue tail

Functional group

Donor substrate

Writer

Reader
protein

Eraser
enzyme

Figure 5. General schematic of the attachment of a functional group by writer enzymes, the

recognition of the modified tail by reader proteins, and the removal of a functional group by

eraser enzymes on histones.
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1.3 Bromodomain Structure

The bromodomain was first identified in 1992 by Tamkun et al.!® and named after the
Drosophila gene brahma. Since then, it has been recognized in a wide variety of proteins

101 geetyltransferases,'%21%  chromatin ~ remodelling

including  methyltransferases,
complexes,1®1%7 and transcriptional regulators®®1! in multiple organisms including humans,

yeast''? and parasites.**® 114

The three-dimensional structure of the bromodomain was first revealed by Dhalluin et al.** in
the histone acetyltransferase (HAT) protein p300/CBP-association factor (PCAF) through
nuclear magnetic resonance (NMR) experiments. The bromodomain consists of a set of four
a-helices (aZ, aA, aB, aC) arranged in a left-hand twist, which are connected by two
interhelical loops (ZA, BC) with a cavity formed by the loops. This cavity is the binding pocket
where modified lysine residues bind (Figure 6 and Appendix A). Originally, bromodomains
were observed to bind K-ac, but a select few were also found to bind propionyl-lysine (K-pr),1®
butyryl-lysine (K-bu)!!® 17 and crotonyl-lysine (K-cr)!’ residues. There are four or five water
molecules that form the base of the pocket with the added support of a “backstop” residue.!®
The primary interactions between K-ac and the bromodomain are a direct hydrogen bond with
the side chain of a highly conserved asparagine residue, and a water-mediated hydrogen bond
with a conserved tyrosine residue.!'® 1% The bromodomain-containing proteins (BCPs) that
have been discovered are grouped into eight families based on their structural and sequential
similarities.’> While bromodomains can span between 90-120 amino acids, their three-

dimensional structure remains comparatively consistent.
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Figure 6. X-ray crystal structure of BRD4 Bl (PDB: 3UVW). [A]. a-helices and loops shown.

[B] Cutaway view to show the cavity. [C] Close-up of the binding pocket with the interactions
between K-ac (purple blue) and the conserved Asnl140 and Tyr97 (white) shown. Water
molecules shown as red spheres. Pro86, Val87 and Asp88 were hidden for better visualisation.

Distances in A, highlighted by red dashes. Images generated by Joseph Hilton-Proctor.

The reported number of bromodomains in humans is 61 bromodomains in 46 different proteins
(Figure 7).1212 However, this excludes the relatively-unknown protein KIAA2026,%* which
only exists as an entry in the human gene database, as well as certain protein isoforms. For

example, there are two known isoforms of bromodomain-containing protein 3 (BRD3)!? and

B ———————————————
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three known isoforms of BRD4,%6 but only one of each is counted, possibly due to each group
of isoforms sharing the same sequence from the first amino acid to after the second tandem

bromodomain (Figure 8).

Figure 7. Bromodomain phylogenetic tree highlighting each group and including KIAA2026.
N.B. This tree shows 62 bromodomains. Reprinted with permission from Smith SG, Zhou MM.
The Bromodomain: A New Target in Emerging Epigenetic Medicine. ACS Chem Biol.

2016;11(3):598-608. Copyright 2016 American Chemical Society.*?’
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Figure 8. Schematics of identical BCPs. [A] CBP and EP300. These two BCPs share a high
percentage of homology,'?® but are still considered separate. [B] The three isoforms of
BRD4.1% Only one isoform is counted due to the identical sequence of each isoform. TAZ,
transcription adaptor putative zinc finger; KIX; kinase-inducible domain interacting domain;
BD, bromodomain; PHD, plant homeodomain; HAT, histone acetyltransferase; ZZ, ZZ-type

zinc finger; ET, extra-terminal domain; CTD, C-terminal domain.

There are three features that contribute to the binding selectivity between each bromodomain.
The first feature is the ZA channel, which is formed by the ZA loop just outside the binding
pocket. 120 13! This area can contain its own network of structural water molecules. The second
aspect is a shelf that lies adjacent to the ZA channel. This is often referred to as the WPF shelf,
given its name from the three amino acids that form it in human bromodomain and extra-
terminal domain (BET) bromodomains, although the residues are not conserved among other
bromodomains.®? The differences in these residues affect the polarity and flexibility of the
binding site. For example, the shelf of the first bromodomain of BRD (BRD4 BD1) consists of
Trp81, Pro82 and Phe83, making it rigid and non-polar. In comparison, the shelf of ATPase
family, AAA domain-containing protein 2 (ATAD?2) is more flexible and polar because of the
arginine and valine residues that are in place of the tryptophan and proline residues.’®® The

third feature is a single non-conserved residue called the ‘gatekeeper’ which is positioned at
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the start of the aC-helix. This residue defines the shape of the binding site and can affect the
conformation of certain ligands.*** Bromodomains such as cyclic AMP response element
binding protein binding protein (CBP) and BRD4 have a small residue such as an isoleucine or
valine that serves as a gatekeeper. Bromodomains such as BRD9 possess a bulkier residue such

as a tyrosine, which prevents access to the shelf (Figure 9).1%

gatekeeper (purple) residues highlighted. [A] BRD4 BD1 (PDB: 3UVW). The ‘reference’

bromodomain. The shelf has commonly been referred to as the “WPF shelf” because of three
amino acids that form it (Trp81, Pro82 and Phe83). [B] CBP (PDB: 3P1D). CBP possesses a

good degree of similarity to BRD4 in all three segments, despite being in a different family.
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The change from a tyrosine to a leucine (Tyr81 to Leul109) in the shelf opens the site for
bulkier compounds.'3® [C] ATAD2 (PDB: 4QSS). The ZA channel of ATAD2 possesses a
shorter sequence and multiple negatively charged residues (Asp1014, Asp1016 and Glul017),
while the shelf contains an arginine (Arg1007). The increased polarity and flexibility, and
decreased depth of the binding pocket make ATAD2 more difficult to interact with.*** [D]
BRD9 (PDB: 5IGN). BRD9 also has a shorter ZA channel sequence, but it is less polar than
ATAD?2. The bulky gatekeeper residue (Tyr106) allows for n-m interactions, but restricts access

to the shelf.’*® Images generated by Joseph Hilton-Proctor.

While the binding pocket itself is seen as a desirable target for small molecule inhibitors, the
above features can impact the druggability of the bromodomain.®*” However, paying particular

attention to these details can assist in obtaining the desired selectivity between bromodomains.

1.4 (+)-JO1 and I-BET762 — The First BET Bromodomain Ligands

The main goal for targeting a bromodomain is to block K-ac from binding to it. The first
compounds to be described that achieve this in a potent and selective manner were (+)-JQ13%
and 1-BET762.1% Despite being developed by separate groups using different methods, both
compounds were published in the same issue of Nature'3 1*° and possess similar features: a
methyltriazolodiazepine scaffold with a stereogenic centre. Both of these compounds bind to
BRD4 in the same manner: the methyltriazole portion of each molecule acts as the K-ac

mimetic to prevent K-ac from binding to the bromodomain (Figure 10).
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Figure 10. Comparison of (+)-JQ1 (yellow) (PDB: 3MXF) and I-BET762 (purple) (PDB:
3P50). [A, B] Chemical structures. [C, D] X-ray crystal structures of each compound bound
to BRD4 BD1. Water molecules shown as red spheres. Pro86, Val87 and Asp88 were hidden

for better visualisation. Distances in A, highlighted by red dashes.

Filippakopoulos et al. designed (+)-JQ1 as a “prototype ligand” based on molecular modelling
efforts with BRD4 BD1, with the methyltriazolodiazepine scaffold being selected from a patent
filed by Mitsubishi Tanabe Pharma. 4’ The t-butyl ester group was selected for two purposes:
to allow pendant group diversity and to mitigate binding to the central benzodiazepine receptor.
Isothermal titration calorimetry (ITC) experiments revealed that (+)-JQ1 had bound to the
majority of bromodomains in the BET family with dissociation constant (Kq4) values in the

nanomolar range (K¢ = 49 — 190 nM), while in amplified luminescence proximity
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homogeneous assay screens (AlphaScreens) with a tetra-acetylated histone H4 peptide, (+)-

JQ1 recorded ICso values of 77 nM and 33 nM for BRD4 BD1 and BD2, respectively.1®

Despite its affinity, (+)-JQ1 has not been submitted for clinical trials. While (+)-JQ1 did
possess some favourable pharmacokinetic aspects in cluster of differentiation 1 (CD1) mouse
models such as oral bioavailability (F = 49%), peak plasma concentration (Cmax = 1180 ng/mL)
and drug exposure (AUC = 2090 hr*ng/mL), its main drawback was the relatively low half-
life (0.9 hr intravenous, 1.4 hr oral). In spite of this, it has been extensively tested as a probe
and remains the most studied bromodomain inhibitor to date. (+)-JQ1 has been tested to
showcase bromodomains as a potential target for human immunodeficiency virus (HIV),41-145
cardiovascular diseases,**¢-1%¢ inflammatory diseases,***>® male contraception'>* and multiple

types of cancer'>>162 (Mechanisms explained in Section 1.5.1).

Nicodeme et al.'® used a phenotypic screening approach to develop I-BET762 (alternate
names: GSK525762A, molibresib). As reported by Mirguet et al., their approach started with
an Apolipoprotein Al (ApoAl) luciferase reporter in a human hepatoma G2 (HepG2)
hepatocyte cell-line to screen for upregulators of reporter activity. This led to the identification
of a benzodiazepine, which was used as a starting point for a medicinal chemistry-driven
program to optimize the efficacy in the ApoAl assay, while admitting to the lack of any
knowledge of the target at the time. Pull-down experiments revealed that benzodiazepines were
general binders of bromodomains.’®* Structure-activity relationship (SAR) optimizations
focused around the benzodiazepine phenyl rings to improve inhibition and the carbamate to

prevent hydrolysis at acidic pH. This work culminated in the development of I-BET762.

The pharmacokinetic properties of I-BET762 were tested in four different species, compared
to one in (+)-JQL. Its oral bioavailability was seen as “moderate” in rats (F = 27%) but was

higher in mice, primates and dogs (F = 61%, 52%, 44%, respectively). The half-life showed
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the same spread, with rats showing the lowest half-life (0.5 hr), but was higher in the other
animal models (1.5 hr in mice and primates, 5.9 hr in dogs). Additionally, it was seen to have
low potential in inhibiting human Cytochrome P450 (CYP) isoforms.*®® Unlike (+)-JQ1, I-
BET762, has been submitted for clinical trials. As this moment, it has been identified in seven
clinical trials,%>*"* but only the Phase I trial for ‘Drug Interactions’ has been completed. Phase

I/11 trials for cancer, solid tumours and NUT midline carcinoma are still underway.

1.5 Post-(+)-JO1 and I-BET762

After the publication of (+)-JQ1 and I-BET762, there has been very significant interest in
targeting bromodomains, not just for dealing with diseases, but also pinpointing their specific
function where they are less well understood. A majority of the focus has been on the BET
family of bromodomains, but this has gradually branched out into many other BCPs outside
the BET family, including CBP and E1A Binding Protein P300 (EP300),%8 136 172175
ATAD2,17% 177 Bromodomain Adjacent To Zinc Finger Domain 2A/B (BAZ2A/B),1"8 179 cat
eye syndrome chromosome region, candidate 2 (CECR2),8 BRD9,3* 181182 the hromodomain
and PHD finger-containing protein (BRPF) family,'®® transcription initiation factor TFIID

Subunit 1 (TAF1)!84 and tripartite motif-containing protein 24 (TRIM24).18°

151 About BRD4

BRD4 is a ubiquitously expressed transcriptional regulator, which was originally given the
name mitotic chromosome-associated protein (MCAP) for its association with mitotic
chromosomes and regulation of the cell cycle.!® It belongs to a family of four similarly
structured BCPs which are collectively known as the BET family, given that each protein
contains two tandem bromodomains and an extra-terminal (ET) domain. Despite being the last

human BCP in the BET family to be discovered chronologically, BRD4 has quickly become
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one of the most studied BCPs today with over 350 PubMed entries; more than the other three

BET proteins combined, and more than the majority of other BCPs.

There are three different isoforms of BRD4, all of which possess both bromodomains and the
ET domain. The sequences between these isoforms from the first amino acid to after the ET
domain seem to be completely identical. The HAT motif and C-terminal domain (CTD) are
exclusive to the long isoform of BRD4, as the two shorter isoforms lack these regions (Figure

8).126

The bromodomains of BRD4 recognize K-ac in both histone and non-histone proteins. In early
immunoblotting assays, the most notable histone marks that bound to BRD4 were H3K14ac,
H3K9K14(ac), and H4K5K12(ac)2*% However, there was no description as to whether either
or both bromodomains recognized these histones. SPOT assays completed later by
Filippakopoulos et al.'? revealed the interactions between individual bromodomains and
different histone marks. Both bromodomains of BRD4 are known to recognize K310ac of
RelA, a subunit of the inflammatory and immune response regulator nuclear factor kappa-light-
chain-enhancer of activated B cells (NF-«xB). This binding, in co-operation with the HAT
protein EP300, co-activates the transcriptional activation of NF-xB.®” BRD4 BD2 also
participates in the binding of the positive transcription elongation factor b (p-TEFb) subunit
Cyclin T1 through the recognition of three K-ac residues: K380ac, K386ac and K390ac.8 This

binding works in tandem with the CTD of BRD4, which will be explained later.

The ET domain mediates its own activation of transcription through binding to different
effectors including nuclear receptor binding SET domain protein 3 (NSD3)% 1% and jumoniji
domain-containing protein 6 (JMJD6).! These effectors have been shown to contribute to the
full activation of bovine papillomavirus 1 (BPV1) by BRD4 and the transcriptional regulation

of BRD4-related target genes.'8®
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BRD4 was also found to have its own intrinsic HAT activity,'®? but it has its own selectivity
towards H3 and H4 histones compared to other HATs. BRD4 was found to acetylate K8, K5,
K12 and K16 on histone H4 in decreasing order of preference, but not K14 or K56 of histone
H3. The most striking revelation was that BRD4 acetylated H3K122, a modification known for
causing histone eviction and nucleosome instability.'®® Through this modification, BRD4 was

able to clear nucleosomes from chromatin.

The last domain of BRD4 is the CTD, which is sometimes called the p-TEFDb interaction
domain (PID), given that its main interaction is with p-TEFb.18194.1% The interaction between
the CTD of BRD4 and the p-TEFb subunit cyclin-dependent kinase 9 (CDK9) stimulates the
kinase activity of p-TEFb which causes the phosphorylation of the RNA polymerase 1l (RNA
Pol I1) CTD,*® 17 which is needed for the recruitment of splicing factors.!%® Together with the
binding between Cyclin T1 and BRD4 BD2, p-TEFb transcription becomes fully active.

However, this binding is often in competition with the transactivator of transcription (Tat).*®°

Before high-affinity ligands were reported and BRD4 became an appealing target, it was
primarily associated with papillomaviruses,?®-2°2 small DNA viruses that are associated with
warts and cervical cancer; and NUT midline carcinoma (NMC),2% 204 3 rare but highly
aggressive form of squamous cell carcinoma. Since then, BRD4 inhibition has been
increasingly connected to other diseases, such as cardiovascular diseases, HIV, inflammatory

diseases and various types of cancers.

15.2 Association with Disease States

Bromodomains and their respective proteins have been linked to many different diseases. The
first ligands, (+)-JQ1 and I-BET762, were used as probes to assess the therapeutic potential
of inhibiting bromodomains. Since then, many more inhibitors have contributed to that

knowledge. This section discusses how each disease is connected to bromodomain inhibition.
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15.2.1 Cardiovascular Disease

Cardiovascular disease is a term used to describe various diseases that relate to the heart and

blood vessels. Examples of these conditions are outlined in Table 3.

Cardiovascular disease is currently the leading cause of healthcare expenditure, hospitalization
and mortality in the modern world with nearly 18 million deaths attributed to cardiovascular
diseases in 2016, accounting for 31% of global deaths.?%® Cardiovascular disease is also costly
in Australia. During 2008-09, 10.4% (AU$7.7 billion) of healthcare expenditure was attributed
to cardiovascular diseases, the most out of all disease groups.?%® This trend is expected to
continue with costs rising to AU$16.8 billion by 2022-23 and AU$22.6 billion by 2032-33
based on 2008 projections.??” Cardiovascular disease also remains one of the major causes of

death in Australia with 27-34% of all deaths related to cardiovascular diseases during 2008-

17.208

Cardiovascular Disease Type | Definition

Coronary Artery Disease Disease of the blood vessels supplying the heart

Heart Failure Weakened blood flow to the body

Cardiomyopathy Thickening, enlarging, or stiffening of the heart muscle
which reduces the effectiveness of the heart

Congenital Heart Defect Defects of the heart or blood vessels present at birth,
which include

Peripheral Heart Disease Disease of large arteries that supply blood to the
peripheries

Cerebrovascular Disease Disease of the blood vessels supplying the brain

Rheumatic Heart Disease Disease that damages the heart valves caused by rhematic
fever, which is caused by streptococcal bacteria

Table 3. Types of cardiovascular diseases.

There are many options available for the treatment of cardiovascular diseases, which include
lifestyle changes, medication and surgery. A comprehensive list of available medication —

209 and

including ACE inhibitors, 3-blockers and statins — is covered by the Heart Foundation
American Heart Association.?*? Despite this level of intervention, the costs to finances and

mortality still remain unreasonably high.
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Bromodomain inhibition has been examined as another potential mechanism for treating
cardiovascular diseases. However, only BET bromodomains — with the exception of BRDT —
have been assessed so far. BET proteins were found to be expressed in cardiomyocytes, but
only BRD4 expression was increased in response to phenylephrine-mediated hypertrophy.4¢
147 This created a hyperactive state of p-TEFb which has been linked to previous hypertrophic
conditions.?'t 212 The effects stemming from this cardiac remodelling were remedied through
inhibition with BET inhibitors (+)-JQ1, I-BET762, I-BET151, PFI-1 and RVX-208 (Figure
11). This could possibly be due to the disruption of binding between BRD4 BD2 and Cyclin

T1, rendering p-TEFb transcription inactive.

Overexpression of BRD4 caused by the downregulation of microRNA 204 (miR-204), a
microRNA (miRNA) biomarker in pulmonary arterial hypertension (PAH),? also led to a
decrease in p21 and an increase in nuclear factor of activated T cells 2 (NFATc2), Survivin and
B-cell Lymphoma 2 (Bcl-2),2** which are known to be overexpressed in PAH.2!> 216
Additionally, the proinflammatory cytokine interleukin-6 (IL-6) was overexpressed in a
BRD4-dependent manner, triggering DNA damage in smooth muscle cells. Together, these
events caused an imbalance of proliferative and apoptotic activities, which caused subsequent
remodelling of the heart.?!” Upon treatment with (+)-JQ1, this balance was restored and the

effects of PAH in those cells were resolved.

Some of these inhibitors have also been associated with the upregulation of ApoA1,163 218,219
an essential component of high-density lipoprotein (HDL) cholesterol, which has been linked
to a decreased risk of atherosclerosis.??® While it is known that BRD4 inhibition — out of all
four BET proteins — is solely responsible for the increase in ApoA1,%* 22! the exact mechanism

that causes this increase is still yet to be determined.??
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1.5.2.2 NUT Midline Carcinoma

NMC is a rare form of squamous cell carcinoma generated from a chromosome translocation.
This translocation causes the fusion of nearly the whole length of nuclear protein in testis
(NUT) (amino acids 6-1132) on chromosome 15 with another protein. Nearly 70% of the time,
NUT fuses with BRD4 (amino acids 1-719) due to the t(15;19) chromosome translocation
(Figure 12).2%% Other proteins have been reported to fuse to NUT, including BRD3 on
chromosome 922 and NSD3 on chromosome 8,2%* but there are more fusion proteins that have

yet to be characterized.??®

1 58 349 600 6
| D1 so1 | [
169 461 676 19 132

Figure 12. Structure of the fusion oncoprotein BRD4-NUT.226. 227

Originally, NMC was known to originate from the midline region (head, neck and
mediastinum) and occur predominantly in young adults. However, recent cases suggested that
the occurrence of NMC was not restricted by age, gender, organ or tissue. The age of known
diagnosis can range from newborns?? to the elderly, with the oldest case being a 78-year old
patient.??® Additionally, there are cases where NMC has arisen outside the midline region, such

as the bladder?? and salivary gland.?!

Despite its rarity, NMC is widely considered to be the most clinically aggressive form of
squamous cell carcinoma with more than 80% of patient deaths occurring within 1 year of
diagnosis despite intensive treatment, a median progress-free survival (PFS) rate of 6.6 months
and a median overall survival (OS) rate of 9.7 months.?*? Out of every known case of NMC,
only one patient has ever been cured.?®* NMC is also known for its poor differentiation, even
to the point where it is mistaken for other carcinomas,?* 235 meaning that it is under-diagnosed

and these cases sometimes go unrecognized. Recently, NMC has gained more recognition with
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it being added to the 2015 World Health Organization (WHO) Classification of Lung Tumours

as “NUT Carcinoma”.2%¢

When the BRD4-NUT fusion oncoprotein is formed, the NUT section recruits multiple HAT
proteins such as CBP, EP300,2%" Tat interactive protein 60 kDa (TIP60) and general control of
amino acid synthesis 5 (GCN5).2%8 So far, only the interaction between EP300 and BRD4-NUT
has been explained with the second transcription adaptor putative zinc finger (TAZ) domain of
EP300 binding directly to the NUT portion of the oncoprotein, stimulating HAT activity and
resulting in the formation of hyper-acetylated chromatin.?3” This creates a self-perpetuating
system where chromatin acetylation and subsequent BRD4-NUT recruitment become
uncontrollable, creating “megadomains” (Figure 13) which provide the main driving force of
the aggressively active gene transcription seen in NMC, as well as its increased affinity to

chromatin.2%®

When (+)-JQ1 was reported, its first use was against NMC.**® (+)-JQ1 competes with the
hyper-acetylated chromatin for binding to BRD4-NUT, and ultimately displaces the
oncoprotein from chromatin. As a result, it stops the perpetual cycle of chromatin acetylation
and BRD4-NUT recruitment, and induces growth arrest and apoptosis in NMC cells. Despite
the development of over a dozen different BET inhibitors, the only other bromodomain
inhibitor to be used in treating NMC is OTX-015, which has been used in a clinical setting.?*°
Administration of OTX-015 to patients with NMC did afford improvement to survival that
surpassed both median PFS and OS rates. While limited, it does nonetheless provide evidence

for further clinical treatment of NMC using BET inhibitors.?*°
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Figure 13. Schematic of the perpetual acetylation of chromatin by EP300 and the recruitment

of BRD4-NUT to hyper-acetylated chromatin.?®
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1.5.2.3 Myc-Related Cancer

Myc is a family of proto-oncogenes that contains three members: c-Myc, N-Myc and L-Myc. In
its physiological state, Myc serves as a master regulatory factor that responsible for regulating

241

up to 15% of all genes in humans,“** whose functions include transcription, DNA repair and

proliferation and differentiation in the cell cycle.?*? However, Myc is susceptible to mutations

from chromosome translocations and gene amplification,?*

which convert Myc into an
oncogene. In this state, Myc possesses the ability to cause overexpression and growth

acceleration in cell proliferation, metabolism and differentiation.?**

Given that Myc has been reported to lose regulation in at least 50% of all known human
cancers,?*> 2% it has been long sought after as an anti-cancer target. However, the lack of a
distinct binding site for small molecules, a predominant expression in the nucleus, and the
ability to exert its expression across multiple mechanisms, make Myc a challenging target.
Despite there still being a lack of a method to directly target Myc, there are many known

strategies to indirectly affect it.?4°

One example is to target Myc transcription through BRD4 inhibition. There have been a few
mechanisms detailing the connection between BRD4 and Myc. The first mechanism was
reported in 2008 where c-Myc expression and the association of CDK9 to c-Myc was dependent
on BRD4.24” The second mechanism, reported in 2011, mentioned that BRD4 itself regulates
Myc expression through binding to immunoglobulin heavy chain (IgH) enhancers.?*® 249 Most
recently, a third mechanism suggested that BRD4 binds to the c-Myc promoter region through
H3K27ac and induces its expression.?®® 25! Regardless of the specific mechanism with how
BRD4 activates c-Myc expression, the inhibition or knockdown of BRD4 consistently resulted

in its downregulation.
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The downregulation of Myc through bromodomain inhibition in a therapeutic setting was first
tested in a multiple myeloma model because of its previously known dysregulation. Only
BRD4 was found to be correlated with disease progression. The inhibition of Myc expression
using (+)-JQ1 was an unexpected observation, which was confirmed to be bromodomain-
specific when 1-BET762 also inhibited Myc.?®> Other BET inhibitors (I-BET151, I-
BET762,2° CPI203,°* CPI-0610,2° I-BET726,° OTX015%’ and Y08060, Figure 11)>%®
have further added to their use potential use to target Myc in multiple myeloma,?%32% put they
have also been tested in other Myc-related cancers for their potential connection to
bromodomain inhibition, including lymphoma,?® neuroblastoma,?>® medulloblastoma,?®® 261

leukemia,?>" 52 prostate,>® lung,® 262 ovarian?* and endometrial?®® cancers.

15.2.4 Human Immunodeficiency Virus Type 1

HIV is a retrovirus that weakens the immune system, allowing the body to become more
susceptible to infection, and overtime, develop into Acquired Immune Deficiency Syndrome
(AIDS). There are two known types: HIV-1, which is the more commonly observed form, and
HIV-2, which has been rarely observed outside of Africa. It is transmitted either through
unprotected sexual intercourse, or sharing injecting equipment such as needles. According to
the WHO, at the end of 2017, 36.9 million people were living with HIV globally, with 21.7
million people receiving antiretroviral therapy (ART) and nearly 1 million people dying from

HIV-related causes.256

There are five different classes of ARTs. A list of the available medication for each class is
detailed by the United States Food and Drug Administration.?®” While such treatments have
been effective in reducing viral infection, preventing its growth and allowing people to still
live healthy, normal lives, this treatment is permanent as it does not completely eliminate the

virus. Perhaps the greatest challenge in curing HIV-1 is dealing with the viral reservoirs that
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remain in infected patients. Additionally, consistent treatment sometimes leads to resistance

due to the development of viral mutations.?®® 269

One strategy that has been employed is the development of another class of agents called
latency reversing agents (LRAS). Instead of targeting the viral life cycle, LRASs bring these
viral reservoirs out of latency. In combination with ARTs and cytolysis or immune-mediated
clearance, they prevent the spread of the re-activated HIV and eliminate the infected cells,
giving rise to the phrase “shock and kill”.2”® Given that LRAs do not target the viral protein

itself, there is less risk of resistant strains forming from these treatments.

Bromodomains are one of many targets found to be useful for the ‘shock’ phase of this strategy.
As established previously, the CTD of BRD4 interacts with p-TEFb and mediates
phosphorylation of RNA Pol 11.1% 17 However, p-TEFb is also recruited by Tat, a
transcriptional transactivator protein encoded by HIV-1 which enhances viral transcription and
replication. Once p-TEFb is bound to the activation domain of Tat, it mediates transcriptional
elongation of viral proteins.?’ While BRD4 itself is not required for Tat-activated HIV-1
transcription, it does compete with Tat for binding to p-TEFb, in which BRD4 overexpression
is correlated to reduced Tat transactivation.'% (+)-JQ1 was the first bromodomain inhibitor to
be tested as an LRA. When BRD4 was inhibited, its association with p-TEFb decreased, while
association between p-TEFb and Tat increased and brought viral reservoirs out of latency in
CD4* T cells.2”2 While initial efforts with (+)-JQ1 resulted in weak reactivation, it did lay the
groundwork for the further study of bromodomain inhibitors such as UMB-136,2"® OTX015,%™
RVX-208 and PFI-1%" (Figure 11) to serve as LRAs. This includes the potential use of a
combination of LRAs to effectively reactivate HIV reservoirs.!* 2 The inhibitors have also

shown promise as While recent reviews have called for more work to be done in optimizing
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the “kill’ phase of this strategy,?’” 2’® bromodomain inhibitors are part of a promising approach

to a full-fledged cure for HIV-1.

1.5.3 Fragment-Based Drug Design

Fragment-based drug design (FBDD) was first introduced as a concept by William Jencks in
1981 who described the free energy change for a molecule binding to a protein and its
component parts as “intrinsic binding energies” as well as the energy change from translational
and rotational entropy as “connection Gibbs energy”.2’® The first demonstration of FBDD came
15 years later from Abbott Laboratories who linked a small series of micromolar fragments
discovered from NMR to create five molecules with nanomolar binding.?®° Since then, FBDD

has gradually become a viable alternative to more traditional screening approaches.

As opposed to high-throughput screening (HTS), where millions upon millions out of ~10%°
drug-sized compounds are screened,?! FBDD takes a much smaller sample size that spans in
the thousands out of ~10" potential compounds?®? and finds smaller “fragment” compounds
that, despite having lower affinity, bind more efficiently to a protein target. These fragments
are then either linked or grown into drug-like compounds with affinities that match HTS
compounds. FBDD holds many advantages over HTS, including being able to search chemical
space more efficiently, being more cost-effective, and theoretically having a higher hit-rate.?*-
285 This method has already generated several clinical-stage compounds, and at least one

approved drug.28®

Bromodomains have become a key target for FBDD efforts because their binding pocket is
seen as a suitable size and shape to occupy molecules of low weight?®” and the use of sensitive
fragment screening methods such as NMR and surface plasmon resonance (SPR) overcome the
challenge of developing other screening methods for weak binding partners.t3 While most

FBDD effects have focused on the BET family of bromodomains, it has been helpful with
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identifying novel fragments outside of this family, particularly those that were originally
predicted to be difficult to drug.?®” 28 This section will focus on what techniques have been
used to discover new bromodomain fragments, the groups that have used these techniques in
BET proteins with the resulting fragments and any efforts undertaken to evolve the fragments

into more potent hits, leads or inhibitors, regardless of whether these target the BET family.

1.5.3.1 Fragment Screening Technigues

There have been many techniques developed that have helped in the discovery and validation
of novel fragments and inhibitors. The following methods have been applied recently to

identifying new fragments for bromodomains.

The AlphaScreen is a proximity-based chemiluminescent tool that utilises coated donor and
acceptor beads that are linked via biological interactions to generate a signal.?2° When the donor
bead becomes excited from exposure to lasers, oxygen is converted to a singlet state. This then
travels to the acceptor bead and reacts with molecules contained within it. Upon activating
fluorophores within this bead, light is then emitted. When the beads are unlinked, the distance
between donor and acceptor becomes too great for the oxygen singlet to travel, therefore
preventing this reaction from occurring.?®® 2! The versatility of the AlphaScreen comes from
its ability to measure either an increase or a decrease in signal strength,**% 2% depending on the
needs of the user, as well as detecting interactions across a wide range of affinities, from sub-

nanomolar to mid-micromolar.

Surface plasmon resonance detects the binding response of molecules in real time. The most
common setup in SPR is the Kretschmann configuration where polarized light is sent through
a prism that is attached to a gold-glass sensor chip and picked up by a detector. The protein of
choice is immobilised onto the gold surface and a buffer solution is flown over it. The gold

layer is then exposed to the analyte containing the molecule. The change in refractive index
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caused by the association and dissociation of the analyte is then measured.?%® 2% Given that the
difference in refractive index is measured in this assay, labelling molecules with fluorescent or
radioactive tags are not required. This method is useful for determining the binding kinetics
and affinity of both fragment-like and drug-like compounds due to its suitability over picomolar

and millimolar affinities.?® 2%

Fluorescence anisotropy is used to measure a fluorophore’s rotational mobility. When a ligand
tagged with a fluorophore is exposed to polarized light, it enters an excited state and tumbles
in solution. In a free state, the ligand moves around freely, but the emitted light becomes
quickly depolarized. However, when the ligand is bound to a receptor, its movement becomes
more restrained and the polarization of light is more retained.?®”- 2% Fluorescence anisotropy

can be used to measure the displacement of a labelled substrate?®®

and it typically suited for
compounds with micromolar affinity. Compounds with nanomolar affinity require very low

fluorophore concentrations, which can result in a weak fluorescent signal.3%°

Nuclear magnetic resonance is a spectroscopic method that detects and measures the binding
of a molecule to a target protein. Each NMR-based technique is able to screen for these
interactions, but accomplishes this through different means. A few examples include
heteronuclear single quantum correlation (HSQC), which uses 2D spectra (e.g. *H-*N) to
detect for any protein perturbations in the absence and presence of a molecule;3%* water-ligand
observed via gradient spectroscopy (WaterLOGSY), which compares the phases of 1D spectra
between binding and non-binding compounds;3%? 3% and saturation transfer difference (STD),
which compares the intensities in 1D spectra between a free and bound ligand.3** 3® These
techniques are more suitable for identifying new fragment-like hits (micromolar to
millimolar)®°2 396308 for g protein of interest as drug-like compounds tend to suffer from slow

exchange rates between the protein and ligand.
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X-ray crystallography is a structural technique that is used to determine the three-dimensional
structure of a crystallised macromolecule, such as a protein or DNA. The crystal is exposed to
an X-ray beam that causes it to diffract in different directions to create a pattern on an imaging
plate. This is then repeated while rotating the crystal at different angles. The collective patterns
are used to generate an electron density map of the atoms and amino acids in the protein. After
refinement, the three-dimensional structure is resolved.®® This method can be used to

determine how a fragment binds to the desired target protein.3°

Virtual screening is a computational tool that identifies potential ligands based on certain
parameters. This method makes more efficient use of chemical space because, as mentioned
previously, the number of fragment-like compounds spans in the millions as opposed to the
near-infinite number of drug-like compounds. The fragments are often filtered based on desired
structural properties such as rotatable bonds or hydrogen bond donors and acceptors,®!* as well
as biological properties such as affinity®'? and selectivity between targets.!° The fragment hits

are then validated using any of the methods mentioned above.*3

15.3.2 Fragment Discovery

The techniques described above have been applied — either individually or in combination — to
identify novel mimetic fragments for bromodomains. Each fragment has been grouped by

author and can be found in Figure 14.

Dimethyl sulfoxide (DMSO) is normally the solvent of choice when carrying out the
AlphaScreen. However, in a bromodomain-based AlphaScreen done by Philpott et al.,3
DMSO was found to act as an inhibitor itself and interfered with these assays. As a result,
water-miscible solvents such as N-methylpyrrolidone (NMP), DMSO and dimethylformamide

(DMF) (A, B and C, respectively) were tested as standalone compounds in AlphaScreens
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across five different bromodomains. In these assays, NMP was found to be a fragment with

high ligand efficiency, which has laid the groundwork for the discovery of other fragments.

The 3,5-dimethylisoxazole was one such fragment that was inspired by NMP. Hewings et al 3%
identified this as a potential — albeit, serendipitous — bioisostere for K-ac in studies of methyl-
bearing heterocycles. Their work started with a dimethylisoxazole coupled to a
dihydroquinazolinone (D); a compound with unexpectedly high affinity for BRD4 BD1 and
CBP which potentially had two binding modes. X-ray crystallography confirmed that the

dimethylisoxazole acts as the K-ac mimetic.

Navratilova et al.3'® screened a total of 656 fragments against three different BCPs: BRD4,
CBP and PCAF. Using SPR with varying concentrations of DMSO, they identified three
fragments that bound to BRD4 and CBP (E-G) and two fragments to PCAF (H, ). The X-ray
crystal structures for E, H and | were solved, each interacting with the conserved asparagine
residue in the bromodomain binding pocket via the carbonyl. Just like with the AlphaScreen,
it was noted that the main challenge associated with using SPR fragment screening for
bromodomains is overcoming the interference caused by the commonly-used solvent DMSO

in detecting low-binding fragments.

Chung et al.3'" carried out a fragment screening program against every BET protein except
BRDT. They used a fluorescence anisotropy (FA) assay on 1,376 compounds, in which 132
compounds showed displacement of K-ac from at least one BET protein. From their work, five
fragments (A, J-M) were taken forward to determine their respective binding modes with X-
ray crystallography. Each fragment possesses a carbonyl that forms the canonical bonds to
asparagine and tyrosine, while an adjacent methyl fills the water pocket. Their work also

confirmed the dihydroquinazolinone (M) and NMP (A) as bromodomain fragments.
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Figure 14. Bromodomain fragments grouped by author with values reported.
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In addition to being a BET bromodomain fragment, the dihydroquinazolinone M was also
found to bind to the bromodomain of CBP. In work carried out by Rooney et al., M was
discovered from an AlphaScreen of analogues based on NMP, which retained NMP’s high

ligand efficiency.

Wang et al.3*® carried out a protein-based NMR fragment screen on BRD4 BD2. While the
exact method in which they carried out the filtering and testing of fragments was not disclosed,
their most potent hit was a pyridazinone compound (N) which shares a similar binding scaffold

as the dihydroquinazolinone and NMP.

Zhao et al.>!® screened a total of 9 million compounds from the ZINC library. This was
condensed down to 17,179 fragments based on restrictions with molecular weight, hydrogen-
bond acceptors, rotatable bonds and docking parameters with BRD4 BD1. Over 665,000
compounds were found to possess at least one of these fragments. The efforts involving binding
predictions, molecular dynamics simulations and in vitro validation through thermal shift
assays resulted in four compounds, which were selected for further testing in AlphaScreens.
The two compounds with the highest affinity from these assays (O, P) are shown in Figure 14.
The tetrahydroindolone fragment O is an intriguing mimetic because unlike the other inhibitors
depicted, it does not have an explicit methyl group that fills the water pocket, but nonetheless

binds to the bromodomain via the carbonyl.

Bennett et al.>?° briefly mentioned a screening effort on a focused library of 2,600 compounds
based around a pharmacophore model and a rational fragment design using an AlphaScreen
against BRD4 BD1. From this, an isoquinolinone hit emerged (Q). Much like with other
inhibitors and fragments before it, the K-ac mimicry comes from the carbonyl forming the
essential bonds to asparagine and tyrosine, with the N-methyl group filling out the water

pocket. The additional aromatic group further fills the binding pocket.
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1.5.3.3 Fragment-to-L ead Development

Several of these fragments have been involved in the design of potent bromodomain inhibitors.
While the majority of these fragments started off targeting the BET family, their activity has
been explored outside the BET family. The inhibitors have been grouped by mimetic scaffold

and can be found in Figure 15.

Since the report of the dimethylisoxazole fragment D by Hewings et al., it has become one of
the most exploited mimetic scaffolds in bromodomain inhibition to date. The
dimethylisoxazole alone has accounted for numerous attempts at optimization, which has seen
the development of over a dozen ligands. The majority of these serve as probes or preclinical
inhibitors for the BET family of bromodomains (1-BET151,%?* RX-37,%?2 CD161,**® UMB-
32,324 Y02234,%2° OXFBDO02,%?¢ OXFBD04,%" and compounds R,3?® 53?° and T)*° and the
bromodomain of CBP (SGC-CBP30,'% and compounds U and V).2¥! The dimethylisoxazole

has also been used in the Phase Ib clinical inhibitor PLX51107.3%2

Exploration around the tetrahydroquinaldine scaffold has remained focused on targeting the
BET family of bromodomains. Fragment J has been useful in ratifying the binding mode of the
BET inhibitor 1-BET726,%* a nanomolar inhibitor which has shown promise in the silencing
of Myec-related tumour models.*® However, it has not been submitted for clinical trials,
possibly due to its poor preclinical profile. J has also been modified into a
tetrahydroquinoxaline by two other groups. Millan et al.>** explored the potential of this
scaffold, which led to the discovery of FT001. Despite its nanomolar affinity, antiproliferative
effects and Myc suppression, the group is still seeking to optimize it further. Law et al.>* also
used this scaffold to develop selectivity between BD1 and BD2 of each BET protein. Their
lead compound, GSK340, is 50-fold selective for BRD4 BD2 over BD1, and serves as a tool

to help investigate the role of BD2 in BET proteins.
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While the indolizine fragment K was originally discovered as a BET fragment by Chung et
al.,®* there has been no known progress of its elaboration towards BET bromodomains.
However, in a BAZ2A bromodomain AlphaScreen conducted by Chen et al.,*’® its activity was
matched in BAZ2A and BRD4. The BAZ2A and BAZ2B bromodomains then became the

focus of selectivity, with medicinal chemistry-driven SARs resulting in the probe GSK2801.

The dihydroquinazolinone M inspired the development of probes in three separate
bromodomain families. Fish et al.®*® used a similar fragment (W) to develop the BET probe
PFI-1, which has assisted in highlighting the role of BET bromodomain inhibitors in leukemia
and HIV. GlaxoSmithKline discovered ATAD?2 inhibitors using another fragment based off of
M (X).33" Despite X starting with inhibitory activity that was preferable to BRD4 over ATAD2,
it was successfully optimized®® to yield the first-ever nanomolar, selective and cell permeable
probe for ATAD2: GSK8814.17® Lastly, Rooney et al.>*° used M for the development of CBP
probes. Due to M’s susceptibility to oxidation, the core scaffold was redesigned into two
alternate mimetics: a benoxazinone (Y) and a dihydroquinoxalinone (Z). While the affinity of

Y for CBP was lower than M, Z showed a 91-fold improvement compared to M.

Despite the pyridazinone fragment N being discovered much more recently than other
fragments, AbbVie have already reported a few low nanomolar inhibitors. The most notable
ligand in this series is the clinical inhibitor ABBV-075%° (alternate name: mivebresib), which
is in a Phase I clinical trial for the treatment of several different cancers and carcinomas. It has
also served as a template for constrained tetracyclic derivatives. Among these derivatives, the
N-methylpyridone mimetic was preserved (e.g. AB), but was also swapped for an N-
methylpyrrole (e.g. AC).3* Separately, Wang et al.3!® explored the potential of N in a series of
macrocycles (example: AA). All of these derivatives showed similar affinity for BRD4

compared to ABBV-075.
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Figure 15. Compounds elaborated from known fragments with binding or inhibition values

reported. [A] Starting fragment. [B] Reported inhibitors.

Over the past decade, the bromodomain has become a target for inhibitor design, with a variety
of mimetics and scaffolds being developed. Multiple techniques have been applied to explore
the binding site of the bromodomain and not only achieve the desired selectivity, but to also
establish the role it plays in the whole protein. Even though this chapter provides an in-depth
coverage of the work done on the bromodomains of BRD4 and scratches the surface on non-
BET inhibitors, in truth, this still only covers a fraction of the overall work carried out to

determine the physiological and pathological function of the bromodomain in each BCP.

1.6 Project Aims

We believe that there are certain mimetic scaffolds that remain undiscovered or untouched in
the search for novel inhibitors. The primary aim of this PhD project is to employ different
strategies to synthesise a variety of potential bromodomain inhibitors using these untouched
mimetic fragments and to evaluate their effectiveness in preventing K-ac from binding to
bromodomains. The two fragments that will be explored in this project are N-
methylpyrrolidone and 5-methyl-3-aryl-1H-pyrazole. These fragments will be used as part of
three different design strategies: acetamide substitution, fragment growing and the “poised

fragment” library.

1.6.1 N-Methylpyrrolidone

NMP is an organic solvent widely used in industrial applications such as paint stripping and
graffiti removal, as well as pharmaceutical applications like solubilising hydrophobic drugs®*?
and depot injections, remarked for its low volatility, high boiling point and low toxicity in

humans.
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The first records of NMP’s mimetic activity came from Philpott et al.,3* who as previously
mentioned, compared NMP to K-ac in five different bromodomains, with NMP’s inhibitory
activity rivalling K-ac in most cases. Chung et al.®'” also compared the mimetic properties of
NMP to other fragments in three BET bromodomains, but its activity was near undetectable at

the given concentrations.

At the moment, there are seven crystal structures available where NMP is bound to a
bromodomain (Figure 16). Six of them share the same interactions and orientation; the carbonyl
of NMP imitates the interactions to asparagine and tyrosine, while the N-methyl group
replicates the K-ac methyl in the water pocket. The outlier to this group is PHIP BD2, where
the conformation is flipped around the carbonyl and the N-methyl group points away from the
water-lined pocket. On top of that, it is one of the few bromodomains where the asparagine is

not conserved, and instead replaced with a threonine.'?!

Compared to other fragments, the therapeutic applications of NMP have been explored to a
much greater degree. Well before it was known to mimic K-ac in bromodomains, NMP
demonstrated properties of bone regeneration and osteoclast differentiation inhibition,343-34
Even today, the evidence towards NMP being used as a treatment for osteoporosis and other
bone-erosive diseases is accumulating.*7-3>0 Additionally, Shortt et al. made the serendipitous
discovery that NMP possessed anti-myeloma and immunomodulatory activity.** Surprisingly,
it is being used in a Phase I clinical trial as a first-in-class dual immunomodulator (IMiD) and

bromodomain inhibitor for treating relapsed refractory multiple myeloma.32
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CBP (PDB: 3P1D) PB1 BD5 (PDB: 3MB4) PHIP BD2 (PDB: 3MB3)

-
SMARCA4 (PDB: 3UVD)

Figure 16. Known X-ray crystal structures of NMP bound to bromodomains. Water

molecules shown as red spheres. Distances in A, highlighted by red dashes.

NMP has inspired the development of other mimetic warheads such as the dimethylisoxazole
D, benzoxazinone Y and dihydroquinoxalinone Z described above. While these three
fragments have yielded ligands for both inside and outside the BET family, we noticed that
these efforts have not been applied to the NMP scaffold in the same manner, in spite of its own
therapeutic potential and bromodomain inhibition. In order to prove NMP’s capacity as a

mimetic for bromodomains, the aim is to functionalise NMP in such a way that the derivatives
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can be used to appropriately substitute the K-ac mimetic of a known inhibitor while retaining

its inhibitory activity, as well as grown with improved affinity into potential lead candidates.

1.6.2 5-Methyl-3-aryl-1H-pyrazole

As covered in Sections 1.4 and 1.5, there have been a large amount of non-acetylated
heterocyclic scaffolds created that serve as K-ac mimetics, which include triazoles, isoxazoles
and quiazolinones (Figures 11, 14 and 15). While these scaffolds have proved to be successful
with many of these moving into clinical trials or serving as probes, the need to create ligand-

efficient fragments from novel mimetics still remains.

We hypothesised that another scaffold — the pyrazole — could be a potential isostere to these
heterocyclic inhibitors as it bears a strong resemblance to most of them. However, much like
with NMP, there are no reports of it being used as a mimetic fragment in bromodomain
inhibition. In order to prove that the pyrazole has the potential to be an K-ac mimetic, the aim
is to develop a “poised fragment” library of substituted pyrazoles by devising a synthetic
scheme that can allow for quick and efficient elaboration with a focus on 5-methyl-3-aryl

derivatives.
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Chapter 2 — Synthesis and Elaboration of N-Methylpyrrolidone as
an Acetamide Fragment Substitute in Bromodomain Inhibition

Keywords

BRD4, Bromodomain, K-ac, NMP, Olinone

Abbreviations

ATAD2, ATPase Family AAA Domain-containing Protein 2; BCP, Bromodomain-containing
Protein; BET, Bromodomain and Extra-terminal, BRD#, Bromodomain-containing Protein #;
BRD4 BD1, First Bromodomain of BRD4; CBP, Cyclic Adenosine Monophosphate Response
Element Binding Protein; FBDD, Fragment-based Drug Design; K-ac, Acetyl-lysine; IRF-4,
Interferon Regulatory Factor 4; LE, Ligand Efficiency; LPS, Lipopolysaccharide; NHA, Non-
hydrogen Atom; NMP, N-Methylpyrrolidone; NMR, Nuclear Magnetic Resonance; PHIP,
Pleckstrin Homology Domain Interacting Protein; RMS, Root Mean Square; SAR, Structure-
Activity Relationship; SD, Standard Deviation; SEM, Standard Error of Mean; SMARCAA4,
SWI/SNF Related Matrix Associated Actin Dependent Regulator of Chromatin Subfamily A

Member 4; vdW, van der Waals; WPF, Tryptophan-proline-phenylalanine.

Abstract

N-Methylpyrrolidone is a solvent molecule which has been shown to compete with acetyl-
lysine-containing peptides for binding to bromodomains. From crystallographic studies, it has
also been shown to closely mimic the acetamide binding motif in several bromodomains, but
has not yet been pursued as a fragment in bromodomain inhibition. In this paper, we report the
elaboration of N-methylpyrrolidone as a potential lead in fragment-based drug design. Firstly,
N-methylpyrrolidone was functionalised to provide points for fragment elaboration. Two of

these derivatives were then utilised as part of analogues of the reported bromodomain inhibitor,
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Olinone. X-ray crystallography revealed that the modified analogues showed comparable

binding affinity and structural mimicry to Olinone in the bromodomain binding site.

2.1 Introduction

Bromodomains are recognition elements for K-ac residues, and act as “readers” to regulate the
cellular functions of BCPs. In total, 46 BCPs have been reported in humans that comprise 61
different bromodomains divided into 8 subfamilies. With established roles in transcriptional
activation,! BCPs have been associated with a number of disease states relating to cancer,?*
viral diseases>®, inflammation?® ! and cardiovascular diseases.'? ** Bromodomain inhibitors
have therefore been identified as potential therapeutic agents'™® and numerous compounds are

currently under clinical investigation,’-2°

Bromodomains have a characteristic three-dimensional structure comprised of a series of four
o-helices (aZ, oA, oB, aC) linked by two interhelical loops (ZA, BC)?! where the space
between these loops creates the cavity where K-ac is recognized. This binding site has been
effectively targeted by various bromodomain inhibitors, with the BET family of BCPs serving
as the prototype for inhibitor design. Initially, the methyltriazolodiazepines (+)-JQ1?? and I-
BET762! were identified as K-ac mimetics among a host of other chemotypes. Since then, it
has become a fruitful subject for FBDD approaches. Chung® and Bamborough?* both
described a FBDD approach that identified an array of low molecular weight compounds,
including the 3,5-dimethylisoxazoles, which were also described by Hewings et al.?®
Additionally, the alkylacetamide function of K-ac has been mimicked directly in the inhibitor

Olinone,? which selectively targets the first bromodomain of BET proteins (Figure 1).
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Figure 1. Reported bromodomain inhibitors and probes.*!: 22 26-29

The 3,5-dimethylisoxazoles were described as being inspired by the solvent molecule NMP,
which interacts with the binding pocket of a range of bromodomains.?® NMP was also shown
to be a mimetic of K-ac in crystallographic studies where it binds to the conserved areas of the
bromodomain binding pocket in BRD1 (PDB: 3RCW), BRD2 (PDB: 4A9F), ATAD2 (PDB:
4QSS), CBP (PDB: 3P1D), SMARCA4 (PDB: 3UVD), PB1 (PDB: 3MB4) and PHIP (PDB:
3MB3). NMP was able to inhibit a range of BCPs at millimolar concentrations®® while its

affinity was comparable to that of K-ac, giving it good LE due to its low molecular weight.?®

We have hypothesised that this pleiotropic bromodomain inhibition may result in the anti-
myeloma and immunomodulatory activity with hallmark reduction in transcription factors c-
Myc and IRF-4 in multiple myeloma models.*® This activity has seen it submitted into a phase
I clinical trial for multiple myeloma (NCT02468687).3' Moreover, the history of NMP with

bone diseases such as osteoporosis is acknowledged as it has been shown to prevent osteoclast
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differentiation,®® inhibit LPS-induced inflammatory mediators®® and reduce the effects of

adipocyte accumulation.3*

Despite the structural, functional and inspirational evidence of NMP’s bromodomain
mimicry,? 3 there has not been any attempt made to explore its potential as a direct mimetic
in FBDD. We considered that NMP holds potential advantages over other reported fragments,
including its low molecular weight and high LE. However, additional functionalisation would
be necessary to explore its potential in fragment elaboration. Here, we report our expansion of
NMP with a range of functional groups and the subsequent elaboration by mimicry of Olinone
as an exemplar of the broader approach to bromodomain inhibition. X-ray crystal structures of

the NMP derivatives show the successful mimicry of the native acetamide binding pose.
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2.2 Results and Discussion

There are seven entries in the Protein Data Bank where NMP is bound to a bromodomain and
acting as an K-ac mimetic. The carbonyl moiety of NMP replicates the interactions with the
highly conserved asparagine residue and a water-mediated hydrogen bond to a conserved
tyrosine, while the N-methyl substituent sits adjacent to the water-lined pocket. We determined
that the 4-position of NMP would be a suitable point to elaborate the NMP structure (Appendix

B), while noting that such derivatives would also exist as pairs of enantiomers.

2.2.1 Synthesis

We generated a variety of functional groups from which to elaborate NMP, which were

synthesised using two synthetic routes.

o
0 - dz
o) . N - 5
g WO/ o)
o)

91% 88% 59% o)
OH O//S\
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Scheme 1. Formation of 4, a mesylate NMP derivative. (a): CH3NH2, MeOH, 0 °C - rt, o/n;

(b): NaBHa, EtOH; rt, o/n (c): N2, MsCl, DIPEA, CH2Clz, 0 °C, 4 h.

The first series of compounds were derived from methyl 1-methyl-5-oxopyrrolidine-3-
carboxylate 2 (Scheme 1). Dimethyl itaconate 1 was treated with methylamine and then
cyclised in situ to give 2 in 91% yield as previously reported.3®3 The ester 2 was then reduced
to the alcohol 3 with excess sodium borohydride in excellent yield.*® The final step was the
conversion of the alcohol to a mesylate through the use of methanesulfonyl chloride and

DIPEA under an inert atmosphere to give 4 in 59% yield.3® 3°

In the second series, NMP homologues 10, 11 and 12 were prepared as shown in Scheme 2.

Dimethyl glutaconate 5 was treated with nitromethane and 1,1,3,3-tetramethylguanidine®® to
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afford the nitroester 6 in moderate yield. The nitroester 6 was then reduced to the amine 7 and
then cyclised to the lactam 8, starting with the use of palladium on carbon under a hydrogen
atmosphere with acetic acid as the solvent, which gave the amine 7 as an acetate salt. The amine
7 was then refluxed in a mixture of methanol and triethylamine to neutralise the acetate salt

and catalyse the cyclisation to form the lactam 8 in 68% yield over two steps.
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Scheme 2. Formation of 12, a dimethylene NMP mesylate. (a): CH3NO., 1,1,3,3-
tetramethylguanidine, 42 h, rt; (b): Hz, Pd/C, CH3COOH, 5 d, rt; (c): EtsN, MeOH, o/n, rf; (d):

N2, t-BuOK, Mel, THF, 6 h, 0 °C; (e): K2COs, Mel, CH3CN, 6 d, rf; (f): Paraformaldehyde,
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K2COs, acetone, H20, 4 h, rt; (g): EtsSiH, CFsCOOH, CHCl3, o/n, rt; (h): NaBHa4, EtOH; rt,

o/n (i): N2, MsClI, DIPEA, CHzCl, 0 °C, 4 h.

The lactam derivative 8 was methylated by conversion to the hemiaminal intermediate 9
through the treatment of paraformaldehyde and potassium carbonate, which was then reduced
with triethylsilane and trifluoroacetic acid to give 10 in 89% yield across the two steps.*! In
contrast, yields for direct methylation with methyl iodide in the presence of base were modest
at best.>** Finally, the reduction of the ester 10 to the alcohol 11 and subsequent conversion
to the mesylate 12 were carried out using the same methods described for 3 and 4 in similar
yields. Collectively, we have built a set of six 4-substituted analogues of NMP. Each of these

compounds — 2-4, 10-12 — are ready for further elaboration in FBDD.

Olinone was originally reported by Gacias et al.?® as a molecule that showed selectivity for the
first bromodomain of BET proteins. It possesses an alkylacetamide chain similar to K-ac,
linked to a 2,3,4,5-tetrahydro-1H-pyrido[4,3-b]indol-1-one scaffold which interacts with
residues that are unique to BRD4 BD1. With a Kq of 3.4 puM, Olinone was a suitable starting
point for trying to recapitulate the acetamide binding motif in an NMP-containing analogue

and we considered that either 4 or its homologue 12 would be suitable in creating this mimetic.

Following the reported procedure (Scheme 3),%® 2 4-piperidinedione 13 was treated with
phenylhydrazine 14 in ethanol to give the hydrazone intermediate 15, which was then subjected
to Fischer indole synthesis conditions, using 70% sulfuric acid to give the desired tricyclic
scaffold 16, albeit in modest yield. Alkylation of 16 with mesylates 4 and 12 were attempted
using sodium bis(trimethylsilyl)amide as the base. While the yield of 17 was poor and 18 was
moderate, both compounds were isolated. The difference in yields points to some hindrance

due to the proximity of the NMP moiety in 4 towards 16. *H NMR showed the disappearance
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of the indole NH proton, confirming that alkylation occurred selectively at the indole nitrogen

of the tricycle and not the lactam.
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Scheme 3. Preparation of 2,3,4,5-tetrahydro-1H-pyrido[4,3-b]indol-1-one 16 and coupling to
NMP derivatives 4 and 12. (a): EtOH, rf, o/n; (b): 70% H2S0s4, 0 °C, 4 h; (c): N2, NaHMDS,

DMF, —78 °C = 90 °C, o/n.

2.2.2 BRD4 BD1 FRET Assay Results

With this series of compounds in hand, the esters 2 and 10, alcohols 3 and 11, and Olinone
analogues 17 and 18 were all evaluated as inhibitors of BRD4 BD1 in comparison to NMP
using a FRET-based assay developed by Cishio Assays. This method is a competitive binding
assay that relies on the proximity of a Eu®* cryptate donor attached to a GST-tagged
bromodomain (BRD4 BD1), and a Streptavidin D2 acceptor attached to a biotinylated tetra-
acetylated histone peptide (H4K5K8K12K16(acs)) to generate fluorescence. When an inhibitor

is present, it competes for binding to the bromodomain with the histone peptide. Once bound,
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the distance between donor and acceptor becomes too great and fluorescence is lost. The results

of the assays are shown in Table 1.

Table 1. Preliminary SAR data on NMP derivatives.

o)
o=
7
Compound R= 1Cso0 LE
Number (UM = SEM)? | (kcal/mol NHA)®
H 2660 + 480 0.50
O_

6880 + 300 0.27

4110 + 380 0.36

10 2120 + 270 0.30

17 NH 24 + 2P 0.29

18 N 79 + 3P 0.24
/ % 0
NH

Assays carried out by Dr. lan Jennings, Zhaohua Zheng and Ali Noor. #Unless stated otherwise,

§—§O
(@)
o,
(@)
11 . /- o 4810 + 60 0.32
/
N
L/

all results of means are n > 2. ®SD reported. Ligand efficiency = 1.37(-log(ICso)) / NHA.

Control compound used: I-BET726 (ICso: 0.01 uM). NHA, non-hydrogen atom.

The simple functionalisation of NMP had no major effect on inhibition with compounds 2, 3,
10 and 11 showing comparable activity to NMP itself. The ester 2 showed the lowest affinity,
indicating that the adjacent ester group may hinder access of the NMP portion to the binding

site.
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The Olinone analogues 17 and 18 showed much improved affinity, which was consistent with
the anticipated mimicry of the K-ac motif by the NMP functional group. Compound 17 was
the higher affinity ligand with an 1Cso of 24 uM, while compound 18 had an 1Cso of 79 pM,
marking an improvement of NMP’s activity by 110-fold and 33-fold, respectively (dose

response curves of 17 and 18 are available in Appendix C).

2.2.3 X-ray Crystallography

To verify the retention of the mimicry of K-ac in these compounds, we obtained crystal
structures of compounds 10, 17 and 18 in complex with BRD4 BD1 (for videos, refer to

Appendix D. For electron density maps, refer to Appendix E).

As shown in Figure 2, the NMP segment of 10 indeed retains its mimicry of K-ac, interacting
with Asn140 and Tyr97, while the ester interacts with the WPF shelf of BRD4 BD1, a
recognized feature of selective inhibitors given its lack of conservation between

bromodomains.*® Here, the ester moiety interacts with residues Trp81 and Pro82 through weak

vdW interactions.

Figure 2. Comparison of binding substrates in the bromodomain binding site of BRD4 BD1.

A. K-ac (purple blue, PDB: 3UVW). B. (R)-10 (yellow, resolution: 1.3 A). Water molecules
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shown as red spheres. Pro86, Val87 and Asp88 were hidden for better visualisation. Distances
in A, highlighted by red dashes. X-ray crystal structure of 10 developed by Dr. lan Jennings

and Dr. Olga llyichova.

The X-ray crystal structures of 17 and 18 show that, in both cases, the tricyclic scaffolds align
with that of Olinone with a RMS for the heavy atoms of 0.56 A and 0.24 A, respectively. As
anticipated, the NMP moiety of 17 and 18 mimics the acetamide group of Olinone and closely

overlays with the reported structures of NMP.

While the pharmacophore elements of 17 and 18 are identical, the linkers differ in the
conformation and stereochemical configuration at the NMP stereocentre. Despite each NMP
derivative being submitted as a racemic mixture, single enantiomers were observed in the
crystal form. Interestingly, compound 17 adopts the same R-configuration as the fragment 10
and their backbones overlay closely (RMS = 0.36 A). On the other hand, compound 18 shows
the opposite sense of stereochemistry while accommodating an extended chain conformation
(Figure 3). It is still designated the R-absolute configuration under the Cahn-Ingold-Prelog

nomenclature.
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Figure 3. Comparison of Olinone and its respective analogues in BRD4 BD1. [A, B, C] 2,3,4,5-
tetrahydro-1H-pyrido[4,3-b]indol-1-one scaffold. [D, E, F] K-ac binding site. Water molecules
shown as red spheres. Pro86, Val87 and Asp88 were hidden for better visualisation. Distances
in A, highlighted by red dashes. [G, H, 1] Linker group visualisation. [A, D, G] Olinone (light

blue, PDB: 4QB3). [B, E, H] (R)-17 (warm pink, resolution: 1.59 A). [C, F, 1] (R)-18 (pale
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yellow, resolution: 1.21 A). X-ray crystal structures of 17 and 18 developed by Dr. lan Jennings

and Dr. Olga llyichova.

2.3 Conclusion and Future Directions

In summary, we have demonstrated the use of NMP derivatives as fragments that can be used
in the design of bromodomain ligands. We have successfully developed two synthetic schemes
for six functionalised derivatives of NMP which can be produced on multigram scales. An X-
ray crystal structure of one of these derivatives (10) in complex with BRD4 BD1 shows the

retained presentation of the NMP pharmacophore by these derivatives.

The precursors 4 and 12 have been employed in the synthesis of two compounds — 17 and 18
— based on the inhibitor Olinone. The bromodomain inhibition is comparable to the parent
compound and both compounds precisely mimic the parent compound in the BRD4 BD1

binding site.

These results should encourage the further exploration of NMP as a fragment in bromodomain
inhibition for three reasons. Firstly, the pre-existing literature suggests that NMP is a general
mimic of the acetamide function of acetyl-lysine. This suggests that the strategy applied here
for BRD4 BD1 could be applied equally against one or more of the other 60 bromodomains in
the epigenome. Secondly, the structures of 17 and 18 show that either of the stereochemical
configurations of the NMP derivatives can be applied with success. Therefore, these are
actually pairs of fragments which may be expected to have their own selectivity profiles.
Further work to resolve or synthesise the individual stereoisomers is on-going. Finally, the
variety of functionalities in the six fragments described here opens the door for alternate
reactions to make products such as amines, ethers, amides and esters. Taken together, these
results have further proved the usefulness of NMP as a mimetic fragment and the potential of

its incorporation into other known inhibitors.
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Experimental

'H and '3C Nuclear Magnetic Resonance spectra were conducted on a Bruker Advance 111
Nanobay 400 MHz spectrometer coupled to the BACS 60 automatic sample changer and
obtained at 400.1 MHz and 100.6 MHz, respectively. All spectra were processed using
MestReNova 6.0 software. The chemical shifts of all *H were measured relative to the expected
solvent peaks of the respective NMR solvents; CDCls, 7.26; MeOD, 3.31. The chemical shifts
of all 13C were measured relative to the expected solvent peaks of the respective NMR solvents;
CDCls, 77.2; MeOD, 49.0. The data for all spectra are reported in the following format:
chemical shift (integration, multiplicity, coupling constant, assignment). Multiplicity is defined
as; s = singlet, d= doublet, t = triplet, g = quartet, quint. = quintet, dd = doublet of doublets, td
= triplet of doublets, qd = quartet of doublets, ddd = doublet of doublet of doublets, m =
multiplet. Coupling constants are applied as J in Hertz (Hz). For *H and *3C spectra, refer to

Appendix F.

All HRMS analyses were done on an Agilent 6224 TOF LC/MS Mass Spectrometer coupled
to an Agilent 1290 Infinity (Agilent, Palo Alto, CA). All data were acquired and reference mass
corrected via a dual-spray electrospray ionisation (ESI) source. Each scan or data point on the
Total lon Chromatogram (TIC) is an average of 13,700 transients, producing a spectrum every
second. Mass spectra were created by averaging the scans across each peak and background
subtracted against the first 10 seconds of the TIC. Acquisition was performed using the Agilent
Mass Hunter Data Acquisition software version B.05.00 Build 5.0.5042.2 and analysis was

performed using Mass Hunter Qualitative Analysis version B.05.00 Build 5.0.519.13.

All LCMS analyses were carried out on an Agilent 6100 Series Single Quad LC/MS coupled
with an Agilent 1200 Series HPLC, 1260 Infinity G1312B Binary pump, 1260 Infinity G1367E

1260 HiP ALS autosampler and 1290 Infinity G4212A 1290 DAD detector. The liquid
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chromatography conditions were: reverse phase HPLC analysis fitted with a Luna C8(2) 5 puL
50 X 4.6mm 100A at a temperature of 30 °C. The sample injection volume was 5 pL, which
was run in 0.1% formic acid in acetonitrile at a gradient of 5-100% over 10 minutes. Detection
methods were either 254 nm or 214 nm. The mass spectrum conditions were: Quadrupole ion
source with Multimode-ES. The drying gas temperature was 300 °C and the vaporizer
temperature was 200 °C. The capillary voltage in positive mode was 2000V, while in negative
mode, the capillary voltage was 4000V. The scan range was 100-1000 m/z with a step size of

0.1 second over 10 minutes.

TLCs were carried on Merck TLC Silica gel 60 F2s4 plates using the appropriate mobile phase.
Purification by column chromatography was conducted with Davisil Chromatographic Silica

LC60A (40-63 micron) using the specified mobile phases.

Compound purity was determined using an Agilent 1260 Infinity Analytical HPLC (1260
Infinity G1322A Degasser, 1260 Infinity G1312B Binary pump, G1367E HiP ALS
autosampler, 1260 Infinity G1316A Thermostatted Column Compartment, and 1260 Infinity
G4212B DAD detector. The liquid chromatography conditions were: reverse phase HPLC
analysis fitted with a Zorbax Eclipse Plus C18 Rapid Resolution 4.6 X 100 mm 3.5-Micron.
The sample injection volume was 1 pL, which was run in Solvent A (0.1% TFA in H20) and
Solvent B (0.1% TFA in CH3CN), with a gradient of 5-100% Solvent B over a 10-minute
period. All compounds submitted for assays and X-ray crystallography studies were assessed

for purity of 95% or greater on 214 nm and 254 nm.

The 1Cs0s were measured using a Fluorescence Resonance Energy Transfer (FRET) assay,
which was carried out based on the protocol developed by CisBio Assay, France. The assay
consists of a europium (Eu®") cryptate-conjugated antibody attached to glutathione S-

transferase (GST) fused to BRD4 BD1 (49-170) and Streptavidin-D2 bound to biotin which is
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attached to a Histone H4 peptide, SGRG-K(Ac)-GG-K(Ac)-GLG-K(Ac)-GGAK(AC)-
RHRKVGG-K (Biotin). Both Streptavidin-D2 and the Eu®* cryptate-conjugated antibody were
purchased from CisBio Assays. In the absence of inhibitors, the Histone H4 peptide is bound
to BRD4 BD1. When both are in close proximity, a 337 nm laser light activates the Eu** donor
and emits at 620 nm, which causes D2 to fluoresce at 665 nm. In the presence of a ligand, this
reaction is interrupted. The assays were performed in 384-well small volume microtiter plates.
The serially diluted small molecule inhibitors were added to a buffer mixture with a final
concentration of 1% DMSO. The final buffer concentrations were 10 nM of GST-BRD4 BD1,
40 nM of Histone H4 peptide, 5 nM of Eu®* cryptate-conjugated GST-antibody, 6.25 nM
Streptavidin-D2, 50 mM Hepes, 50 mM NaCl, 0.5 mM CHAPS, 400 mM KF, 0.01% BSA, pH
7.5. After mixing and incubation at room temperature for at least 1.5 hours, the plates were
measured in a PheraStar plate reader (BMG Labtech) (excitation: 337 nm with 10 flashes;

emission: 620 and 665 nm).

X-ray crystal structures were obtained using a 6-His tagged bromodomain, BRD4 BD1, which
was expressed in E.coli and purified using Ni-agarose chromatography. The 6-His tag was then
removed by TEV protease digestion. The bromodomain was purified using gel filtration
chromatography using a Superdex-75, 16/60 column (GE Healthcare) in a buffer containing 50
mM Hepes pH 7.5, 0.3 M NaCl and 5% glycerol. The concentrated BRD4 BD1 protein (17
mg/ml) was then incubated with 50 mM of the ligand at 40 °C for 16h. The final ligand
concentration used in the hanging drop was 5 mM. Crystals were obtained using the hanging
drop method in 24-well plates using 1 pl drops of protein and the reservoir solution containing
0.2 M NaNOg, PEG-3350 (35%) and ethylene glycol (6% v/v) concentrations. This was then
flash frozen in liquid nitrogen. All datasets were collected at the Australian Synchrotron on
MX1 and MX2 beamlines.® Datasets were merged and scaled using MOSFLM#*" and

AIMLESS*® from the CCP4 suite.*® 5% of reflections in each dataset were flagged for
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calculation of Ryree. A summary of statistics is provided in Appendix G. Molecular replacement
was performed with Phaser® using a previously solved structure of BRD4 as a search model
(PDB: 5DW?2). The final structures were obtained after several rounds of manual refinement

using Coot®! and refinement with phenix.refine.>

Methyl 1-methyl-5-0x0-3-pyrrolidine carboxylate (2) — 40% Methylamine solution in H20 (10
mL) was dissolved in methanol (125 mL) in an ice-bath and stirred. Dimethyl itaconate 1 (15.1
g, 94.8 mmol) dissolved in methanol (275 mL) was added dropwise to the stirring mixture.
After an hour, the ice-bath was removed and the reaction continued to stir for further 24 hours.
The mixture was concentrated under reduced pressure and the residue purified by vacuum
distillation to afford 2 as an oil (13.7 g, 91%). *H NMR (400 MHz, CDCl3) § 3.71 (s, 3H), 3.58
(ddd, J = 22.8, 14.4, 8.2 Hz, 2H), 3.27 — 3.16 (m, 1H), 2.82 (s, 3H), 2.73 — 2.57 (m, 2H) ppm.
13C NMR (101 MHz, CDCl3) 8 173.4, 172.5, 52.6, 51.2, 35.9, 34.0, 29.6 ppm. ESI-MS, m/z
158.2 [M+H]*; HR-MS: m/z calcd. for C7H11NOs [M+H]*: 158.0812; found 158.0813; HPLC

(PP gradient, MeOH): 3.27 min.

4-(hydroxymethyl)-1-methylpyrrolidin-2-one  (3) — Methyl 1-methyl-5-0x0-3-pyrrolidine
carboxylate 2 (10.5 g, 67.1 mmol) was dissolved in ethanol (400 mL) and stirred at room
temperature. Sodium borohydride (25.3 g, 0.671 mol) was added slowly in small portions over
a 7-hour period. After this period, water (20 mL) was added to form a cloudy mixture. The
quenched mixture was then filtered through Celite 545 and carefully concentrated to a white
solid by rotary evaporation. The solid was taken up in CHCI3 (500 mL) and left to stir overnight.
The mixture was dried with Na>SOs, filtered through filter paper and concentrated under
reduced pressure to afford a crude oil. Purification by column chromatography (Mobile phase:
5% MeOH in CHCI3) afforded 3 as a clear oil (6.82 g, 79%). *H NMR (400 MHz, MeOD) &

3.58 — 3.47 (m, 3H), 3.26 (dd, J = 10.1, 5.2 Hz, 1H), 2.61 — 2.44 (m, 2H), 2.19 (dd, J = 16.5,
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5.4 Hz, 1H) ppm. BC NMR (101 MHz, MeOD) § 176.7, 64.9, 53.4, 34.77, 34.37, 29.8 ppm.
ESI-MS, m/z 130.1 [M+H]*. HR-MS: m/z calcd. for CeH1o0NO, [M+H]*: 130.0863; found

130.0863; HPL.C (PP gradient, MeOH): 1.75 min.

(1-methyl-5-oxopyrrolidin-3-yl)methyl methanesulfonate (4) — In a 50 ml round-bottom flask,
4-(hydroxymethyl)-1-methylpyrrolidin-2-one 3 (209 mg, 1.62 mmol) was weighed out, then
dissolved in CH2Cl2 (5 mL). The flask was placed on an ice bath, sealed with a rubber septum
and purged with N2. DIPEA (565 pL, 3.24 mmol) and MsCl (150 pL, 1.95 mmol) were added
via syringe and the mixture was left to stir for 4 hours. After this time, the mixture was
quenched with water (20 mL) and the CH2Cl> layer separated. The aqueous layer was washed
with additional CH2Cl, (3 x 20mL). The organic layers were combined, dried with MgSQg,
filtered and concentrated via rotary evaporation to give the crude mesylate as a yellow oil. This
oil was then purified using a silica column (Mobile phase: 2% MeOH in CH2Cl) to give 4 as
a clear oil (190 mg, 59%). 'H NMR (400 MHz, CDCls) & 4.16 (qd, J = 10.0, 6.8 Hz, 2H), 3.51
(dd, J = 10.2, 8.2 Hz, 1H), 3.21 (dd, J = 10.2, 5.2 Hz, 1H), 3.01 (s, 3H), 2.85 — 2.73 (m, 4H),
2.53 (dd, J = 17.1, 9.4 Hz, 1H), 2.16 (dd, J = 17.1, 6.2 Hz, 1H) ppm. 3C NMR (101 MHz,
CDCl3) § 172.8, 70.4, 51.4, 37.5, 33.3, 30.7, 29.6 ppm. ESI-MS, m/z 208.0 [M+H]*; HR-MS:
m/z calcd. for C7H13NO4S [M+H]": 207.0565; found 207.0567; HPLC (PP gradient, MeOH):

2.36 min.

Dimethyl 3-(nitromethyl)glutarate (6) — In a 250 mL round-bottom flask, nitromethane (14.9
mL, 0.352 mol) was added to dimethyl glutaconate 5 (5.56 g, 35.2 mmol). 1,1,3,3-
tetramethylguanidine (882 pL, 7.03 mmol) was added dropwise to the mixture. After complete
addition, the mixture was left to stir overnight. The mixture was quenched with 5% HCI (75
mL), then washed with diethyl ether (3 x 75 mL). The organic layers were collected, combined

and dried with MgSOa. The solvent was filtered and evaporated under reduced pressure to give
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a brown-coloured oil. The resin was purified using silica gel chromatography (Mobile phase:
10% EtOAc in petroleum benzine, TLCs checked at 25% EtOAc in petroleum benzine) to
afford 7 as a clear oil (3.32 g, 47%). *H NMR (400 MHz, CDCls) 6 4.62 (d, J = 6.1 Hz, 2H),
3.71 (s, 6H), 3.13 — 3.00 (m, 1H), 2.56 (dd, J = 6.6, 1.1 Hz, 4H) ppm. *C NMR (101 MHz,

CDCls) & 171.6, 77.5, 52.1, 35.1, 30.7 ppm.

Methyl 2-(5-oxopyrrolidin-3-yl)acetate (8) — In a 250 mL three-neck round-bottom flask
purged with N2, 10% Pd/C (332 mg) was added and submerged in CH>Cl>. Dimethyl 3-
(nitromethyl)glutarate 6 (3.32 g, 15.2 mmol) was dissolved in acetic acid (150 mL) and added
to the flask, then stirring began. The flask was then flushed with N> three times, followed by
Ho three times. Progress was monitored using NMR and LCMS. Once the starting material and
hydroxylamine intermediate were consumed, the flask was purged with N2 and the Pd/C was
filtered through glass microfiber filter paper. The solvent was then evaporated off to give the
amine 7 as a caramel-coloured oil. The amine was then dissolved in MeOH (75mL), basified
with EtsN (1 mL) and heated under reflux. The solvent and base were evaporated off under
reduced pressure to give the crude lactam 8 as a yellow resin. The resin was purified with
column chromatography (Mobile phase: 2% MeOH in CH2Cl) to afford 8 as a white solid
(1.61 g, 68%). 1H NMR (400 MHz, CDCl3) § 7.07 (br s, 1H), 3.62 (s, 3H), 3.54 (dd, J = 9.9,
7.8 Hz, 1H), 3.02 (dd, J = 9.9, 6.2 Hz, 1H), 2.86 — 2.75 (m, 1H), 2.52 — 2.40 (m, 3H), 1.99 (dd,
J=16.9, 7.3 Hz, 1H) ppm. 3C NMR (101 MHz, CDCl3) § 177.7, 171.8, 51.3, 47.4, 38.0, 36.2,

30.6 ppm. ESI-MS: m/z 158.1 [M+H]*

Methyl 2-(1-methyl-5-oxopyrrolidin-3-yl)acetate (10) — To a solution of lactam 8 (1.12 g, 7.09
mmol) in acetone (120 mL) was added paraformaldehyde (1.07 g, 35.5 mmol) and K>CO3 (132
mgq), followed by the addition of water (13 mL). The mixture was then sonicated for 4 hours at

20-minute intervals with 10-minute rests. The mixture was then filtered and the filtrate was
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concentrated under reduced pressure to give the crude hemiaminal 9 as an opaque oil. The oil
was purified by a silica column chromatography (Mobile phase: 5% MeOH in CH2Cly) to give
9 as a clear oil. The hemiaminal 9 was then dissolved in CHCI3 (125 mL), to which CFsCOOH
(25 mL) and EtsSiH (25 mL) were added, and the mixture was stirred at room temperature
overnight. The mixture was then quenched with water (75 mL) and the organic layer was
separated. The aqueous layer was washed with additional CHCIz (2 x 75 mL). The organic
layers were combined, dried with MgSOs, filtered and concentrated under reduced pressure to
afford a biphasic oil. This was purified by column chromatography (neat EtOACc), giving 10 as
a clear oil (1.08 g, 89%). *H NMR (400 MHz, CDCl3) & 3.67 (s, 3H), 3.57 (dd, J = 10.0, 7.9
Hz, 1H), 3.06 (dd, J = 10.0, 6.0 Hz, 1H), 2.85 — 2.68 (m, 4H), 2.58 (dd, J = 16.8, 9.0 Hz, 1H),
2.53 — 2.38 (m, 2H), 2.08 (dd, J = 16.8, 7.0 Hz, 1H) ppm. *C NMR (101 MHz, CDCls) 5
173.7,172.2,54.8, 51.9, 38.8, 37.1, 29.6, 27.9 ppm. ESI-MS: m/z 172.1 [M+H]" HR-MS: m/z
calc. for CgH13NOs [M+H]": 171.0895; found 171.0899. HPLC (PP gradient, MeOH): 3.31

min.

4-(2-hydroxyethyl)-1-methylpyrrolidin-2-one (11) — In a 100 mL round-bottom flask, methyl
2-(1-methyl-5-oxopyrrolidin-3-yl)acetate 10 (446 mg, 2.61 mmol) was dissolved in EtOH (25
mL). NaBH4 (0.99 g, 26.1 mmol) was then added over a period of 4 hours, and the mixture was
left to stir overnight. After completion, the mixture was quenched with water and the solvent
was evaporated off under reduced pressure to give a white solid. The solid was then purified
with column chromatography (Mobile phase: 5% MeOH in CH2ClI>) to obtain 11 as a clear oil
(313 mg, 84%). *H NMR (400 MHz, CDCls) & 3.72 — 3.58 (m, 2H), 3.49 (dd, J = 9.7, 8.1 Hz,
1H), 3.07 (dd, 3= 9.7, 6.7 Hz, 1H), 2.80 (s, 3H), 2.58 — 2.25 (m, 3H), 2.13 — 2.01 (m, 1H), 1.76
—1.61 (m, 2H) ppm. 3C NMR (101 MHz, CDCls) § 174.7, 60.7, 55.5, 37.51, 37.49, 29.68,
28.79 ppm. ESI-MS: m/z 222.0 [M+H]*. HR-MS: m/z calc. for C;H13NO; [M+H]*: 143.0946;

found 143.0951. HPLC (PP gradient, MeOH): 2.09 min.
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2-(1-methyl-5-oxopyrrolidin-3-yl)ethyl methanesulfonate (12) — In a 50 ml round-bottom flask,
4-(2-hydroxyethyl)-1-methylpyrrolidin-2-one 11 (128 mg, 0.893 mmol) was weighed out, then
dissolved in CH2Cl2 (10 mL). The flask was placed on an ice bath, sealed with a rubber septum
and purged with N2. DIPEA (233 uL, 1.34 mmol) and MsC1 (103 pL, 1.34 mmol) were added
via syringe and the mixture was left to stir for 4 hours. After this time, the mixture was
quenched with water (20 mL) and the CH2Cl> layer separated. The aqueous layer was washed
with additional CH2Cl2 (3 x 20 mL). The organic layers were combined, dried with MgSQg,
filtered and concentrated via rotary evaporation to give the crude mesylate 12 as a yellow oil.
This oil was then purified using silica gel chromatography (Mobile phase: 2% MeOH in
CH2Cly) to give 12 as a clear oil (122 mg, 62%). 'H NMR (400 MHz, CDCls) § 4.31 — 4.18
(m, 2H), 3.53 (dd, J = 9.7, 8.0 Hz, 1H), 3.07 (dd, J = 9.7, 6.6 Hz, 1H), 3.01 (s, 3H), 2.82 (s,
3H), 2.61 — 2.47 (m, 2H), 2.14 — 2.03 (m, 1H), 1.94 — 1.86 (m, 2H) ppm. 3C NMR (101 MHz,
CDCls) § 173.7, 67.7, 54.8, 37.60, 37.13, 34.1, 29.67, 28.60 ppm. ESI-MS: m/z 222.0 [M+H]".
HR-MS: m/z calc. for CgH1sNO4S [M+H]": 221.0726; found 221.0726. HPLC (PP gradient,

MeOH): 3.28 min.

2,3,4,5-tetrahydro-1H-pyrido[4,3-b]indol-1-one (16) — 2,4-piperidinedione 13 (500 mg, 4.42
mmol) was weighed into a 100 mL round-bottom flask, and phenylhydrazine 14 (434 uL, 4.42
mmol) was added. The mixture was dissolved in EtOH (50 mL) and refluxed overnight. The
solvent was evaporated off to give the hydrazone 15 as a crimson oil. This was cooled to 0 °C,
dissolved in 70% sulfuric acid (20 mL) and stirred for 4 hours. The acid was neutralised with
2 M NaOH and the aqueous layer was washed with EtOAc (3 x 50 mL). The organic layers
were combined, dried with dried with MgSOs, filtered and concentrated under reduced pressure
to afford a yellow/brown resin. This was purified with silica gel chromatography (Mobile
phase: Gradient of 3-5% MeOH in CH2Cl.) to acquire 16 as a yellow resin (137 mg, 17%). ‘H

NMR (400 MHz, CDCl3) § 8.91 (br s, 1H), 8.17 — 8.09 (m, 1H), 7.38 — 7.31 (m, 1H), 7.25 —
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7.17 (m, 2H), 5.53 (br s, 1H), 3.63 (t, J = 6.9 Hz, 2H), 3.02 (t, J = 6.9 Hz, 2H) ppm. ESI-MS:

m/z 187.1 [M+H]". HPLC (PP gradient, MeOH): 4.36 min.

5-((1-methyl-5-oxopyrrolidin-3-yl)methyl)-2,3,4,5-tetrahydro-1H-pyrido[4,3-b] indol-1-one

(17) — Ina 25 mL round-bottom flask, 2,3,4,5-tetrahydro-1H-pyrido[4,3-b]indol-1-one 16 (36.5
mg, 0.196 mmol) was weighed out and dissolved in DMF (3 mL). The flask was sealed, purged
with N2 and then chilled to —78 °C. NaHMDS (94 uL, 0.294 mmol, 1 M in THF) was added
via syringe and the mixture was stirred for 30 minutes. After this time, 2-(1-methyl-5-
oxopyrrolidin-3-yl)ethyl methanesulfonate 12 (60.9 mg, 0.294 mmol) was weighed, dissolved
in DMF (1 mL) and added via syringe. The mixture was warmed to room temperature, then
heated to 90 °C and left stirring overnight. After this time, the mixture was quenched with a
saturated aqueous solution of NaHCOz (40 mL) and washed with EtOAc (3 x 40 mL). The
combined organic layers were dried with MgSOs, filtered and concentrated under reduced
pressure to obtain a yellow oil. The oil was purified using a silica column (Mobile phase: 5%
MeOH in CH2Cl,) to obtain 17 as a yellow oil (3.80 mg, 6%). *H NMR (400 MHz, CDCls) &
8.23 - 8.18 (m, 1H), 7.33 — 7.26 (m, 3H), 5.53 (br s, 1H), 4.14 (d, J = 8.0 Hz, 2H), 3.70 (t, J =
6.9 Hz, 2H), 3.38 (dd, J = 10.2, 7.2 Hz, 1H), 3.12 — 2.92 (m, 4H), 2.85 (s, 3H), 2.57 (dd, J =
17.1, 8.3 Hz, 1H), 2.18 (dd, J = 16.9, 4.8 Hz, 1H) ppm. 3C NMR (101 MHz, CDCl3) 5 123.13,
12258, 121.62, 109.4, 52.2, 46.7, 40.8, 35.2, 32.2, 29.9, 22.5 ppm. ESI-MS: m/z 297.9
[M+H]*. HR-MS: m/z calc. for C17H19NzO, [M+H]*: 297.1477; found 297.1475. HPLC (PP

gradient, MeOH): 4.32 min.

5-(2-(1-methyl-5-oxopyrrolidin-3-yl)ethyl)-2,3,4,5-tetrahydro-1H-pyrido[4,3-b] indol-1-one
(18) — In a 50 mL round-bottom flask, 2,3,4,5-tetrahydro-1H-pyrido[4,3-b]indol-1-one 16 (45
mg, 0.241 mmol) was weighed out and dissolved in DMF (3 mL). The flask was sealed, purged

with N2 and then chilled to —78 °C. NaHMDS (362 pL, 0.362 mmol, 1 M in THF) was added
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via syringe and the mixture was stirred for 30 minutes. After this time, 2-(1-methyl-5-
oxopyrrolidin-3-yl)ethyl methanesulfonate 12 (80 mg, 0.362 mmol) was weighed, dissolved in
DMF (1 mL) and added via syringe. The mixture was warmed to room temperature, then heated
to 90 °C and left stirring overnight. After this time, the mixture was quenched with a saturated
aqueous solution of NaHCO3 (40 mL) and washed with EtOAc (3 x 40 mL). The combined
organic layers were dried with MgSOs, filtered and concentrated under reduced pressure to
obtain a yellow oil. The oil was purified with a silica column (Mobile phase: Gradient of 2-7%
MeOH in CHCl.) to obtain 18 as a yellow oil (24.7 mg, 33%). 'H NMR (400 MHz, CDCl3) §
8.24 — 8.18 (m, 1H), 7.33 — 7.24 (m, 3H), 5.68 (br s, 1H), 4.21 — 4.05 (m, 2H), 3.69 (td, J =
6.8, 1.9 Hz, 2H), 3.46 (dd, J = 9.7, 8.1 Hz, 1H), 3.05 — 2.97 (m, 3H), 2.82 (s, 3H), 2.59 (dd, J
=16.5, 8.9 Hz, 1H), 2.42 — 2.28 (m, 1H), 2.14 (dd, J = 16.5, 7.2 Hz, 1H), 2.07 — 1.86 (m, 2H)
ppm. *C NMR (101 MHz, CDCl3) § 173.5, 166.9, 143.8, 136.5, 125.7, 122.72, 122.17, 121.44,
109.2, 106.2, 55.1, 42.0, 40.7, 37.2, 35.1, 29.7, 29.2, 22.2 ppm. ESI-MS: m/z 312.0 [M+H]".
HR-MS: m/z calc. for C1gH21N30, [M+H]*: 311.1634; found 311.1641. HPL.C (PP gradient,

MeOH): 4.644 min.

100



References

1. Huang B, Yang XD, Zhou MM, Ozato K, Chen LF. Brd4 coactivates transcriptional
activation of NF-kappaB via specific binding to acetylated RelA. Mol Cell Biol.
2009;29(5):1375-87.

2. Ciro M, Prosperini E, Quarto M, Grazini U, Walfridsson J, McBlane F, et al. ATAD2
is a novel cofactor for MYC, overexpressed and amplified in aggressive tumors. Cancer Res.
2009;69(21):8491-8.

3. French CA, Miyoshi I, Kubonishi I, Grier HE, Perez-Atayde AR, Fletcher JA. BRD4-
NUT fusion oncogene: a novel mechanism in aggressive carcinoma. Cancer Res.
2003;63(2):304-7.

4. ZouJX, Guo L, Revenko AS, Tepper CG, Gemo AT, Kung HJ, et al. Androgen-induced
coactivator ANCCA mediates specific androgen receptor signaling in prostate cancer. Cancer
Res. 2009;69(8):3339-46.

5. Mujtaba S, He Y, Zeng L, Farooq A, Carlson JE, Ott M, et al. Structural basis of lysine-
acetylated HIV-1 Tat recognition by PCAF bromodomain. Mol Cell. 2002;9(3):575-86.

6. Cardenas-Mora J, Spindler JE, Jang MK, McBride AA. Dimerization of the
papillomavirus E2 protein is required for efficient mitotic chromosome association and Brd4
binding. J Virol. 2008;82(15):7298-305.

7. Lin A, Wang S, Nguyen T, Shire K, Frappier L. The EBNAL protein of Epstein-Barr
virus functionally interacts with Brd4. J Virol. 2008;82(24):12009-19.

8. Lu P, Shen'Y, Yang H, Wang Y, Jiang Z, Yang X, et al. BET inhibitors RVX-208 and
PFI-1 reactivate HIV-1 from latency. Sci Rep. 2017;7(1):16646.

9. Darcis G, Kula A, Bouchat S, Fujinaga K, Corazza F, Ait-Ammar A, et al. An In-Depth
Comparison of Latency-Reversing Agent Combinations in Various In Vitro and Ex Vivo HIV-
1 Latency Models Identified Bryostatin-1+JQ1 and Ingenol-B+JQ1 to Potently Reactivate
Viral Gene Expression. PLoS Pathog. 2015;11(7):e1005063.

10. Das A, Chai JC, Yang CS, Lee YS, Das ND, Jung KH, et al. Dual transcriptome
sequencing reveals resistance of TLR4 ligand-activated bone marrow-derived macrophages to
inflammation mediated by the BET inhibitor JQ1. Sci Rep. 2015;5:16932.

11.  Nicodeme E, Jeffrey KL, Schaefer U, Beinke S, Dewell S, Chung CW, et al.
Suppression of inflammation by a synthetic histone mimic. Nature. 2010;468(7327):1119-23.

12.  Anand P, Brown JD, Lin CY, Qi J, Zhang R, Artero PC, et al. BET bromodomains
mediate transcriptional pause release in heart failure. Cell. 2013;154(3):569-82.

13.  Gilham D, Wasiak S, Tsujikawa LM, Halliday C, Norek K, Patel RG, et al. RV X-208,
a BET-inhibitor for treating atherosclerotic cardiovascular disease, raises ApoA-I/HDL and
represses pathways that contribute to cardiovascular disease. Atherosclerosis. 2016;247:48-57.

101



14.  Crawford TD, Audia JE, Bellon S, Burdick DJ, Bommi-Reddy A, Cote A, et al. GNE-
886: A Potent and Selective Inhibitor of the Cat Eye Syndrome Chromosome Region Candidate
2 Bromodomain (CECR2). ACS Med Chem Lett. 2017;8(7):737-41.

15. Igoe N, Bayle ED, Fedorov O, Tallant C, Savitsky P, Rogers C, et al. Design of a Biased
Potent Small Molecule Inhibitor of the Bromodomain and PHD Finger-Containing (BRPF)
Proteins Suitable for Cellular and in Vivo Studies. J Med Chem. 2017;60(2):668-80.

16.  Picaud S, Fedorov O, Thanasopoulou A, Leonards K, Jones K, Meier J, et al.
Generation of a Selective Small Molecule Inhibitor of the CBP/p300 Bromodomain for
Leukemia Therapy. Cancer Res. 2015;75(23):5106-109.

17.  Siebel AL, Trinh SK, Formosa MF, Mundra PA, Natoli AK, Reddy-Luthmoodoo M, et
al. Effects of the BET-inhibitor, RVX-208 on the HDL lipidome and glucose metabolism in
individuals with prediabetes: A randomized controlled trial. Metabolism. 2016;65(6):904-14.

18.  Stathis A, Zucca E, Bekradda M, Gomez-Roca C, Delord JP, de La Motte Rouge T, et
al. Clinical Response of Carcinomas Harboring the BRD4-NUT Oncoprotein to the Targeted
Bromodomain Inhibitor OTX015/MK-8628. Cancer Discov. 2016;6(5):492-500.

19.  Siu KT, Ramachandran J, Yee AJ, Eda H, Santo L, Panaroni C, et al. Preclinical activity
of CPI-0610, a novel small-molecule bromodomain and extra-terminal protein inhibitor in the
therapy of multiple myeloma. Leukemia. 2017;31(8):1760-9.

20. Mirguet O, Gosmini R, Toum J, Clement CA, Barnathan M, Brusq JM, et al. Discovery
of epigenetic regulator I-BET762: lead optimization to afford a clinical candidate inhibitor of
the BET bromodomains. J Med Chem. 2013;56(19):7501-15.

21. Dhalluin C, Carlson JE, Zeng L, He C, Aggarwal AK, Zhou MM. Structure and ligand
of a histone acetyltransferase bromodomain. Nature. 1999;399(6735):491-6.

22. Filippakopoulos P, Qi J, Picaud S, Shen Y, Smith WB, Fedorov O, et al. Selective
inhibition of BET bromodomains. Nature. 2010;468(7327):1067-73.

23.  Chung CW, Dean AW, Woolven JM, Bamborough P. Fragment-based discovery of
bromodomain inhibitors part 1: inhibitor binding modes and implications for lead discovery. J
Med Chem. 2012;55(2):576-86.

24.  Bamborough P, Diallo H, Goodacre JD, Gordon L, Lewis A, Seal JT, et al. Fragment-
based discovery of bromodomain inhibitors part 2: optimization of phenylisoxazole
sulfonamides. J Med Chem. 2012;55(2):587-96.

25. Hewings DS, Wang M, Philpott M, Fedorov O, Uttarkar S, Filippakopoulos P, et al.
3,5-dimethylisoxazoles act as acetyl-lysine-mimetic bromodomain ligands. J Med Chem.
2011;54(19):6761-70.

26. Gacias M, Gerona-Navarro G, Plotnikov AN, Zhang G, Zeng L, Kaur J, et al. Selective
chemical modulation of gene transcription favors oligodendrocyte lineage progression. Chem
Biol. 2014;21(7):841-54.

27. Ozer HG, El-Gamal D, Powell B, Hing ZA, Blachly JS, Harrington B, et al. BRD4
Profiling Identifies Critical Chronic Lymphocytic Leukemia Oncogenic Circuits and Reveals

102




Sensitivity to PLX51107, a Novel Structurally Distinct BET Inhibitor. Cancer Discov.
2018;8(4):458-77.

28. Dawson MA, Prinjha RK, Dittmann A, Giotopoulos G, Bantscheff M, Chan WI, et al.
Inhibition of BET recruitment to chromatin as an effective treatment for MLL-fusion
leukaemia. Nature. 2011;478(7370):529-33.

29.  Philpott M, Yang J, Tumber T, Fedorov O, Uttarkar S, Filippakopoulos P, et al.
Bromodomain-peptide displacement assays for interactome mapping and inhibitor discovery.
Mol Biosyst. 2011;7(10):2899-908.

30.  Shortt J, Hsu AK, Martin BP, Doggett K, Matthews GM, Doyle MA, et al. The drug
vehicle and solvent N-methylpyrrolidone is an immunomodulator and antimyeloma compound.
Cell Rep. 2014;7(4):1009-19.

31. NMP in Relapsed Refractory Myeloma.
https://ClinicalTrials.gov/show/NCT02468687.

32.  Ghayor C, Correro RM, Lange K, Karfeld-Sulzer LS, Gratz KW, Weber FE. Inhibition
of osteoclast differentiation and bone resorption by N-methylpyrrolidone. J Biol Chem.
2011;286(27):24458-66.

33.  Ghayor C, Gjoksi B, Siegenthaler B, Weber FE. N-methyl pyrrolidone (NMP) inhibits
lipopolysaccharide-induced inflammation by suppressing NF-kappaB signaling. Inflamm Res.
2015;64(7):527-36.

34.  Gjoksi B, Ghayor C, Bhattacharya I, Zenobi-Wong M, Weber FE. The bromodomain
inhibitor N-methyl pyrrolidone reduced fat accumulation in an ovariectomized rat model. Clin
Epigenetics. 2016;8:42.

35. Rooney TP, Filippakopoulos P, Fedorov O, Picaud S, Cortopassi WA, Hay DA, et al.
A series of potent CREBBP bromodomain ligands reveals an induced-fit pocket stabilized by
a cation-pi interaction. Angew Chem Int Ed Engl. 2014;53(24):6126-30.

36.  Zoretic PA, Barcelos F, Jardin J, Bhakta C. Synthetic Approaches to 10-
Azaprostaglandins. Journal of Organic Chemistry. 1980;45(5):810-4.

37.  Stanetty P, Turner M, Mihovilovic MD. Synthesis of pyrrolo[2,3-d][1,2,3]thiadiazole-
6-carboxylates via the Hurd-Mori reaction. Investigating the effect of the N-protecting group
on the cyclization. Molecules. 2005;10(2):367-75.

38. Hanessian S, Buckle R, Bayrakdarian M. Design and synthesis of a novel class of
constrained tricyclic pyrrolizidinone carboxylic acids as carbapenem mimics. Journal of
Organic Chemistry. 2002;67(10):3387-97.

39. Kobayashi S, Kobayashi K, Hirai K. Trials for the synthesis of (R)-4-mercapto-
pyrrolidin-2-one ((R)-MPD). Synlett. 1999;1999(Sup. 1):909-12.

40. Felluga F, Gombac V, Pitacco G, Valentin E. A convenient chemoenzymatic synthesis
of (R)-(—) and (S)-(+)-homo-B-proline. Tetrahedron: Asymmetry. 2004;15(20):3323-7.

41.  WangL, Dong M, Lowary TL. Synthesis of unusual N-acylated aminosugar fragments
of Mycobacterium marinum lipooligosaccharide V. J Org Chem. 2015;80(5):2767-80.

103



https://clinicaltrials.gov/show/NCT02468687

42. Kwak H-S, Koo KD, Lim D, Min K, Park H, Choi D-Y, et al., inventors; LG Life
Sciences, Ltd., S. Korea . assignee. Preparation of 5-oxopyrrolidine-2-carboxamide and 2-
oxoimidazolidine-4-carboxamide  derivatives as beta-secretase inhibitors  patent
W02009038412A2. 20009.

43. Ma S, Han X, Krishnan S, Virgil SC, Stoltz BM. Catalytic enantioselective
stereoablative alkylation of 3-halooxindoles: facile access to oxindoles with C3 all-carbon
quaternary stereocenters. Angew Chem Int Ed Engl. 2009;48(43):8037-41.

44, Bennett SNL, Goldberg FW, Leach A, Whittamore PRO, Soerme P, inventors;
AstraZeneca AB, Swed. . assignee. Preparation of adamantyl iminocarbonyl-substituted
pyrimidines as inhibitors of 11HSD1 patent US20110092526A1. 2011.

45, Romero FA, Taylor AM, Crawford TD, Tsui V, Cote A, Magnuson S. Disrupting
Acetyl-Lysine Recognition: Progress in the Development of Bromodomain Inhibitors. J Med
Chem. 2016;59(4):1271-98.

46. McPhillips TM, McPhillips SE, Chiu H-J, Cohen AE, Deacon AM, Ellis PJ, et al. Blu-
Ice and the Distributed Control System: software for data acquisition and instrument control at
macromolecular crystallography beamlines. Journal of synchrotron radiation. 2002;9(6):401-
6.

47. Battye TGG, Kontogiannis L, Johnson O, Powell HR, Leslie AGW. iMOSFLM: a new
graphical interface for diffraction-image processing with MOSFLM. Acta crystallographica
Section D, Biological crystallography. 2011;67(Pt 4):271-81.

48. Evans PR, Murshudov GN. How good are my data and what is the resolution? Acta
crystallographica Section D, Biological crystallography. 2013;69(Pt 7):1204-14.

49.  Winn MD, Ballard CC, Cowtan KD, Dodson EJ, Emsley P, Evans PR, et al. Overview
of the CCP4 suite and current developments. Acta Crystallogr D Biol Crystallogr. 2011;67 (Pt
4):235-42.

50. McCoy AJ, Grosse-Kunstleve RW, Adams PD, Winn MD, Storoni LC, Read RJ. Phaser
crystallographic software. J Appl Crystallogr. 2007;40(Pt 4):658-74.

51. Emsley P, Lohkamp B, Scott WG, Cowtan K. Features and development of Coot. Acta
Crystallogr D Biol Crystallogr. 2010;66(Pt 4):486-501.

52.  Afonine PV, Grosse-Kunstleve RW, Echols N, Headd JJ, Moriarty NW, Mustyakimov
M, et al. Towards automated crystallographic structure refinement with phenix.refine. Acta
Crystallogr D Biol Crystallogr. 2012;68(Pt 4):352-67.

104



Chapter 3 — Substituted 1-methyl-4-phenylpyrrolidin-2-ones —
Fragment-Based Design of N-Methylpyrrolidone-Derived
Bromodomain Inhibitors

Keywords

BRD4, Bromodomain, Epigenetics, K-ac, NMP

Abbreviations

BET, Bromodomain and Extra Terminal; BRD4, Bromdomain-containing Protein 4; BRD4
BD1, First Bromodomain of BRD4; FBDD, Fragment-based Drug Design; HPLC, High
Performance Liquid Chromatography; K-ac, Acetyl-lysine; LE, Ligand Efficiency; LLE,
Lipophilic Ligand Efficiency; NHA, Non-hydrogen Atom; NMP, N-Methylpyrrolidone; RMS,
Root Mean Square; SAR, Structure-Activity Relationship; SD, Standard Deviation; SEM,

Standard Error of Mean; vdW, van der Waals; WPF, tryptophan-proline-phenylalanine.

Abstract

N-Methylpyrrolidone is one of several chemotypes that have been described as a mimetic of
acetyl-lysine in the development of bromodomain inhibitors. In this paper, we describe the
synthesis of a 4-phenyl substituted analogue — 1-methyl-4-phenylpyrrolidin-2-one — and the
use of aryl substitution reactions as a divergent route for derivatives. Ultimately, this has led to
structurally complex, chiral compounds with progressively improved afiinity as inhibitors of

bromodomain-containing protein 4.
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3.1 Introduction

Fragment-based drug discovery is a molecular design strategy that has gained significant
traction as a means to develop new drug candidates.! ? It fundamentally enacts a process of
“growing” a small molecule with weak, but ligand efficient interactions with a target
macromolecule into a high-affinity drug-like molecule. That growth is typically achieved by
identifying a set of vectors and using functional group manipulations to extend away from the

fragment to gain new interactions and thus improve binding affinity.®

In practice, the nature of the FBDD process has shown a tendency towards extended structures
as the functional group transformations are based around building block chemistry.® ’
Obtaining more compact structures demands accessing multiple functional groups for
elaboration on the same core fragment. There has also been a tendency to avoid chirality in

fragment sets as it can lead to more complex syntheses.®

In our work, we wanted to consider both of these features as they might contribute towards
compounds with increased novelty and characteristics such as structural rigidity that might
provide for improved target selectivity. Here, we report on the elaboration by successive aryl
substitution of 1-methyl-4-phenylpyrrolidin-2-one, a chiral, phenyl-substituted version of the

solvent NMP as a BET bromodomain inhibitor.

Despite the vast amount of effort that has gone into elaborating the many fragments that are
known to fit inside the K-ac binding site,%'> NMP has been neglected in these efforts. NMP’s
historic use has been in industrial applications such as paint removal and coatings, along with
pharmaceutical purposes including drug solubilisation*® and depot injections, remarked for its
low reactivity and toxicity. NMP has affinity for several bromodomains!’ and crystallographic
work has established that NMP fits into the conserved areas of the K-ac binding pocket. NMP

shows antimyeloma and immunomodulatory activity in multiple myeloma models, which is
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attributed to pleiotropic bromodomain inhibition.'® At the moment, it is in a phase | clinical
trial for the treatment of multiple myeloma.'® NMP also has a well-documented history with
bone diseases like rheumatoid arthritis and osteoporosis?® by preventing bone resorption? and

fat accumulation in bone marrow.?2

NMP has also served as the inspiration to the development of other novel mimetic warheads,
including the dimethylisoxazole® and dihydroquinazolinone.? Both of these mimetics have
been greatly utilised in the development of clinical inhibitors®* and probes.* % 26 However,
the same level of elaboration has not been applied to NMP. We believe that with suitable
functionalisation, NMP, with its ligand efficient interactions, could have excellent utility in
bromodomain inhibitor design. In this manuscript, we describe the efforts undertaken to

develop aryl-functionalised derivatives of NMP as inhibitors of BRD4 BD1.
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3.2 Results and Discussion

In the Protein Data Bank, six entries show NMP binding to a bromodomain in close mimicry
of K-ac; the carbonyl group imitates the interactions of K-ac to a conserved tyrosine and
asparagine residue, while the N-methyl substituent rests within the water-lined pocket. In order
to build upon the mimicry of NMP, we decided that the 4-position would be the most
appropriate place to develop functionalised derivatives (Appendix B). As a starting point, we
reasoned that, based on the existing literature, a phenyl moiety would be a suitable group to
functionalise to explore and interact with sections of the bromodomain binding pocket —
including the ZA channel and WPF shelf — in a similar manner to other inhibitors reported

previously.

3.2.1 Synthesis

The strategy for preparing the desired aryl NMP fragment is outlined in Scheme 1.
Commercially-available methyl trans-cinnamate 1 was reacted with nitromethane and 1,1,3,3-
tetramethylguanidine via Michael addition as previously reported?’ to afford the nitroester 2 in
82% yield. The reduction of 2 to the amine 3 and then cyclisation to the lactam 4 was achieved
by hydrogenation with acetic acid as the solvent. Reduction under these conditions gave the
amine 3 as an acetate salt. Refluxing 3 in a mixture of ethanol and triethylamine drove
cyclisation of 3 to the lactam 4 in good yields across the 2 steps. The lactam was then
methylated by methyl iodide and sodium hydride to give the desired phenyl NMP derivative

5.2 On multigram scales, this procedure was reliably reproduced in 50% overall yield.
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Scheme 1. Formation of 5, a phenyl NMP derivative. (a); CHs3NO2, 1,1,3,3-
tetramethylguanidine, 42 h, rt; (b): Hz, Pd/C, CH3COOH, 4 d, rt; (c): EtsN, EtOH, o/n, rf; (d):

N2, NaH, Mel, THF, o/n, 0 °C = rt.

With the core scaffold in hand, the next step was to functionalise the phenyl group using
electrophilic aromatic substitution. We envisioned that an appropriate functional group was
one that would allow for quick and efficient derivatisation. For this, we selected two functional

groups: a sulfonyl chloride and a bromide.

We first used chlorosulfonylation using an excess of chlorosulfonic acid to give the
intermediate 6. The para-substituted sulfonyl chloride 6 was treated with a range of primary
and secondary amines based on their availability, with minor adjustments to the amine based
on assay results (discussed later). These were used to generate sulfonamides 7a-7n in yields

ranging from 21-69% (Scheme 2).
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Scheme 2. General formation of sulfonamides 7. (a): CISOsH, CH.Cl,, o/n, rt; (b): NR1Ry,

EtsN, CH2Cl>, o/n, rt.

Alternatively, bromination using sodium bromide and sulfuric acid from a reported method?®
gave a mixture of both ortho- (8) and para-substituted (9) products (Scheme 3) which were
separated by column chromatography. Given the limited availability of 8 and 9, each of the
aryl bromides were used for Suzuki coupling with phenylboronic acid, giving the biphenyl

NMP derivatives 10 and 11 in respectable yields.*

0
0]
(b) N—
o N— -
O
. 14% Br O
8 10
N— ——(a)
23% O
5 O
b N—
N (b)
75%
Br O
9 1

Scheme 3. Formation of bromides 8 and 9 with subsequent Suzuki coupling. (a): NaBr, H2SO4,

2 h, 80 °C. (b): N2, PhB(OH)2, Pd(PPhs)a, 1,2-dimethoxyethane, 2 M Na,COs, 4 h, rf.
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The alkyl sulfonamides showed promising affinity (discussed later), so the diethyl sulfonamide
7a was used to further functionalise the aryl group. As outlined in Scheme 4, 7a was treated
with a mixture of N-bromosuccinimide and sulfuric acid to give 12 in good yield.3! Bromide
12 was then used in a series of cross-coupling reactions, using reagents that were readily
available to conduct these couplings, with a small amount of variety in the limited set. Heck
coupling gave a series of alkenes (13) which were reduced to the corresponding alkanes (14).
Suzuki coupling using the method described above gave a series of biaryl compounds (15).%
The coupling of a thianaphthene group (15d) resulted in atropisomerism due to the hindered
rotation between the thianaphthene and NMP moieties. This was shown by the broadening of
the NMP signals in the *H NMR, while the signals for the other compounds in this series were

well-defined.

The co-crystal structures generated during this work, coupled with the inhibitory activity of the
biaryl derivative 15c (discussed later) inspired the application of diastereomeric resolution to
separate the NMP isomers. As shown in Scheme 5, lactam 4 was treated with lithium
diisopropylamide and (S)-Naproxen chloride 16 to give diastereomers 17, which were
separated carefully by column chromagraphy to acquire the enantiopure imides (R,S)-17 and
(S,5)-17. In agreement with the literature, the *H NMR signals of the first eluted product
corresponded with the (R,S)-diastereomer, and the proton signals of the second product
matched the (S,S)-diastereomer. The imides were hydrolysed with aqueous potassium
hydroxide to give (R)-4 and (S)-4. The specific rotation of each enantiomer was consistent with
literature values. They were then methylated using as above to give the respective isomers (R)-
5 and (S)-5, which were carried forward to (R)-15c¢ and (S)-15c¢ using the same conditions

described previously.
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Scheme 4. Formation of sulfonamide 7a with bromination and cross-coupling of 12. (a):
CISOzH, CHxCly, o/n, rt; (b): EtaNH, EtsN, CH2Cl, o/n, rt. (¢): NBS, H2SOs4, o/n, rt. (d): N,
R-alkene, P(o-tol)s, Pd(OAC)2, DIPEA, DMF, o/n, 90 °C; (e): H2, Pd/C, EtOAC, o/n, rt; (f): N2,

R-B(OH)2, Pd(PPhs)4, 1,2-dimethoxyethane, 2 M NazCOs, 4 h, rf,
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Scheme 5. Stereoisomer resolution of 4 with corresponding synthesis of phenyl NMP isomers.
(@): LDA, THF, 3 h, 78 °C. (b): Column chromatography, 10% EtOAc in petroleum benzine.
(c): 1 M KOH, THF, o/n, rt. (d): NaH, Mel, THF, N2, o/n, 0 °C - rt. (e): CISOsH, CH.Cl,
o/n, rt; (f): EtaNH, EtsN, CH2Cly, o/n, rt. (g): NBS, H2SOs4, o/n, rt. (h): N2, (CH30)2-CsHs-

B(OH)2, Pd(PPhs)a, 1,2-dimethoxyethane, 2 M Na2COs, 4 h, rf.

3.2.2 BRD4 BD1 FRET Assay Results

The phenyl-substituted NMP compounds were all assessed for binding inhibition against
BRD4 BD1 in a FRET-based assay. This method, developed by Cisbio Assays, is a competitive
binding assay that measures the fluorescence created between a Eu®* cryptate donor attached
to a GST-tagged bromodomain (BRD4 BD1), and a Streptavidin D2 acceptor attached to a
biotinylated tetra-acetylated histone peptide (H4K5K8K12K16(acs)). When an inhibitor is
added, it competes for binding with the histone peptide to the bromodomain, ultimately

disrupting the donor-acceptor transfer and preventing fluorescence from occurring.

The results of the first series of assays are shown in Table 1. Firstly, the addition of a phenyl
group to NMP (5) increased the binding affinity for BRD4 BD1 by approximately 2-fold. This

confirmed the suitability of the aryl substituent for functionalisation of NMP.

Introduction of the sulfonamide group gave some significant improvements with alkyl
sulfonamides 7a, 7b, 7h and 7i having I1Cso values between 120 — 150 uM, nearly a 10-fold
increase from 5. However, other alterations to the sulfonamide - arylpiperidines,
terahydroquinolines, benzylamines and nipecotic acids — resulted in a loss of activity. An
interesting observation was that the activity of 7n was similar to compounds 7a, 7b, 7h and 7i,
despite possessing a bulky adamantyl group. These observations, paired with our generated X-
ray crystal structures to be discussed later, suggest that certain aliphatic substituents are best

tolerated.
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Intriguingly, while both bromides had improved on this affinity compared to 5, the ortho-
bromide 8 (321 uM) had higher affinity than the para-bromide 9 (417 uM). The substitution
to a phenyl group was also tolerated, but was preferable in the para position 11 (434 uM)

compared to the ortho position 10 (575 puM).

These compounds were also assessed for any correlation between lipophilicity and affinity.
Given that the r? value of this series was 0.00006, there was no apparent correlation (Appendix

H, Figure S1).

Table 1. SAR data on initial phenyl NMP derivatives.

0
\\T}—R
_N
Compound 1Cs0 (UM LE
R= % | (kcal/mol | cLogP® | LLE'
Number + SEM) NHA)!
H 2659 + 478 0.50 -0.40 2.97
5 §© 1143 £ 6 0.31 1.16 1.78
0
—
7a E@é—N 123+ 29 0.26 108 | 2.83
TN
0
Q
7b §@§—Nj ) 144 + 18 0.24 155 | 2.29
0
e
7c §@S—N o 276 + 12 0.22 030 | 3.26
6 \ /
Q
7d §@§—NC>—© 473£13 0.16 2.96 | 0.37
o
Q
Te o 450 + 33 0.18 2.48 0.87
Q
7f %@ﬁ_NLQ 443° 0.19 1.71 1.65
0

115




Table 1 (continued).

(@)
79 %@é—w 250 + 3 0.26 014 | 3.46
N
h 2 , 147 + 5P 0.26 067 | 3.16
7 (|85—NH + . . .
Q
7i @E—NH 134 + 75 0.27 045 | 3.42
Q
7 @ﬁ—@o 223 + 23 0.20 055 | 3.10
(@)
Q
7k & 1682 + 242 0.15 076 | 2.01
O
HO
Q
= )
71 8 / 1963 + 90 0.15 076 | 1.95
}zo
HO
N/§N
—
7m C Q /_/7 1389 + 15 0.16 019 | 2.67
ﬁ—NH
(@]
7n o @ 151 + 43 0.19 260 | 1.22
§—< >—§—NH
(@)
8 §@ 321 + 48 0.34 202 | 1.47
Br
9 §@Br 417 + 25 0.33 202 | 136
10 575 + 177 0.23 275 | 0.49
11 § 434 + 116 0.24 3.05 | 0.31

116




Assays carried out by Dr. lan Jennings, Zhaohua Zheng and Ali Noor. 2Unless stated otherwise,
all results of means are n > 2. ®SD reported. °n = 1. YLigand efficiency = 1.37(-log(ICso)) /
NHA. écLogP values were calculated using ChemDraw 17.0. ‘Lipophilic ligand efficiency =
—log(ICsp) — clogP. Control compound used: I-BET726 (ICso: 0.01 uM). NHA, non-hydrogen

atom.

The synthetic elaboration of 7a yielded di-substituted aryl NMP analogues that produced a
range of activities, which are shown in Table 2. The preliminary addition of the bromide to the
selected sulfonamide (12) caused a 5-fold drop in inhibition compared to 7a. The products from
the Heck/hydrogenation steps (14a — 14b) were found to be inactive. The change to a phenyl
group (15a) was detrimental to activity, but compound 15c¢ showed much improved inhibition

with an ICsp of 51.6 uM.

Despite the limited number of compounds, we were interesting in learning whether lipophilicity
and affinity were connected in this set. The r? value of 0.56 suggests that a correlation exists,
in that the affinity is negatively affected by an increase in lipophilicity (Appendix H, Figure

S2).

Table 2. SAR data on halide-coupled NMP derivatives from 7a.

R
@) |C|) —
S—N

/N:/\ C I

Compound R= |Ce0 (UM (kcla_lllzmol cLogP® | LLE®
- a
Number + SEM) NHA)?

7a H 123 % 29 0.26 108 | 2.83
12 Br 652 + 116 0.20 195 | 1.24

14a C@ 4495 + 39 0.11 348 | -1.13
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Table 2 (continued).

14b CQ >5000 0.11 401 | -1.70
15a Q 3193 + 76 0.13 267 | -0.18
/
—N
15b Q 217 + 19 0.17 2.90 0.77
—0
15¢ \OQ 51.6+25 0.19 2.35 1.75
15d g g 2665 + 217 0.12 372 | -1.14

Assays carried out by Dr. lan Jennings. ®Unless stated otherwise, all results of means are n >
2. PLigand efficiency = 1.37(-log(ICs0)) / NHA. °cLogP values were calculated using
ChemDraw 17.0. Lipophilic ligand efficiency = —log(ICso) — clogP. Control compound used:

I-BET726 (ICs0: 0.01 uM). NHA, non-hydrogen atom.

We were interested to learn if this series of compounds showed stereoselective interactions and
so we resolved the enantiomers by both chiral auxiliary and chromatography. Both enantiomers
of 5 were shown to inhibit binding with the (R)-enantiomer having approximately twice as high
affinity compared to the (S)-enantiomer (Table 3). The isomers of 15c¢ maintained this
difference in activity with (R)-15c¢ being the higher affinity isomer compared to (S)-15c. At
14.1 pM, it is 190-fold more potent than NMP itself (dose response curves of 15c¢, (R)-15c and

(S)-15c are available in Appendix ).
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Table 3. Assay data on resolved isomers.

(@)
Hw
/N
LE
Compound _ 1Cso0 (UM
R= a (kcal/mol
Number + SEM) NHA)"
5 %@ 1143 +6 0.31
(R)-5 §© 629 + 26" 0.34
(S)-5 ;—-@ 1425 + 169 0.30
—O0
2w,
15¢ 51.6 +2.5 0.19
(R)-15c 14.1+0.3 0.21
v,
(S)-15¢ 352+13 0.20
Q
Vs
I

Assays carried out by Dr. lan Jennings. ®Unless stated otherwise, all results of means are n >
2. °SD reported. °Ligand efficiency = 1.37(-log(ICso)) / NHA. Control compound used: I-

BET726 (ICso: 0.01 uM). NHA, non-hydrogen atom.

3.2.3 X-ray Crystallography

We were able to gather a number of X-ray structures of our compound series to support the
SAR studies of these compounds (For videos, refer to Appendix J. For electron density maps,

refer to Appendix K).
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Firstly, a crystal structure of 5 bound to BRD4 BD1 was solved (Figure 1). The NMP segment
of 5 retains the K-ac mimetic function, replicating the interactions between Asn140 and Tyr97.
The phenyl group moiety of 5 emerges from the pocket and rests on the WPF shelf and appears
to form weak interactions of its own with the WPF shelf residues Trp81 and Pro82 and the
gatekeeper residue lle146. While 5 was submitted as a racemic mixture, only the (R)-
enantiomer was observed in the X-ray crystal structure of BRD4 BD1. This observation is
consistent with the binding activity acquired from both (R)-5 and (S)-5. The (S)-isomer in this

pose would have more than likely produced a steric clash with the wall created by the ZA loop.

Figure 1. Comparison of binding substrates in BRD4 BD1. [A] K-ac (purple blue) (PDB:
3UVW). [B] (R)-5 (purple, resolution: 1.5 2\). Water molecules shown as red spheres. Pro86,
Val87 and Asp88 were hidden for better visualisation. Distances in A, highlighted by red

dashes. X-ray crystal structure of 5 developed by Dr. lan Jennings and Dr. Olga Ilyichova.

Crystal structures of the sulfonamides 7b and 7h were also solved. As shown in Figure 2, only
the (R)-isomer was evident in these co-crystal structures and the orientation of the NMP ring
in the binding pocket matches closely with compound 5. Despite the NMP backbone atoms

overlaying closely (RMS = 0.20 and 0.37, respectively), the phenyl group appears to have
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shifted slightly (RMS = 1.25 and 1.63, respectively). This change has positioned the phenyl
group closer towards the side chain of Leu92, but further away from Trp81, Pro82 and Ile146.

Both the piperidyl group of 7b and n-propyl moiety of 7h rest in a pocket adjacent to the WPF

shelf and form weak vdW interactions with Trp81, Asp145 and Met149 (Figure 3).
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) 4

D
Figure 2. Comparison of X-ray crystal structures of NMP derivatives. [A, C, E] Binding site.

Pro86, Val87 and Asp88 were hidden for better visualisation. [B, D, F] Emphasis on phenyl
group. [A, B] 5 (purple, resolution: 1.5 A). [C, D] (R)-7b (raspberry, resolution: 1.55 Z\). [E,
F] (R)-7h (orange, resolution: 1.59 A). Water molecules shown as red spheres. Distances in A,
highlighted by red dashes. X-ray crystal structures developed by Dr. lan Jennings and Dr. Olga

Ilyichova.
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Figure 3. X-ray crystal structures illustrating the interactions between sulfonamide alkyl
moieties and BRD4 BD1. [A] (R)-7b (raspberry, resolution: 1.55 A). [B] (R)-7h (orange,
resolution: 1.59 A). Water molecules shown as red spheres. Distances in A, highlighted by red

dashes. X-ray crystal structures developed by Dr. lan Jennings and Dr. Olga llyichova.

Finally, we were able to obtain a co-crystal structure of our highest affinity compound, 15c. To
our surprise, the inclusion of the dimethoxyphenyl moiety had completely changed the
orientation of the molecule. As shown in Figure 4, the dimethoxyphenyl group fills the
acetamide binding pocket, using the two oxygen atoms to form a pair of hydrogen bonds to
Asn140. The sulfonamide was re-oriented into the ZA channel, with the sulfonyl forming a
hydrogen bond with the backbone nitrogen of Asp88 and the diethyl group lining up against
GIn85. One of the ethyl moieties is situated in a small pocket that is in close proximity to three
backbone carbonyls: Pro82, GIn85 and Pro86. Finally, the NMP segment rested in the pocket
adjacent to Trp81. Not only is the carbonyl of NMP close to the sulfur atom of Met149, the
active isomer is flipped to the (S)-isomer compared to previous crystal structures (Figure 5).
Overall, this potentially rationalises the improved affinity in comparison to the other
compounds in this series, as the addition of any substituent — alkyl or aryl — would clash with
the ZA channel. However, the observed NMP isomer in our co-crystal structure of 15¢ contrasts
our assay data as (S)-15c¢ was found to have lower affinity than (R)-15c. This is potentially due
to the difference in crystallisation conditions between the two enantiomers, particularly those

with similar affinities.
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‘4

Figure 4. X-ray crystal structure of (S)-15¢ (cyan, resolution: 1.48 A) bound to BRD4 BD1,

illustrating interactions with the bromodomain. [A] Binding site. Pro86, VVal87 and Asp88 were
hidden for better visualisation. [B] NMP. [C] Phenyl ‘hub’. [D] Sulfonamide. Water molecules
shown as red spheres. Distances in A, highlighted by red dashes. X-ray crystal structure

developed by Dr. lan Jennings and Dr. Olga Ilyichova.
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Figure 5. Comparison of X-ray crystal structures of bound NMP isomers in BRD4 BDL. [A]

(R)-5 (purple, resolution: 1.5 A). [B] (R)-7b (raspberry, resolution: 1.55 A). [C] (R)-7h (orange,
resolution: 1.59 A). [D] (S)-15c (cyan, resolution: 1.48 A). X-ray crystal structures developed

by Dr. lan Jennings and Dr. Olga Ilyichova.

To our knowledge, only two groups have assessed compounds with mimetics that bear a close
resemblance to 15c. While the catechol ether of each compound fits in the binding pocket of
BRD4 BD1, they all have subtle differences with how they interact with the conserved tyrosine
and asparagine residues (Figure 6). The kinase inhibitor GW612286X was assessed among
other inhibitors by Ember et al.** for BET inhibition. In their crystallographic studies, the

trimethoxy group of GW612286X served as the K-ac mimetic in the binding pocket of BRD4
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BD1, but it was noted that the only interaction to the main binding site was to the carbonyl of
Asn140 through a water-mediated hydrogen bond instead of a direct interaction. The lack of
this direct interaction, presumably due to the length between the 4-methoxy oxygen and the
nitrogen of Asn140, was their rationale for a reduction in affinity. Chen et al.*® evaluated the
trimethoxy group as a mimetic for novel BRD4 inhibitors. In one of their compounds, DC-BD-
29, the 3- and 4-methoxy groups also formed the dual interaction to Asn140 seen in 15c, but
the 4- and 5-methoxy groups were also paired to the water molecule that is linked to Tyr97, an
interaction that is lacking in 15c due to the displacement of the water molecule responsible for
the bonds between Tyr97 and the bound substrate. Ultimately, the absence of the bonds to

Tyr97 contributes to weakened interactions with the binding site.

%
\/N\S

/7 \\

(S)-15¢
|C50: 14.1 HM
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GW612286X
|C50: 4.6 UM

DC-BD-29
|C50: 6.4 UM

Figure 6. Comparison of catechol ether groups bound to BRD4 BD1. [A, B] (S)-15c (cyan,
resolution: 1.48 A). [C, D] GW612286X (pink) (PDB: 4078). [E, F] DC-BD-29 (sand) (PDB:
5H21). [A, C, E] Chemical structure. [B, D, F] Binding site. Water molecules shown as red
spheres. Pro86, Val87 and Asp88 were hidden for better visualisation. Distances in A,
highlighted by red dashes. X-ray crystal structure of 15c¢ developed by Dr. lan Jennings and

Dr. Olga llyichova.
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3.3 Conclusion and Future Directions

BRD4 is a well-characterized target for FBDD approaches and provides a useful exemplar of
bromodomain inhibitor discovery in general.** % 3" NMP itself has been co-crystallised with
several bromodomains and could be a starting point for campaigns against each one. Here, we

have tested these principles with a 4-phenyl derivative of NMP.

We devised a synthetic scheme for the formation of the phenyl core scaffold (5) which has
been reliably reproduced on multigram scales. A crystal structure of 5 bound to BRD4 was
generated, which has helped validate our use of the phenyl scaffold. In addition, we developed

a route for the preparation of both enantiomers.

A series of electrophilic aromatic substitution reactions on this core led to three potential
intermediates (6, 8, 9) to use for SAR studies. Of the compounds generated from these
intermediates, a group of alkyl sulfonamides (7a, 7b, 7h, 7i, 7n) gave the best inhibition of this

series.

We then used one such compound (7a) to generate another intermediate (12) for halide
coupling, which afforded six additional compounds (14a-14b, 15a-15d). While this
derivatisation probably disfavours enhanced binding of the NMP motif in the binding site, in
an unexpected turn, a crystal structure of the lead compound 15c adopted a new binding

orientation in the BRD4 bromodomain pocket.

Taken together, these results should be able to provide guidance for the rational design of
inhibitors that possess the NMP fragment, along with the synthesis of other functionalised
derivatives of NMP. Additionally, these compounds should be tested on other bromodomains,
particularly those outside of the BET family to further confirm the usefulness of NMP as a

mimetic fragment.
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Experimental

'H and '3C Nuclear Magnetic Resonance spectra were conducted on a Bruker Advance 1lI
Nanobay 400 MHz spectrometer coupled to the BACS 60 automatic sample changer and
obtained at 400.1 MHz and 100.6 MHz. All spectra were processed using MestReNova 6.0
software. The chemical shifts of all *H were measured relative to the expected solvent peaks of
the respective NMR solvents; CDCls, 7.26; MeOD, 3.31; DMSO, 2.50. The chemical shifts of
all 1>C were measured relative to the expected solvent peaks of the respective NMR solvents;
CDCls, 77.2; MeQOD, 49.0; DMSO, 39.5. The data for all spectra are reported in the following
format: chemical shift (integration, multiplicity, coupling constant, assignment). Multiplicity
is defined as; s = singlet, d= doublet, t = triplet, q = quartet, quint = quintet, dd = doublet of
doublets, dt = doublet of triplets, td = triplet of doublets, tt = triplet of triplets, qd = quartet of
doublets, ddd = doublet of doublet of doublets, m = multiplet. Coupling constants are applied

as J in Hertz (Hz). For H and ‘3C spectra, refer to Appendix L.

All HRMS analyses were done on an Agilent 6224 TOF LC/MS Mass Spectrometer coupled
to an Agilent 1290 Infinity (Agilent, Palo Alto, CA). All data were acquired and reference mass
corrected via a dual-spray electrospray ionisation (ESI) source. Each scan or data point on the
Total lon Chromatogram (TIC) is an average of 13,700 transients, producing a spectrum every
second. Mass spectra were created by averaging the scans across each peak and background
subtracted against the first 10 seconds of the TIC. Acquisition was performed using the Agilent
Mass Hunter Data Acquisition software version B.05.00 Build 5.0.5042.2 and analysis was

performed using Mass Hunter Qualitative Analysis version B.05.00 Build 5.0.519.13.

All LCMS analyses were carried out on an Agilent 6100 Series Single Quad LC/MS coupled
with an Agilent 1200 Series HPLC, 1260 Infinity G1312B Binary pump, 1260 Infinity G1367E

1260 HiP ALS autosampler and 1290 Infinity G4212A 1290 DAD detector. The liquid
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chromatography conditions were: reverse phase HPLC analysis fitted with a Luna C8(2) 5 uL
50 X 4.6 mm 100A at a temperature of 30 °C. The sample injection volume was 5uL, which
was run in 0.1% formic acid in acetonitrile at a gradient of 5-100% over 10 minutes. Detection
methods were either 254 nm or 214 nm. The mass spectrum conditions were: Quadrupole ion
source with Multimode-ES. The drying gas temperature was 300 °C and the vaporizer
temperature was 200 °C. The capillary voltage in positive mode was 2000V, while in negative
mode, the capillary voltage was 4000V. The scan range was 100-1000 m/z with a step size of

0.1 second over 10 minutes.

TLCs were carried on Merck TLC Silica gel 60 F2s4 plates using the appropriate mobile phase.
Purification by column chromatography was conducted with Davisil Chromatographic Silica

LC60A (40-63 micron) using the specified mobile phases.

Purification on reverse-phase HPLC was done on a Waters Delta Prep 2000 Prep HPLC System
that was fitted with a Waters Delta Prep 2000 Pump and Controller. Samples were injected into
a Waters Prep Rack with Manual Injector, which were run through a Luna C8(2) 10 uL 50 X
21.20 mm 100A and Waters 486 Tunable Absorbance Detector. The conditions were: Solvent
A (0.1% TFA in H20) and Solvent B (0.1% TFA in CH3CN), with a gradient of 0-80% Solvent

B over a 20-minute period.

Compound purity was determined using an Agilent 1260 Infinity Analytical HPLC (1260
Infinity G1322A Degasser, 1260 Infinity G1312B Binary pump, G1367E HiP ALS
autosampler, 1260 Infinity G1316A Thermostatted Column Compartment, and 1260 Infinity
G4212B DAD detector. The liquid chromatography conditions were: reverse phase HPLC
analysis fitted with a Zorbax Eclipse Plus C18 Rapid Resolution 4.6 X 100 mm 3.5-Micron.
The sample injection volume was 1 pL, which was run in Solvent A (0.1% TFA in H20) and

Solvent B (0.1% TFA in CH3CN), with a gradient of 5-100% Solvent B over a 10-minute
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period. All compounds submitted for assays and X-ray crystallography studies were assessed

for purity of 95% or greater on 214 nm and 254 nm.

Separation on chiral HPLC was done on an Agilent 1260 Infinity Prep HPLC (1260 Infinity
G1361A Prep Pump, 1260 Infinity G2260A Prep ALS, 1260 Infinity G1328C Man Inj, 1260
Infinity G1315D DAD VL, and 1260 Infinity G1364B FC-PS. The liquid chromatography
conditions were: normal phase HPLC analysis fitted with a Phenomenex Lux 5 um Cellulose-
1 4.6 x 150 mm. The sample injection volume was 10 pL at a concentration of 1 mg/mL, which
was run in Solvent A (40% petroleum ether) and Solvent B (60% ethanol), over a 10-minute

period.

Specific rotations were measured using a Jasco P-2000 polarimeter. The light source was a
sodium lamp with a wavelength of 589 nm. Compounds were loaded into a 3.5 mm x 100 mm

cylindrical glass cell. Digital integration time was 5 seconds per cycle for 10 cycles.

The 1Csos were measured using a Fluorescence Resonance Energy Transfer (FRET) assay,
which was carried out based on the protocol developed by CisBio Assay, France. The assay
consists of a europium (Eu®") cryptate-conjugated antibody attached to glutathione S-
transferase (GST) fused to BRD4 BD1 (49-170) and Streptavidin-D2 bound to biotin which is
attached to a Histone H4 peptide, SGRG-K(Ac)-GG-K(Ac)-GLG-K(Ac)-GGAK(AC)-
RHRKVGG-K (Biotin). Both Streptavidin-D2 and the Eu®* cryptate-conjugated antibody were
purchased from CisBio Assays. In the absence of inhibitors, the Histone H4 peptide is bound
to BRD4 BD1. When both are in close proximity, a 337 nm laser light activates the Eu** donor
and emits at 620 nm, which causes D2 to fluoresce at 665 nm. In the presence of a ligand, this
reaction is interrupted. The assays were performed in 384-well small volume microtiter plates.
The serially diluted small molecule inhibitors were added to a buffer mixture with a final

concentration of 1% DMSO. The final buffer concentrations were 10 nM of GST-BRD4 BD1,
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40 nM of Histone H4 peptide, 5 nM of Eu®* cryptate-conjugated GST-antibody, 6.25 nM
Streptavidin-D2, 50 mM Hepes, 50 mM NaCl, 0.5 mM CHAPS, 400 mM KF, 0.01% BSA, pH
7.5. After mixing and incubation at room temperature for at least 1.5 hours, the plates were
measured in a PheraStar plate reader (BMG Labtech) (excitation: 337 nm with 10 flashes;

emission: 620 and 665 nm).

X-ray crystal structures were obtained using a 6-His tagged bromodomain, BRD4 BD1, which
was expressed in E.coli and purified using Ni-agarose chromatography. The 6-His tag was then
removed by TEV protease digestion. The bromodomain was purified using gel filtration
chromatography using a Superdex-75, 16/60 column (GE Healthcare) in a buffer containing 50
mM Hepes pH 7.5, 0.3 M NaCl and 5% glycerol. The concentrated BRD4 BD1 protein (17
mg/ml) was then incubated with 50 mM of the ligand at 40 °C for 16h. The final ligand
concentration used in the hanging drop was 5 mM. Crystals were obtained using the hanging
drop method in 24-well plates using 1 pl drops of protein and the reservoir solution containing
0.2 M NaNOs, PEG-3350 (35%) and ethylene glycol (6% v/v) concentrations. This was then
flash frozen in liquid nitrogen. All datasets were collected at the Australian Synchrotron on
MX1 and MX2 beamlines.®® Datasets were merged and scaled using MOSFLM%* and
AIMLESS* from the CCP4 suite.** 5% of reflections in each dataset were flagged for
calculation of Rfree. A summary of statistics is provided in Appendix M. Molecular replacement
was performed with Phaser*? using a previously solved structure of BRD4 as a search model
(PDB: 5DW?2). The final structures were obtained after several rounds of manual refinement

using Coot*® and refinement with phenix.refine.*

Methyl 4-nitro-3-phenylbutanoate (2) — Methyl trans-cinnamate 1 (5.01 g, 30.9 mmol) was
weighed into a 250 mL round-bottom flask with a magnetic stir-bar and dissolved in

nitromethane (17 mL, 0.308 mol), to which stirring commenced. 1,1,3,3-tetramethylguanidine
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(775 pL, 6.18 mmol) was added, and the mixture was left to stir for 42 hours at room
temperature, checking for completion with TLC. After completion, the mixture was quenched
with 5% HCI (75 mL) and washed with diethyl ether (3 x 75 mL). The organic layers were
combined, dried with MgSOs, filtered and concentrated under reduced pressure to afford an
orange-coloured oil. The oil was then purified using column chromatography (Mobile phase:
10% EtOAC in petroleum benzine, TLCs were checked in 20% EtOAc in petroleum benzine)
to afford 2 (5.62 g, 82%) as a clear oil. 'H NMR (400 MHz, CDCls) § 7.37 — 7.21 (m, 5H),
4.70 (ddd, J = 20.5, 12.6, 7.5 Hz, 2H), 3.99 (quint, J = 7.4 Hz, 1H), 3.64 (s, 3H), 2.83 — 2.74
(m, 2H) ppm. 13C NMR (101 MHz, CDCl3) § 171.2, 138.4, 129.2, 128.2, 127.4, 79.5, 52.1,

40.3, 37.6 ppm.

4-phenylpyrrolidin-2-one (4) — A two-neck 250 mL round-bottom flask with a stir-bar was
purged with N2, to which palladium on carbon (10%, 453 mg) was added and submerged in a
minimum amount of dichloromethane. Methyl 4-nitro-3-phenylbutanoate 2 (4.53 g, 20.3
mmol) was dissolved in acetic acid (150 mL) and pipetted into the flask while keeping it under
N2. The flask was purged three more times with N2 and then purged with H> three times, to
which the contents were left to stir at room temperature. The progress of the reaction was
monitored by NMR. After completion, the flask was purged with N2 three times and the
contents filtered carefully through a glass microfiber filter paper under very gentle vacuum.
The filtered palladium catalyst was washed with dichloromethane then separately quenched
with H2O while the filtrate was concentrated under reduced pressure to give methyl 4-amino-
3-phenylbutanoate (3) as a caramel-coloured oil. In a 250 mL round-bottom flask, the oil was
then taken up in EtOH (75 mL) and EtsN (1 mL) and then heated under reflux overnight. Upon
assessing completion via LCMS, the mixture was concentrated under reduced pressure, then
purified with a silica column (Mobile phase: neat EtOAc) to afford the lactam 4 (2.73 g, 83%)

as an orange crystalline solid. 'TH NMR (400 MHz, CDCls3) § 7.54 (br s, 1H), 7.36 — 7.29 (m,
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2H), 7.28 — 7.21 (m, 3H), 3.82 — 3.74 (m, 1H), 3.66 (dt, J = 16.9, 8.6 Hz, 1H), 3.41 (dd, J =
9.5, 7.3 Hz, 1H), 2.73 (dd, J = 16.9, 8.9 Hz, 1H), 2.50 (dd, J = 16.9, 8.8 Hz, 1H) ppm. 13C
NMR (101 MHz, CDCls) 5 178.3, 142.2, 128.8, 127.0, 126.8, 49.7, 40.2, 38.2 ppm. ESI-MS:

m/z 162.1 [M+H]"*.

Lactam Methylation - In a round-bottom flask with a magnetic stir-bar, 4-phenylpyrrolidin-2-
one 4 was weighed out and dissolved in THF. The flask was partially sealed with a rubber
septum, purged with N2 and placed on an ice-bath. Sodium hydride (2 mol. eq., 60% dispersed
in mineral oil) was added to the mixture under N2 and the contents were stirred for 30 minutes.
lodomethane (5 mol. eq.) was then added via syringe, and the contents were stirred at room
temperature overnight. After completion, the THF was removed under reduced pressure. The
resulting residue was quenched with 50% saturated aqueous NaCl and washed with EtOAc
three times. The combined organic layers were dried with MgSQa, filtered and concentrated
under reduced pressure to obtain the crude product, which was then purified with silica column
chromatography (Mobile phase: 20% petroleum benzine in EtOACc) to afford the respective

products.

1-methyl-4-phenylpyrrolidin-2-one (5) — Acquired 1.44 g (88%) as a clear oil from 1.51 g of 4.
IH NMR (400 MHz, CDCl3) § 7.37 — 7.31 (m, 2H), 7.29 — 7.20 (m, 3H), 3.75 (dd, J = 9.6, 8.3
Hz, 1H), 3.58 (dt, J = 16.9, 8.4 Hz, 1H), 3.41 (dd, J = 9.6, 7.0 Hz, 1H), 2.91 (s, 3H), 2.82 (dd,
J=16.9, 9.1 Hz, 1H), 2.55 (dd, J = 16.9, 8.3 Hz, 1H) ppm. 3C NMR (101 MHz, CDCl3) &
174.1, 142.6, 129.0, 127.21, 126.85, 56.9, 38.9, 37.3, 29.7 ppm. ESI-MS: m/z 176.2 [M+H]";
HR-MS: m/z calcd. for C11H13NO [M+H]": 175.0997; found 175.0992. HPLC (PP gradient,

MeOH): 4.87 min.

(R)-1-methyl-4-phenylpyrrolidin-2-one ((R)-5) — Acquired 40.9 mg (85%) as a clear oil from

44.3 mg of (R)-4. [a]o® - 38.4 (c 1, CHCls). 'H NMR (400 MHz, CDCls) § 7.37 — 7.30 (m,
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2H), 7.29 — 7.20 (m, 3H), 3.74 (dd, J = 9.6, 8.3 Hz, 1H), 3.57 (dt, J = 16.9, 8.4 Hz, 1H), 3.40
(dd, J = 9.6, 7.0 Hz, 1H), 2.90 (s, 3H), 2.81 (dd, J = 16.9, 9.1 Hz, 1H), 2.54 (dd, J = 16.8, 8.3
Hz, 1H) ppm. C NMR (101 MHz, CDCls) & 174.0, 142.7, 129.0, 127.18, 126.83, 56.8, 38.9,
37.3, 29.7 ppm. ESI-MS: m/z 176.0 [M+H]*; HR-MS: m/z calcd. for C11H13NO [M+H]™:

175.0997; found 175.0996. HPL.C (PP gradient, MeOH): 4.67 min.

(S)-1-methyl-4-phenylpyrrolidin-2-one ((S)-5) — Acquired 23.5 mg (85%) as a clear oil from
25.3 mg of (5)-4. [a]p?*+ 43.2 (c 0.5, CHCI3). *H NMR (400 MHz, CDCls) § 7.37 — 7.29 (m,
2H), 7.29 — 7.19 (m, 3H), 3.74 (dd, J = 9.6, 8.3 Hz, 1H), 3.57 (dt, J = 16.9, 8.4 Hz, 1H), 3.40
(dd, J = 9.6, 7.0 Hz, 1H), 2.90 (s, 3H), 2.81 (dd, J = 16.9, 9.1 Hz, 1H), 2.54 (dd, J = 16.8, 8.3
Hz, 1H) ppm. 3C NMR (101 MHz, CDCls) § 174.0, 142.7, 129.0, 127.17, 126.82, 56.8, 38.9,
37.3, 29.7 ppm. ESI-MS: m/z 176.0 [M+H]*; HR-MS: m/z calcd. for C11H13NO [M+H]™:

175.0997; found 175.0994. HPL.C (PP gradient, MeOH): 4.71 min.

Sulfonamides (7) — 1-methyl-4-phenylpyrrolidin-2-one 5 was weighed in a 25 mL round-
bottom flask and dissolved in CH>Cl (5 mL). Chlorosulfonic acid (8 mol. eq.) was then slowly
pipetted into the mixture at room temperature and left to stir overnight. After this time, the
mixture was slowly quenched with water (25 mL) at 0 °C and washed with CH2Cl, (3 x 25
mL). The combined organic layers were dried with MgSQOg, filtered and concentrated under
reduced pressure to acquire the sulfonyl chloride 6 as an oil. This was then re-taken up in
CHCI; (15mL) and the appropriate amine (10 mol. eq.) was added, followed by EtsN (5 mol.
eq.). The mixture was left to stir overnight, quenched in water (20 mL)? and then washed with
CH2Cl2 (3 x 20 mL). The organic layers were combined, dried with MgSQsa, filtered and
concentrated under reduced pressure to afford each sulfonamide as an oil or a solid. These were

purified using the specified methods to afford the sulfonamides 7a-7n.
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N,N-diethyl-4-(1-methyl-5-oxopyrrolidin-3-yl)benzenesulfonamide (7a) — Acquired 42.8 mg
(30%) as a brown oil from 80.0 mg of 5 using diethylamine as the amine (Mobile phase: 1%
MeOH in CH,Cl,). 'H NMR (400 MHz, CDCls) & 7.75 (d, J = 8.4 Hz, 2H), 7.33 (d, J = 8.2
Hz, 2H), 3.77 (dd, J = 9.7, 8.3 Hz, 1H), 3.67 — 3.57 (m, 1H), 3.39 (dd, J = 9.8, 6.5 Hz, 1H),
3.21 (g, J = 7.2 Hz, 4H), 2.90 (s, 3H), 2.83 (dd, J = 16.9, 9.2 Hz, 1H), 2.50 (dd, J = 16.9, 7.7
Hz, 1H), 1.11 (t, J = 7.1 Hz, 6H) ppm. 3C NMR (101 MHz, CDCls) 5 173.3, 147.4, 139.3,
127.74, 127.48, 56.3, 42.2, 38.6, 37.0, 29.7, 14.3 ppm. ESI-MS: m/z 311.0 [M+H]*. HR-MS:
m/z calc. for C1sH22N203S [M+H]": 310.1351; found 310.1359. HPL.C (PP gradient, MeOH):

5.44 min.

Upscaled Formation of 7a - 1-methyl-4-phenylpyrrolidin-2-one 5 (578 mg, 3.30 mmol) was
weighed in a 100 mL round-bottom flask and dissolved in CH2Cl, (20 mL). Chlorosulfonic
acid (3.07 g, 1.76 mL, 8 mol. eq.) was then slowly pipetted into the mixture at room temperature
and left to stir overnight. After this time, the mixture was slowly quenched with water (50 mL)
at 0 °C and washed with CH2Cl2 (3 x 50 mL). The combined organic layers were dried with
MgSOs, filtered and concentrated under reduced pressure to acquire the sulfonyl chloride 6 as
an oil. This was then re-taken up in CH2Cl. (40 mL) and diethylamine (2.41 g, 3.41 mL, 10
mol. eq.) was added, followed by EtsN (1.67 g, 2.30 mL, 5 mol. eq.). The mixture was left to
stir overnight, then quenched in water (50 mL) and washed with CH2Cl> (3 x 50 mL). The
organic layers were combined, dried with MgSOyg, filtered and concentrated under reduced
pressure to afford the crude product as an oil. This were purified using the same conditions as

previously described to afford 7a (630 mg, 62%) as a clear oil.

1-methyl-4-(4-(piperidin-1-ylsulfonyl)phenyl)pyrrolidin-2-one (7b) — Acquired 94.6 mg (64%)
as a yellow solid from 80.5 mg of 5 using piperidine as the amine (Mobile phase: EtOAc). 'H

NMR (400 MHz, CDCls) § 7.68 (d, J = 8.4 Hz, 2H), 7.35 (d, J = 8.2 Hz, 2H), 3.77 (dd, J =
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9.7,8.3 Hz, 1H), 3.63 (dt, J = 16.0, 8.2 Hz, 1H), 3.39 (dd, J = 9.8, 6.5 Hz, 1H), 2.98 — 2.91 (m,
4H), 2.88 (s, 3H), 2.82 (dd, J = 16.9, 9.2 Hz, 1H), 2.49 (dd, J = 16.8, 7.8 Hz, 1H), 1.66 — 1.55
(M, 4H), 1.44 — 1.34 (m, 2H) ppm. 3C NMR (101 MHz, CDCl3) § 173.2, 147.7, 135.2, 128.33,
127.40,56.1, 46.9, 38.6, 37.0, 29.7, 25.2, 23.5 ppm. ESI-MS: m/z 323.0 [M+H]". HR-MS: m/z
calc. for C16H22N203S [M+H]": 322.1351; found 322.1356. HPL.C (PP gradient, MeOH): 5.63

min.

1-methyl-4-(4-(morpholinosulfonyl)phenyl)pyrrolidin-2-one (7c) — Acquired 69.9 mg (52%) as
a yellow solid from 72.3 mg of 5 using morpholine as the amine (Mobile phase: 2% MeOH in
CH2Cl2). 'H NMR (400 MHz, CDCl3) § 7.68 (d, J = 8.4 Hz, 2H), 7.38 (d, J = 8.2 Hz, 2H),
3.77 (dd, J = 9.7, 8.3 Hz, 1H), 3.74 — 3.57 (m, 5H), 3.38 (dd, J = 9.8, 6.5 Hz, 1H), 3.01 — 2.91
(m, 4H), 2.88 (s, 3H), 2.83 (dd, J = 16.9, 9.2 Hz, 1H), 2.49 (dd, J = 16.8, 7.6 Hz, 1H) ppm. 3C
NMR (101 MHz, CDCls) 6 173.2, 148.3, 133.9, 128.56, 127.61, 66.1, 56.1, 46.0, 38.5, 37.0,
29.7 ppm. ESI-MS: m/z 324.9 [M+H]". HR-MS: m/z calc. for CisH20N204S [M+H]™:

324.1144; found 324.1154. HPL.C (PP gradient, MeOH): 4.62 min.

1-methyl-4-(4-((4-phenylpiperidin-1-yl)sulfonyl)phenyl)pyrrolidin-2-one (7d) — Acquired 73.8
mg (63%) as a white solid from 51.0 mg of 5 using 4-phenylpiperidine as the amine (Mobile
phase: EtOAc). 'H NMR (400 MHz, CDCl3) & 7.76 (d, J = 8.4 Hz, 2H), 7.40 (d, J = 8.2 Hz,
2H), 7.33 - 7.25 (m, 2H), 7.23 — 7.17 (m, 1H), 7.17 — 7.11 (m, 2H), 3.93 (d, J = 11.6 Hz, 2H),
3.81(dd, J = 9.7, 8.3 Hz, 1H), 3.73—3.60 (m, 1H), 3.43 (dd, J = 9.7, 6.5 Hz, 1H), 2.93 (s, 3H),
2.87 (dd, J = 16.9, 9.2 Hz, 1H), 2.54 (dd, J = 16.9, 7.7 Hz, 1H), 2.49 — 2.32 (m, 3H), 1.93 —
1.76 (m, 4H) ppm. 13C NMR (101 MHz, CDCls) § 173.2, 147.8, 144.8, 135.2, 128.63, 128.42,
127.46, 126.67,56.1, 46.9, 41.8, 38.6, 37.0, 32.5 (d, J = 2.1 Hz), 29.7 ppm. ESI-MS: m/z 398.9
[M+H]*. HR-MS: m/z calc. for C22H26N203S [M+H]*: 398.1670; found 398.1664. HPL.C (PP

gradient, 1:1 CH3CN:H.0O with 0.1% formic acid): 6.75 min.
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4-(4-((3,4-dihydroquinolin-1(2H)-ylsulfonyl)phenyl)-1-methylpyrrolidin-2-one (7e) -
Acquired 51.1 mg (48%) as a yellow gum from 50.1 mg of 5 using 1,2,3,4-tetrahydroquinoline
as the amine (Mobile phase: EtOAc). *H NMR (400 MHz, CDCls) § 7.77 (dd, J = 8.3, 0.8 Hz,
1H), 7.57 (d, J = 8.5 Hz, 2H), 7.26 — 7.22 (m, 2H), 7.22 — 7.16 (m, 1H), 7.08 (td, J = 7.4, 1.2
Hz, 1H), 7.04 — 6.99 (m, 1H), 3.83 — 3.79 (m, 2H), 3.76 (dd, J = 9.8, 8.3 Hz, 1H), 3.64 — 3.55
(m, 1H), 3.39 — 3.32 (m, 1H), 2.90 (s, 3H), 2.83 (dd, J = 16.9, 9.3 Hz, 1H), 2.52 — 2.42 (m,
3H), 1.68 — 1.64 (m, 2H) ppm. 3C NMR (101 MHz, CDCls) § 173.3, 148.0, 138.7, 136.8,
130.7, 129.3, 127.81, 127.41, 126.66, 125.16, 124.79, 56.2, 46.7, 38.6, 36.9, 29.7, 26.7, 21.8
ppm. ESI-MS: m/z 370.8 [M+H]". HR-MS: m/z calc. for C15H22N203S [M+H]*: 370.1351;

found 370.1357. HPL.C (PP gradient, MeOH): 6.26 min.

N-benzyl-4-(1-methyl-5-oxopyrrolidin-3-yl)benzenesulfonamide (7f) — Acquired 68.9 mg
(69%) as a white solid from 51.0 mg of 5 using benzylamine as the amine (Mobile phase: 2%
MeOH in CH,Cl,). *H NMR (400 MHz, CDCl3) 5 7.80 (d, J = 8.4 Hz, 2H), 7.31 (d, J = 8.3
Hz, 2H), 7.27 — 7.12 (m, 5H), 5.38 (br t, J = 5.5 Hz, 1H), 4.12 (d, J = 5.4 Hz, 2H), 3.77 (dd, J
=9.7, 8.3 Hz, 1H), 3.61 (dt, J = 15.9, 8.1 Hz, 1H), 3.38 (dd, J = 9.8, 6.5 Hz, 1H), 2.95 - 2.78
(m, 4H), 2.48 (dd, J = 16.9, 7.7 Hz, 1H) ppm. 3C NMR (101 MHz, CDCls) § 173.5, 147.8,
139.0, 136.4, 128.71, 127.97, 127.93, 127.87, 127.56, 56.2, 47.3, 38.6, 37.0, 29.8 ppm. ESI-
MS: m/z 344.9 [M+H]". HR-MS: m/z calc. for CigH20N20sS [M+H]*: 344.1195; found

344.1198. HPLC (PP gradient, MeOH): 5.22 min.

N-ethyl-4-(1-methyl-5-oxopyrrolidin-3-yl)benzenesulfonamide (7g) — Acquired 46.4 mg (58%)
as a white solid from 50.3 mg of 5 using ethylamine as the amine (Mobile phase: 2% MeOH
in CH2Cl,). *H NMR (400 MHz, CDCls) 6 7.82 (d, J = 8.4 Hz, 2H), 7.35 (d, J = 8.3 Hz, 2H),
5.01 (t, J = 6.0 Hz, 1H), 3.78 (dd, J = 9.7, 8.3 Hz, 1H), 3.64 (dt, J = 16.1, 8.2 Hz, 1H), 3.40

(dd, J = 9.8, 6.5 Hz, 1H), 2.98 (qd, J = 7.2, 6.1 Hz, 2H), 2.91 (s, 3H), 2.85 (dd, J = 17.0, 8.7
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Hz, 1H), 2.52 (dd, J = 16.8, 7.7 Hz, 1H), 1.09 (t, J = 7.2 Hz, 3H) ppm. *C NMR (101 MHz,
CDCl3) 6 173.4, 147.7,138.9, 127.74, 127.50, 56.2, 38.6, 38.2, 36.9, 29.7, 15.1 ppm. ESI-MS:
m/z 282.9 [M+H]". HR-MS: m/z calc. for C13H1sN203S [M+H]": 282.1038; found 282.1042.

HPLC (PP gradient, MeOH): 4.17 min.

4-(1-methyl-5-oxopyrrolidin-3-yl)-N-propylbenzenesulfonamide (7h) — Acquired 40.5 mg
(59%) as a white solid from 40.3 mg of 5 using n-propylamine as the amine (Mobile phase:
2% MeOH in CH.Cl,). 'H NMR (400 MHz, CDCl3) & 7.83 (d, J = 8.5 Hz, 2H), 7.36 (d, J =
8.2 Hz, 2H), 4.82 (t, J = 6.1 Hz, 1H), 3.79 (dd, J = 9.8, 8.3 Hz, 1H), 3.65 (dt, J = 16.1, 8.2 Hz,
1H), 3.41 (dd, J = 9.8, 6.5 Hz, 1H), 2.95 — 2.82 (m, 6H), 2.52 (dd, J = 16.9, 7.7 Hz, 1H), 1.55
—1.43 (m, 2H), 0.86 (t, J = 7.4 Hz, 3H) ppm. 3C NMR (101 MHz, CDCls) § 173.3, 147.7,
139.0, 127.72, 127.49, 56.2, 45.0, 38.6, 36.9, 29.7, 23.0, 11.1 ppm. ESI-MS: m/z 297.2
[M+H]*. HR-MS: m/z calc. for C14H20N203S [M+H]*: 296.1195; found 296.1198. HPLC (PP

gradient, MeOH): 4.64 min.

N-isopropyl-4-(1-methyl-5-oxopyrrolidin-3-yl)benzenesulfonamide (7i) — Acquired 46.6 mg
(68%) as a white solid from 40.5 mg of 5 using 2-propylamine as the amine (Mobile phase:
2% MeOH in CH.Cl,). *H NMR (400 MHz, CDCl3) § 7.84 (d, J = 8.5 Hz, 2H), 7.35 (d, J =
8.2 Hz, 2H), 4.62 (d, J = 7.5 Hz, 1H), 3.79 (dd, J = 9.7, 8.3 Hz, 1H), 3.65 (dt, J = 16.7, 8.2 Hz,
1H), 3.52 — 3.37 (m, 2H), 2.92 (s, 3H), 2.86 (dd, J = 17.0, 9.2 Hz, 1H), 2.53 (dd, J = 16.9, 7.8
Hz, 1H), 1.08 (d, J = 6.5 Hz, 6H) ppm. 13C NMR (101 MHz, CDCl3) & 173.3, 147.6, 140.1,
127.66, 127.44, 56.2, 46.2, 38.5, 36.9, 29.7, 23.8 ppm. ESI-MS: m/z 297.2 [M+H]*. HR-MS:
m/z calc. for C1aH20N203S [M+H]*: 296.1195; found 296.1198. HPL.C (PP gradient, MeOH):

4.54 min.

8-((4-(1-methyl-5-oxopyrrolidin-3-yl)phenyl)sulfonyl)-8-azabicyclo[3.2.1]octan-3-one (7)) —

Acquired 28.2 mg (34%) as a white solid from 40.5 mg of 5 using 8-azabicyclo[3.2.1]octan-3-
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one as the amine (Mobile phase: 2% MeOH in CH,Cl,). *H NMR (400 MHz, CDCl3) & 7.87
(d, J = 8.5 Hz, 2H), 7.37 (d, J = 8.3 Hz, 2H), 4.53 — 4.44 (m, 2H), 3.79 (dd, J = 9.7, 8.3 Hz,
1H), 3.65 (dt, J = 15.9, 8.1 Hz, 1H), 3.39 (dd, J = 9.8, 6.5 Hz, 1H), 2.91 (s, 3H), 2.86 (dd, J =
16.9, 9.2 Hz, 1H), 2.78 (dd, J = 16.0, 4.4 Hz, 2H), 2.50 (dd, J = 16.8, 7.7 Hz, 1H), 2.36 (dd, J
=16.4, 1.3 Hz, 2H), 1.75 (dd, J = 9.2, 4.4 Hz, 2H), 1.64 — 1.57 (m, 2H) ppm. 3C NMR (101
MHz, CDClz) 6 206.7, 173.1, 148.5, 138.7, 127.98, 127.67, 56.12, 56.04, 50.1, 38.5, 36.9,
29.67, 29.42 ppm. ESI-MS: m/z 362.9 [M+H]". HR-MS: m/z calc. for C1gH22N204S [M+H]":

362.1300; found 362.1306. HPL.C (PP gradient, MeOH): 4.55 min.

(3R)-1-((4-(1-methyl-5-oxopyrrolidin-3-yl)phenyl)sulfonyl)piperidine-3-carboxylic acid (7k) —
Acquired 21.4 mg (25%) as a white solid from 40.5 mg of 5 using (R)-nipecotic acid as the
amine (Reverse-phase HPLC). *H NMR (400 MHz, DMSO) & 7.70 (d, J = 8.4 Hz, 2H), 7.57
(d, J = 8.4 Hz, 2H), 3.78 — 3.65 (m, 2H), 3.52 (d, J = 7.0 Hz, 1H), 3.37 (ddd, J = 8.8, 6.5, 2.3
Hz, 2H), 2.77 (s, 3H), 2.69 (dd, J = 16.5, 8.6 Hz, 1H), 2.54 — 2.49 (m, 2H), 2.44 — 2.35 (m,
2H), 1.83 — 1.75 (m, 1H), 1.75 — 1.64 (m, 1H), 1.56 — 1.42 (m, 1H), 1.42 — 1.27 (m, 1H) ppm.
13C NMR (101 MHz, DMSO) 6 173.8, 172.5, 148.5 (d, J = 3.7 Hz), 133.8, 128.10, 127.83,
55.0 (d,J=2.0 Hz), 47.5, 46.0, 40.1, 38.0 (d, J = 3.8 Hz), 36.5 (d, J = 1.8 Hz), 29.1, 25.6, 23.4
ppm. ESI-MS: m/z 366.8 [M+H]". HR-MS: m/z calc. for C17H22N20sS [M+H]": 366.1249;

found 366.1250. HPL.C (PP gradient, 1:1 CH3CN:H20): 4.63 min.
4Compound was extracted from 5% HCI (pH 0).

(35)-1-((4-(1-methyl-5-oxopyrrolidin-3-yl)phenyl)sulfonyl)piperidine-3-carboxylic acid (71) —
Acquired 17.8 mg (21%) as a white solid from 40.8 mg of 5 using (S)-nipecotic acid as the
amine (Reverse-phase HPLC). *H NMR (400 MHz, DMSO) 6 7.70 (d, J = 8.4 Hz, 2H), 7.58
(d, J = 8.4 Hz, 2H), 3.80 — 3.65 (m, 2H), 3.53 (d, J = 7.0 Hz, 1H), 3.40 — 3.35 (m, 2H), 2.78 (s,

3H), 2.70 (dd, J = 16.5, 8.6 Hz, 1H), 2.55 — 2.50 (m, 2H), 2.46 — 2.36 (M, 2H), 1.85 — 1.76 (m,
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1H), 1.71 (dd, J = 9.0, 4.4 Hz, 1H), 1.57 — 1.43 (m, 1H), 1.43 — 1.29 (m, 1H) ppm. 3C NMR
(101 MHz, DMSO) 6 173.8, 172.4, 1485 (d, J = 3.7 Hz), 133.7, 128.08, 127.81, 55.0 (d, J =
2.1 Hz), 47.5, 46.0, 40.1, 38.0 (d, J = 3.9 Hz), 36.5 (d, J = 1.9 Hz), 29.1, 25.6, 23.4 ppm. ESI-
MS: m/z 366.9 [M+H]". HR-MS: m/z calc. for C17H22N20sS [M+H]*: 366.1249; found

366.1250. HPL.C (PP gradient, 1:1 CH3CN:H.0): 4.63 min.
4Compound was extracted from 5% HCI (pH 0).

N-(3-(1H-imidazol-1-yl)propyl)-4-(1-methyl-5-oxopyrrolidin-3-yl)benzenesulfonamide (7m) —
Acquired 13.2 mg (21%) as a white solid from 30.9 mg of 5 using 3-(1H-imidazol-1-yl)propan-
1-amine as the amine (Reverse-phase HPLC). 'H NMR (400 MHz, MeOD) & 8.84 (s, 1H),
7.80 (d, J = 8.5 Hz, 2H), 7.61 (s, 1H), 7.54 (s, 1H), 7.50 (d, J = 8.3 Hz, 2H), 4.36 (t, J = 6.8
Hz, 2H), 3.86 (dd, J = 9.8, 8.3 Hz, 1H), 3.75 (dt, J = 16.2, 8.2 Hz, 1H), 3.49 (dd, J = 9.8, 6.6
Hz, 1H), 2.90 (s, 3H), 2.89 — 2.80 (m, 3H), 2.51 (dd, J = 16.8, 7.9 Hz, 1H), 2.11 — 2.02 (m, 2H)
ppm. 13C NMR (101 MHz, MeOD) § 174.6, 148.0, 138.6, 135.5, 127.51, 127.17, 121.7, 120.5,
55.9, 46.0, 39.1, 38.3, 36.8, 29.6, 28.4 ppm. ESI-MS: m/z 362.9 [M+H]*. HR-MS: m/z calc.
for C17H22N403S [M+H]": 362.1413; found 362.1425. HPL.C (PP gradient, 1:1 CH3CN:H20):

3.49 min.

N-(adamantan-1-yl)-4-(1-methyl-5-oxopyrrolidin-3-yl)benzenesulfonamide (7n) — Acquired
26.4 mg (38%) as a white solid from 31.4 mg of 5 using adamantan-1-amine as the amine
(Mobile phase: 1% MeOH in CH2Cl). *H NMR (400 MHz, CDCl3) 6 7.86 (d, J = 8.5 Hz, 2H),
7.32(d, J = 8.3 Hz, 2H), 4.82 (s, 1H), 3.79 (dd, J = 9.7, 8.3 Hz, 1H), 3.70 — 3.59 (m, 1H), 3.41
(dd, J = 9.7, 6.6 Hz, 1H), 2.91 (s, 3H), 2.86 (dd, J = 17.1, 9.3 Hz, 1H), 2.54 (dd, J = 16.8, 7.8
Hz, 1H), 2.00 (br s, 3H), 1.78 (br d, J = 2.8 Hz, 6H), 1.57 (br q, J = 12.4 Hz, 6H) ppm. 3C

NMR (101 MHz, CDCls) & 173.5, 147.2, 143.0, 127.60, 127.34, 56.3, 43.2, 38.6, 37.0, 35.9,

141



29.78, 29.57 ppm. ESI-MS: m/z 389.0 [M+H]". HR-MS: m/z calc. for C21H2sN203S [M+H]™:

388.1821; found 388.1828. HPL.C (PP gradient, MeOH): 6.34 min.

Bromination (NaBr) — 1-methyl-4-phenylpyrrolidin-2-one 5 (560 mg, 3.23 mmol) was weighed
into a 25 mL round-bottom flask with a stir-bar. NaBr (864 mg, 8.40 mmol) and H2SO4 (824
mg, 8.40 mmol) were added and the mixture was heated to 80 °C. It was then stirred for 2 hours
or until the dark brown colour disappeared from the walls of the flask. The mixture was cooled
to room temperature before being diluted in water (40 mL) and washed with EtOAc (3 x 40
mL). The combined organic layers were dried, filtered and concentrated under reduced pressure
to obtain a brown oil. The crude material was checked in analytical HPLC for completion, and
was repeated until the starting material was completely consumed. The oil was then purified
using column chromatography (Mobile phase: 20% petroleum benzine in EtOACc) to afford

bromides 8 and 9.

4-(2-bromophenyl)-1-methylpyrrolidin-2-one (8) — Acquire 112 mg (14%) as a yellow oil. *H
NMR (400 MHz, CDCl3) § 7.57 (dd, J = 8.0, 1.2 Hz, 1H), 7.34 — 7.28 (m, 1H), 7.27 - 7.24 (m,
1H), 7.12 (ddd, J = 8.0, 7.2, 1.9 Hz, 1H), 4.07 — 3.96 (m, 1H), 3.82 (dd, J = 9.9, 8.2 Hz, 1H),
3.33(dd, J = 9.9, 5.5 Hz, 1H), 2.91 — 2.78 (m, 4H), 2.54 (dd, J = 17.0, 6.5 Hz, 1H) ppm. 13C
NMR (101 MHz, CDCls) 6 173.7,141.7, 133.3, 128.66, 128.16, 127.1, 124.5, 55.6, 37.6, 36.1,
29.7 ppm. ESI-MS: m/z 253.9 [("Br)M+H]" and 255.9 [(®!Br)M+H]*. HR-MS: m/z calc. for

C11H12BrNO [M+H]": 253.0102; found 253.0100. HPLC (PP gradient, MeOH): 5.70 min.

4-(4-bromophenyl)-1-methylpyrrolidin-2-one (9) — Acquired 184 mg (23%) as a clear oil. 'H
NMR (400 MHz, CDCl3) § 7.45 (d, J = 8.5 Hz, 2H), 7.09 (d, J = 8.3 Hz, 2H), 3.74 (dd, J =
9.7, 8.3 Hz, 1H), 3.53 (dt, J = 16.6, 8.3 Hz, 1H), 3.35 (dd, J = 9.7, 6.8 Hz, 1H), 2.90 (s, 3H),
2.81 (dd, J = 16.9, 9.1 Hz, 1H), 2.48 (dd, J = 16.9, 8.0 Hz, 1H) ppm. 3C NMR (101 MHz,

CDCls) 6 173.7, 141.7, 132.1, 128.6, 121.0, 56.6, 38.8, 36.8, 29.7 ppm. ESI-MS: m/z 253.9
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[(®Br)M+H]" and 255.9 [(®'Br)M+H]*. HR-MS: m/z calc. for Ci1iH12BrNO [M+H]":

253.0102; found 253.0099. HPL.C (PP gradient, MeOH): 5.90 min.

Bromination (NBS) — N,N-diethyl-4-(1-methyl-5-oxopyrrolidin-3-yl)benzenesulfonamide 9a
(630 mg, 2.03 mmol) was weighed in a round-bottom flask, to which N-bromosuccinimide
(434 mg, 2.44 mmol) was added, as well as a magnetic stir-bar. Concentrated sulfuric acid (4
mL) was then added, the mixture was heated to 60 °C and the contents were left to stir
overnight. After this time, the mixture was quenched with water (50 mL) and washed with
EtOAc (3 x 50 mL). The organic layers were combined, dried with MgSQg, filtered and
concentrated under reduced pressure to give 12 as an oil. This was then purified with column

chromatography (Mobile phase: neat EtOAC) to give the bromide 12.

3-bromo-N,N-diethyl-4-(1-methyl-5-oxopyrrolidin-3-yl)benzenesulfonamide (12) — Acquired
550 mg (69%) as a purple oil. 'H NMR (400 MHz, CDCls)  8.01 (d, J = 1.9 Hz, 1H), 7.72
(dd, J = 8.2, 1.9 Hz, 1H), 7.36 (d, J = 8.2 Hz, 1H), 4.06 (tt, J = 8.7, 5.7 Hz, 1H), 3.86 (dd, J =
10.2, 8.2 Hz, 1H), 3.34 (dd, J = 10.2, 5.2 Hz, 1H), 3.24 (q, J = 7.2 Hz, 4H), 2.95 — 2.85 (m,
4H), 2.54 (dd, J =17.3, 5.9 Hz, 1H), 1.15 (t, J = 7.1 Hz, 6H) ppm. 13C NMR (101 MHz, CDCls)
0 173.5, 146.1, 140.9, 131.7, 127.7, 126.6, 124.9, 55.3, 42.4, 37.4, 36.2, 29.9, 14.40 ppm. ESI-
MS: m/z 388.7 [("Br)M+H]* and 390.8 [(¢'Br)M+H]". HR-MS: m/z calc. for C15H21BrN,OsS

[M+H]*: 388.0456; found 388.0459. HPL.C (PP gradient, 1:1 CH3CN:H20): 5.85 min.

Suzuki Coupling — The appropriate bromide was weighed and dissolved in 1,2-
dimethoxyethane (5 mL). Upon addition of each reagent, N2> was bubbled through the mixture
for 5 minutes. The appropriate boronic acid (1.2 mol. eq.) was added, followed by 2 M Na,COs
(5 mL) and then Pd(PPhs)s (3 mol%). After addition of Pd(PPhz)s, the mixture was bubbled
with N2 for 10 minutes before being sealed under a nitrogen atmosphere. The mixture was

heated under reflux and left to stir overnight. After this time, the mixture was quenched with
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saturated aqueous NaCl (25 mL) and washed with EtOAc (3 x 25 mL). The organic layers were
combined, dried with MgSOsa, filtered and concentrated under reduced pressure. The crude

products was then purified accordingly to afford the respective products.

4-([1,1'-biphenyl]-2-yl)-1-methylpyrrolidin-2-one (10) — Acquired 53.7 mg (70%) as a white
solid from 76.5 mg of 8 using phenylboronic acid as the boronic acid (Mobile phase: 40%
petroleum benzine in EtOACc). 'H NMR (400 MHz, CDCls) § 7.47 —7.35 (m, 5H), 7.32 - 7.22
(m, 4H), 3.72 — 3.60 (m, 1H), 3.52 (dd, J = 9.7, 8.5 Hz, 1H), 3.40 (dd, J = 9.7, 6.8 Hz, 1H),
2.86 (s, 3H), 2.68 (dd, J = 16.9, 9.5 Hz, 1H), 2.54 (dd, J = 17.0, 7.9 Hz, 1H) ppm. 23C NMR
(101 MHz, CDCls) 6 173.9, 142.11, 141.29, 140.58, 130.3, 129.22, 128.42, 128.39, 127.34,
126.67, 125.82, 57.3, 39.9, 33.0, 29.7 ppm. ESI-MS: m/z 252.0 [M+H]*. HR-MS: m/z calc.

for C17H17NO [M+H]*: 251.1310; found 251.1309. HPL.C (PP gradient, MeOH): 6.46 min.

4-([1,1'-biphenyl]-4-yl)-1-methylpyrrolidin-2-one (11) — Acquired 44.7 mg (75%) as a white
solid from 60.0 mg of 9 using phenylboronic acid as the boronic acid (Mobile phase: 35%
petroleum benzine in EtOAc and reverse-phase HPLC). *H NMR (400 MHz, CDClz) § 7.62 —
7.55 (m, 4H), 7.49 — 7.42 (m, 2H), 7.39 — 7.33 (m, 1H), 7.30 (d, J = 8.2 Hz, 2H), 3.84 (dd, J =
9.8, 8.5 Hz, 1H), 3.74 — 3.63 (m, 1H), 3.52 (dd, J = 9.8, 7.0 Hz, 1H), 3.04 — 2.93 (m, 4H), 2.71
(dd, J = 17.4, 8.1 Hz, 1H) ppm. 2*C NMR (101 MHz, CDCls) & 175.6, 140.89, 140.60, 140.47,
129.0, 127.82, 127.57, 127.26, 127.15, 57.3, 38.7, 37.0, 30.2 ppm. ESI-MS: m/z 252.0.
[M+H]*. HR-MS: m/z calc. for C17H17NO [M+H]*: 251.1310; found 251.1310. HPLC (PP

gradient, 1:1 CH3CN:H20): 6.61 min.

N,N-diethyl-6-(1-methyl-5-oxopyrrolidin-3-yl)-[1,1'-biphenyl]-3-sulfonamide (15a) —
Acquired 10.6 mg (27%) as a clear oil from 40.0 mg of 12 using phenylboronic acid as the
boronic acid (Mobile phase: 3% EtOH in Et,0 and reverse-phase HPLC). *H NMR (400 MHz,

CDCls) 5 7.81 (dd, J = 8.3, 2.1 Hz, 1H), 7.69 (d, J = 2.0 Hz, 1H), 7.51 — 7.40 (m, 4H), 7.22

144




(dd, J = 7.7, 1.7 Hz, 2H), 3.80 — 3.68 (m, 1H), 3.58 (dd, J = 10.1, 8.6 Hz, 1H), 3.42 (dd, J =
10.1, 6.5 Hz, 1H), 3.26 (g, J = 7.2 Hz, 4H), 2.90 (s, 3H), 2.79 (dd, J = 17.3, 9.5 Hz, 1H), 2.61
(dd, J=17.3, 7.5 Hz, 1H), 1.16 (t, J = 7.1 Hz, 6H) ppm. 3C NMR (101 MHz, CDCl3) § 174.5,
144.8, 143.1, 139.50, 139.08, 129.07, 128.85, 128.83, 128.25, 126.91, 126.70, 57.3, 42.4, 39.5,
33.1, 30.0, 14.5 ppm. ESI-MS: m/z 386.8 [M+H]*. HR-MS: m/z calc. for C21H26N203S

[M+H]*: 386.1664; found 386.1662. HPL.C (PP gradient, 1:1 CH3CN:H20): 6.33 min.

4'-(dimethylamino)-N,N-diethyl-6-(1-methyl-5-oxopyrrolidin-3-yl)-[1,1'-biphenyl]-3-

sulfonamide (15b) — Acquired 13.1 mg (30%) as a clear oil from 39.6 mg of 12 using (4-
(dimethylamino)phenyl)boronic acid as the boronic acid (Mobile phase: 4% EtOH in Et2O and
reverse-phase HPLC). 'H NMR (400 MHz, CDCls) 6 7.81 (dd, J = 8.3, 2.0 Hz, 1H), 7.65 (d, J
= 2.0 Hz, 1H), 7.50 (d, J = 8.3 Hz, 1H), 7.37 (d, J = 8.8 Hz, 2H), 7.29 (d, J = 8.8 Hz, 2H), 3.74
—3.64 (m, 1H), 3.60 (t, J = 9.2 Hz, 1H), 3.44 (dd, J = 9.9, 6.3 Hz, 1H), 3.25 (¢, J = 7.1 Hz,
4H), 3.18 (s, 6H), 2.90 (s, 3H), 2.77 (dd, J = 17.2, 9.4 Hz, 1H), 2.58 (dd, J = 17.2, 7.5 Hz, 1H),
1.16 (t, J = 7.1 Hz, 6H) ppm. 3C NMR (101 MHz, CDCls) 5 174.2, 145.65, 144.90, 141.7,
139.3, 136.5, 130.8, 128.8, 127.17, 126.97, 118.3, 57.2, 44.5, 42.4, 39.6, 33.1, 30.0, 14.5 ppm.
ESI-MS: m/z 429.9 [M+H]". HR-MS: m/z calc. for C23H31N303S [M+H]*: 429.2086; found

429.2087. HPLC (PP gradient, 1:1 CH3CN:H20): 4.94 min.

N,N-diethyl-3',4'-dimethoxy-6-(1-methyl-5-oxopyrrolidin-3-yl)-[1,1'-biphenyl]-3-sulfonamide
(15¢) — Acquired 22.6 mg (50%) as a clear oil from 39.7 mg of 12 using (3,4-
dimethoxyphenyl)boronic acid as the boronic acid (Mobile phase: 5% EtOH in Et2O and
reverse-phase HPLC). *H NMR (400 MHz, CDCls) 6 7.78 (dd, J = 8.3, 2.1 Hz, 1H), 7.69 (d, J
= 2.0 Hz, 1H), 7.46 (d, J = 8.3 Hz, 1H), 6.94 (d, J = 8.2 Hz, 1H), 6.76 (dd, J = 8.1, 2.0 Hz, 1H),
6.72 (d, J = 2.0 Hz, 1H), 3.93 (s, 3H), 3.89 (s, 3H), 3.81 — 3.72 (m, 1H), 3.57 (dd, J = 10.0, 8.6

Hz, 1H), 3.40 (dd, J = 10.0, 6.4 Hz, 1H), 3.25 (q, J = 7.1 Hz, 4H), 2.89 (s, 3H), 2.77 (dd, J =
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17.2,9.6 Hz, 1H), 2.57 (dd, J = 17.2, 7.5 Hz, 1H), 1.16 (t, J = 7.1 Hz, 6H) ppm. 3C NMR (101
MHz, CDCls) § 174.0, 149.09, 149.06, 145.3, 142.8, 138.9, 132.1, 128.8, 126.68, 126.62,
1215, 112.33, 111.32, 57.17, 56.18, 56.14, 42.4, 39.6, 33.1, 30.0, 14.5 ppm. ESI-MS: m/z
446.8 [M+H]*. HR-MS: m/z calc. for CasHsoN20sS [M+H]*: 446.1875; found 446.1880.

HPLC (PP gradient, 1:1 CH3CN:H20): 5.98 min.

3-(benzo[b]thiophen-3-yl)-N,N-diethyl-4-(1-methyl-5-oxopyrrolidin-3-yl)benzenesulfonamide
(15d) — Acquired 24.0 mg (54%) as a clear oil from 39.3 mg of 12 using benzo[b]thiophen-3-
ylboronic acid as the boronic acid (Mobile phase: 3% EtOH in Et,O and reverse-phase HPLC).
'H NMR (400 MHz, CDCls) (mixture of atropisomers) & 7.95 (d, J = 8.0 Hz, 1H), 7.89 (dd, J
=8.3,2.1 Hz, 1H), 7.75 (d, J = 2.0 Hz, 1H), 7.56 (d, J = 8.3 Hz, 1H), 7.46 — 7.39 (m, 1H), 7.39
—7.32(m, 2H), 7.30 — 7.24 (m, 1H), 3.65 — 3.30 (m, 3H), 3.27 (q, J = 7.2 Hz, 4H), 2.83 (br d,
J = 8.7 Hz, 3H), 2.77 — 2.44 (m, 2H), 1.15 (t, J = 7.1 Hz, 6H) ppm. 3C NMR (101 MHz,
CDCI3) (mixture of atropisomers) & 129.6, 127.64, 126.85, 125.1 (d, J = 17.4 Hz), 123.20,
122.24,57.0 (d, J = 67.2 Hz), 42.3, 39.84, 38.75, 33.3 (d, J = 19.8 Hz), 29.9, 14.4 ppm. ESI-
MS: m/z 442.8 [M+H]". HR-MS: m/z calc. for Ca3H26N203S,; [M+H]": 442.1385; found

442.1391. HPLC (PP gradient, 1:1 CH3CN:H20): 6.79 min.

Heck Coupling and Alkene Reduction — The appropriate bromide was weighed and dissolved
in distilled DMF (1 mL). Upon addition of each reagent, N2> was bubbled through the mixture
for 5 minutes. The appropriate alkene (1.6 mol. eg.) was added, followed by DIPEA (300 uL),
P(o-tol)s (10 mol%) and Pd(OAc). (10 mol%). After addition of Pd(OAc)2, N2 was bubbled
through the mixture for 5 minutes before being sealed, and then vacuumed and backfilled with
N2 three times. The mixture was heated to 90 °C and left to stir overnight. After this time, the
mixture was quenched with saturated aqueous NaCl (25 mL) and washed with EtOAc (3 x 25

mL). The organic layers were combined, dried with MgSOyg, filtered and concentrated under
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reduced pressure to afford the crude alkenes. These were then purified with column
chromatography to afford the respective alkenes (15) as intermediates. A three-neck 25 mL
round-bottom flask with a stir-bar was purged with N2, to which palladium on carbon (10%
w/w) was added, and submerged in a minimum amount of dichloromethane. The appropriate
alkene was dissolved in ethyl acetate and pipetted into the flask while keeping it under N2. The
flask was purged three more times with N2, and then purged with H> three times, to which the
contents were left to stir at room temperature. The progress of the reaction was monitored by
NMR. After completion, the flask was purged with N> three times and the contents filtered
carefully through a glass microfiber filter paper under very gentle vacuum. The filtered
palladium catalyst was washed with dichloromethane then quenched separately with H>O while
the filtrate was concentrated under reduced pressure to give each reduced product, which were

then purified with reverse-phase HPLC.

N,N-diethyl-4-(1-methyl-5-oxopyrrolidin-3-yl)-3-phenethylbenzenesulfonamide ~ (14a) -
Acquired 27.7 mg (43%) as a clear oil from 59.7 mg of 12 using styrene as the alkene. *H
NMR (400 MHz, CDCl3) § 7.63 (dd, J = 8.2, 2.0 Hz, 1H), 7.59 (d, J = 2.0 Hz, 1H), 7.30 (d, J
= 8.2 Hz, 1H), 7.28 — 7.23 (m, 2H), 7.22 — 7.17 (m, 1H), 7.08 — 7.02 (m, 2H), 3.76 — 3.66 (m,
1H), 3.54 (dd, J = 10.2, 8.5 Hz, 1H), 3.26 (dd, J = 10.2, 6.0 Hz, 1H), 3.16 (q, J = 7.1 Hz, 4H),
3.05 — 2.99 (m, 2H), 2.97 — 2.85 (m, 5H), 2.75 (dd, J = 17.3, 9.4 Hz, 1H), 2.45 (dd, J = 17.4,
7.0 Hz, 1H), 1.12 (t, J = 7.1 Hz, 6H) ppm. 3C NMR (101 MHz, CDCl3) 5 174.5, 145.5, 140.31,
140.27, 139.0, 128.72, 128.65, 128.58, 126.56, 126.44, 125.76, 56.9, 42.3, 39.0, 37.7, 34.7,
32.1, 30.0, 14.4 ppm. ESI-MS: m/z 414.9 [M+H]*. HR-MS: m/z calc. for C23H3oN203S

[M+H]": 414.1977; found 414.1981. HPLC (PP gradient, 1:1 CH3CN:H20): 6.62 min.

N,N-diethyl-4-(1-methyl-5-oxopyrrolidin-3-yl)-3-(3-phenylpropyl)benzenesulfonamide  (14b)

— Acquired 27.3 mg (41%) as a clear oil from 59.9 mg of 12 using allylbenzene as the alkene.
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IH NMR (400 MHz, CDCl3) § 7.64 — 7.60 (m, 2H), 7.34 — 7.28 (m, 3H), 7.24 — 7.20 (m, 1H),
7.20 — 7.16 (m, 2H), 3.69 — 3.59 (m, 2H), 3.36 — 3.31 (m, 1H), 3.22 (q, J = 7.2 Hz, 4H), 2.92
(s, 3H), 2.84 — 2.76 (m, 1H), 2.73 — 2.65 (m, 4H), 2.49 (dd, J = 17.0, 6.4 Hz, 1H), 1.93 — 1.84
(m, 2H), 1.13 (t, J = 7.1 Hz, 6H) ppm. 13C NMR (101 MHz, CDCls) & 174.2, 145.2, 141.44,
141.26, 139.1, 128.65, 128.55, 128.30, 126.49, 126.33, 125.60, 56.8, 42.2, 39.0, 35.7, 33.14,
32.43, 31.98, 30.0, 14.37 ppm. ESI-MS: m/z 428.9 [M+H]*. HR-MS: m/z calc. for
C24H32N203S [M+H]": 428.2134; found 428.2140. HPLC (PP gradient, 1:1 CH3sCN:H,0):

6.92 min.

Diastereomer Resolution — A 100 mL oven-dried round-bottom flask with a magnetic stir-bar
was purged with N». Diisopropylamine (138 mg, 193 pL, 1.37 mmol) was added via syringe
and dissolved in distilled THF (5 mL). The contents were stirred, then placed on a dry ice-bath.
While kept at —78 °C, n-butyllithium (850 uL, 1.37 mmol, 1.6 M in hexane) was then added
via syringe and the contents were stirred for 20 minutes. A solution of 4-phenylpyrrolidin-2-
one 4 (200 mg, 1.24 mmol) dissolved in distilled THF (10 mL) was added to the mixture via
syringe and left to stir for 45 minutes. After this time, (S)-Naproxen chloride 16 (617 mg, 2.48
mmol) was dissolved in distilled THF (10 mL) and added via syringe. The contents were lifted
off the dry ice-bath and allowed to stir at room temperature for 2.5 hours. Saturated aqueous
NaHCOs (30 mL) was used to quench the mixture, which was then washed with
dichloromethane (3 x 30 mL). The organic layers were combined, dried with MgSQOa, filtered
and concentrated under reduced pressure to afford the crude diastereomers as a solid. The
diastereomers were separated using column chromatography (Mobile phase: 10% EtOAc in
petroleum benzine, TLCs were checked in 20% EtOAc in petroleum benzine) to afford both

(R,S)-17 and (S,S)-17.
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(R)-1-((S)-2-(6-methoxynaphthalen-2-yl)propanoyl)-4-phenylpyrrolidin-2-one ((R,S)-17)* —
Acquired 136 mg (29%) as a clear oil. 'H NMR (400 MHz, CDCl3) § 7.73 — 7.70 (m, 3H), 7.49
(dd, J = 8.5, 1.8 Hz, 1H), 7.38 — 7.32 (m, 2H), 7.31 — 7.27 (m, 1H), 7.23 — 7.17 (m, 2H), 7.15
—7.11 (m, 2H), 5.24 (g, J = 7.0 Hz, 1H), 4.20 (dd, J = 11.7, 8.2 Hz, 1H), 3.80 (dd, J = 11.7,
8.9 Hz, 1H), 3.45—3.35 (m, 1H), 2.81 (qd, J = 17.4, 9.3 Hz, 2H), 1.56 (d, J = 7.0 Hz, 3H) ppm.

HPLC (PP gradient, MeOH): 7.74 min.

(S)-1-((S)-2-(6-methoxynaphthalen-2-yl)propanoyl)-4-phenylpyrrolidin-2-one ((S,S)-17)* —
Acquired 136 mg (29%) as a clear oil. *H NMR (400 MHz, CDCl3) 8 7.74 — 7.68 (m, 3H), 7.48
(dd, J = 8.6, 1.7 Hz, 1H), 7.20 — 7.12 (m, 4H), 7.12 — 7.06 (m, 2H), 6.98 — 6.92 (m, 2H), 5.24
(g, J = 7.0 Hz, 1H), 4.33 (dd, J = 11.7, 7.9 Hz, 1H), 3.93 (s, 3H), 3.70 (dd, J = 11.7, 6.8 Hz,
1H), 3.56 — 3.43 (m, 1H), 2.94 (dd, J = 17.5, 8.4 Hz, 1H), 2.60 (dd, J = 17.5, 8.0 Hz, 1H), 1.58

(d, J=7.0 Hz, 3H) ppm. HPLC (PP gradient, MeOH): 7.64 min.

Chiral Auxiliary Uncoupling — The appropriate imide 17 was weighed in a round-bottom flask,
to which a magnetic stir-bar was added. The compound was dissolved in THF and then 1 M
KOH was added. The mixture was left to stir overnight. After this time, the organic solvent
was evaporated off under reduced pressure, then washed with CH2Cl> (3 x 20 mL). The organic
layers were combined, dried with MgSOs, filtered and concentrated under reduced pressure to
afford the crude lactams. These were purified with column chromatography (Mobile phase:

neat EtOAc) to afford each lactam.

(R)-4-phenylpyrrolidin-2-one ((R)-4) — Acquired 47.1 mg (84%) as a white solid from 134 mg
of (R,S)-17. [a]p?® - 39.4 (¢ 0.9, CHCI3). 'H NMR (400 MHz, CDCls) & 7.39 — 7.30 (m, 2H),
7.30—7.19 (m, 3H), 7.07 (br s, 1H), 3.83 — 3.74 (m, 1H), 3.68 (dt, J = 16.9, 8.6 Hz, 1H), 3.42

(dd, J=9.4, 7.2 Hz, 1H), 2.73 (dd, J = 16.9, 8.9 Hz, 1H), 2.51 (dd, J = 16.9, 8.8 Hz, 1H) ppm.
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13C NMR (101 MHz, CDCl3) 5 178.1, 142.3, 128.9, 127.17, 126.86, 49.7, 40.4, 38.2 ppm. ESI-

MS: m/z 162.0 [M+H]".

(S)-4-phenylpyrrolidin-2-one ((S)-4) — Acquired 28.4 mg (80%) as a white solid from 81.8 mg
of (S,5)-7. [a]p?* + 44.8 (c 1, CHCI3). *H NMR (400 MHz, CDClIs) & 7.39 — 7.30 (m, 2H), 7.30
—7.21 (m, 3H), 7.08 (br s, 1H), 3.80 (dd, J = 13.2, 4.6 Hz, 1H), 3.69 (dt, J = 16.9, 8.6 Hz, 1H),
3.43 (dd, J=9.4, 7.3 Hz, 1H), 2.75 (dd, J = 17.0, 8.9 Hz, 1H), 2.53 (dd, J = 17.0, 8.8 Hz, 1H)
ppm. 13C NMR (101 MHz, CDCl3) § 178.5, 142.2, 129.0, 127.24, 126.87, 49.8, 40.3, 38.2 ppm.

ESI-MS: m/z 162.0 [M+H]*.

Formation of (R)-17c and (S)-17c — The phenyl NMP isomers (R)-5 and (S)-5 were weighed
in separate 10 mL round-bottom flasks and dissolved in CH2Cl> (4 mL). Chlorosulfonic acid
(8 mol. eq.) was then slowly pipetted into the mixture at room temperature and left to stir
overnight. After this time, the mixture was quenched with water (10 mL) at 0 °C and washed
with CH2Cl; (3 x 15 mL). The combined organic layers were dried with MgSOQsa, filtered and
concentrated under reduced pressure to acquire each sulfonyl chloride as an oil. These were
then re-taken up in CH2Cl, (10 mL) and diethylamine (10 mol. eg.) was added, followed by
EtsN (3 mol. eq.) The mixture was left to stir overnight, then the excess amine was evaporated
off with rotary evaporation. The residue was quenched in water (10 mL) and washed with
CH2Cl> (3 x 15 mL). The organic layers were combined, dried with MgSQsa, filtered and
concentrated under reduced pressure to afford each sulfonamide. These were then weighed in
separate round-bottom flasks, to which N-bromosuccinimide (1.2 mol. eq.) was added, as well
as a magnetic stir-bar. Concentrated sulfuric acid (3 mL) was then added, the mixtures were
heated to 60 °C and the contents were left to stir overnight. After this time, each mixture was
quenched with water (15 mL) and washed with EtOAc (3 x 15 mL). The organic layers were

combined, dried with MgSOs, filtered and concentrated under reduced pressure to give each
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isomer as an oil. These were then purified with column chromatography (Mobile phase: neat
EtOAc) to give the bromides. Lastly, the bromides were weighed and dissolved in 1,2-
dimethoxyethane (5 mL). Upon addition of each reagent, N2> was bubbled through the mixture
for 5 minutes. 3,4-dimethoxyphenylboronic acid (1.2 mol. eq.) was added, followed by 2 M
Na>COs (5 mL) and then Pd(PPhz)s (3 mol%). After addition of Pd(PPhaz)a, the mixture was
bubbled with N2 for 10 minutes before being sealed under a nitrogen atmosphere. The mixture
was heated under reflux and left to stir overnight. After this time, the mixture was quenched
with saturated aqueous NaCl (15 mL) and washed with EtOAc (3 x 15 mL). The organic layers
were combined, dried with MgSOs, filtered and concentrated under reduced pressure. The
crude products was then purified with column chromatography (Mobile phase: 8% EtOH in

Et,0O) to afford the respective isomers.

(R)-N,N-diethyl-3',4'-dimethoxy-6-(1-methyl-5-oxopyrrolidin-3-yl)-[1,1'-biphenyl]-3-

sulfonamide ((R)-15¢) — Acquired 5.60 mg (10%) as a clear oil from 22.3 mg of (R)-5. 'H
NMR (400 MHz, CDCl3) & 7.78 (dd, J = 8.3, 2.0 Hz, 1H), 7.70 (d, J = 2.0 Hz, 1H), 7.47 (d, J
= 8.3 Hz, 1H), 6.94 (d, J = 8.2 Hz, 1H), 6.77 (dd, J = 8.1, 2.0 Hz, 1H), 6.73 (d, J = 2.0 Hz, 1H),
3.94 (s, 3H), 3.89 (s, 3H), 3.79 — 3.69 (m, 1H), 3.55 (dd, J = 9.9, 8.5 Hz, 1H), 3.38 (dd, J = 9.9,
6.2 Hz, 1H), 3.26 (g, J = 7.1 Hz, 4H), 2.88 (s, 3H), 2.72 (dd, J = 17.1, 9.5 Hz, 1H), 2.51 (dd, J
=16.9, 7.2 Hz, 1H), 1.16 (t, J = 7.1 Hz, 6H) ppm. $3C NMR (101 MHz, CDCls) § 173.3, 149.1,
145.7, 142.8, 140.8, 138.9, 132.2, 128.8, 126.67, 126.64, 121.5, 112.4, 111.3, 56.96, 56.20,
56.17, 42.4, 39.8, 33.0, 29.8, 14.5 ppm. ESI-MS: m/z 447.2 [M+H]*. HR-MS: m/z calc. for
C23H30N20sS [M+H]*: 446.1875; found 446.1883. HPLC (PP gradient, CH3CN): 5.91 min.

Chiral HPLC: 5.88 min.

(S)-N,N-diethyl-3',4'-dimethoxy-6-(1-methyl-5-oxopyrrolidin-3-yl)-[1,1'-biphenyl]-3-

sulfonamide ((S)-15c) — Acquired 2.40 mg (8.4%) as a clear oil from 11.2 mg of (S)-5. *H
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NMR (400 MHz, CDCl3) & 7.78 (dd, J = 8.3, 2.1 Hz, 1H), 7.70 (d, J = 2.0 Hz, 1H), 7.47 (d, J
= 8.3 Hz, 1H), 6.94 (d, J = 8.2 Hz, 1H), 6.77 (dd, J = 8.1, 2.0 Hz, 1H), 6.73 (d, J = 2.0 Hz, 1H),
3.94 (s, 3H), 3.89 (s, 3H), 3.78 — 3.68 (m, 1H), 3.55 (dd, J = 9.9, 8.5 Hz, 1H), 3.38 (dd, J = 9.9,
6.3 Hz, 1H), 3.26 (q, J = 7.1 Hz, 4H), 2.88 (s, 3H), 2.72 (dd, J = 16.9, 9.7 Hz, 1H), 2.51 (dd, J
=17.0,7.4 Hz, 1H), 1.16 (t, = 7.1 Hz, 6H) ppm. 13C NMR (101 MHz, CDCl3) & 128.8, 126.68,
126.65, 121.5, 112.4, 111.3, 56.97, 56.21, 56.17, 42.4, 39.8, 33.1, 29.8, 14.5 ppm. ESI-MS:
m/z 447.2 [M+H]". HR-MS: m/z calc. for C23H30N205S [M+H]": 446.1875; found 446.1886.

HPLC (PP gradient, CH3CN): 5.91 min. Chiral HPLC: 4.75 min.
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Chapter 4 — 5-methyl-3-aryl-1H-pyrazoles as Poised, Ligand
Efficient Fragments for the Development of Novel Bromodomain
Inhibitors

Keywords

BRD4, Bromodomain, Epigenetics, K-ac, Fragment, Poised

Abbreviations

BET, Bromodomain and Extra-terminal Domain; BRD4, Bromodomain-containing Protein 4;
BRD4 BD1, First Bromodomain of BRD4; E3 Ligase, Ubiquitin Ligase; FBDD, Fragment-
Based Drug Design; FRET, Fluorescence Resonance Energy Transfer; HDAC, histone
deacetylase; HTS, high-throughput screening; K-ac, Acetyl-lysine; LE, Ligand Efficiency; NF-
kB, Nuclear Factor Kappa-B; NHA, Non-hydrogen Atom; PI3K, Phosphatidylinositol-4,5-
bisphosphate 3-kinase; p-TEFb, Positive Transcription Elongation Factor b; RMS, Root Mean

Square; WPF, Tryptophan-proline-phenylalanine

Abstract

The development of ligand efficient fragments for bromodomains is an important part of the
continued development of novel inhibitors with therapeutic potential. Here, we examine 5-
methyl-3-aryl-1H-pyrazoles as putative acetyl-lysine mimetics of bromodomain-containing
protein 4, which were pursued using the principle of “poised fragment” design, featuring a
concise synthesis built on readily available precursors. The most potent of these compounds,
5-methoxy-2-(5-methyl-1H-pyrazol-3-yl)phenol (3h), had an ICso of 26.7 uM and a high
ligand efficiency of 0.42 kcal/mol per non-hydrogen atom. The X-ray structure of 3h in
complex with the first bromodomain of bromodomain-containing protein 4 showed it to bind
in a flipped pose to that expected, suggesting that both the methylpyrazole and dimethylphenol

scaffolds might be exploitable in bromodomain inhibitor development.
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4.1 Introduction

Over the past decade, FBDD has gradually become a mainstay approach to the discovery of
new therapeutics.! The general objective of FBDD is to screen for fragments — molecules that
are normally less than 300 Da and fall within certain parameters consistent with drug-likeness.?
While these fragments are expected to bind to targets with relatively low affinity, their ligand
efficiency will be on par or greater than most drug-like molecules, providing a starting point

for the development of new drug leads.

One target class that has been of particular interest in FBDD efforts is the bromodomain. These
protein modules are best known for their ability to recognize or “read” K-ac residues, by which
they are key regulators of the histone code.® Each bromodomain spans between 90-120 amino
acids in length and comprises of a consistent three-dimensional structure: a set of four a-helices
connected by two interhelical loops, with a cavity created by the loops where the K-ac residues
of both histone and non-histone proteins are read. So far, there have been 61 bromodomains in

46 different proteins identified in humans.

Perhaps the most distinguished examples of bromodomain-containing proteins are the BET
proteins. They regulate the transcription of regulators such as NF-xB* and p-TEFb® and their
role in diseases has been well-documented, having been connected to carcinogenic,®® viral,® 1°
inflammatory! 12 and cardiovascular diseases.'® 4 The first potent and selective bromodomain
inhibitors to be published targeted the BET family®® 1® and were used to demonstrate the
outcomes of BET inhibition in preclinical disease models.’!® Since then, the amount of
literature pertaining to bromodomain inhibition has grown exponentially. Currently, over a
dozen BET inhibitors have been registered for clinical trials. Several of these molecules stem
from FBDD programs.?®2 While these have been successful, there is further impetus for

generating highly efficient fragment-based bromodomain inhibitors, for example, in making
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dual-targeting ligands which inhibit other target proteins such as HDACs,?* PI3Ks? and E3

ligases?® as a pathway to potential therapeutic agents.

Recently, Cox et al.?” introduced the concept of “poised fragments” — compounds synthesised
from a robust and general synthetic reaction path such that rapid elaboration of the fragment
hit into a library of analogues can be readily performed using parallel chemistry. Here, we
describe the consideration of this approach in pursuing 5-methyl-3-aryl-1H-pyrazoles;
previously unexamined as K-ac mimetics but bearing an obvious resemblance to other
heterocyclic fragments. We describe the application of a concise synthetic route to create a
series of analogues which show high ligand efficiency as inhibitors against BRD4 BD1,

marking the class as potential fragments in the pursuit of bromodomain inhibitors in general.
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4.2 Results and Discussion

There are numerous heterocycles that have been described with bromodomain inhibitory
activity, but we noted that 3,5-disubstituted pyrazoles could be isosteric to substituted oxazole,
triazole, oxadiazole and isoxazole compounds that have been identified as both fragments and
inhibitors for bromodomains (Figure 1).> 2% 22.28-30 \We hypothesised that by developing a
parallel synthesis of 5-methyl-3-aryl-1H-pyrazoles, we might identify highly ligand efficient

inhibitors of a bromodomain suitable for further elaboration.
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Figure 1. Previously reported heterocyclic bromodomain inhibitors and fragments.
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421 Synthesis

The synthesis of the 5-methyl-3-aryl-1H-pyrazole scaffold has been examined by a number of
groups in recent years.®3* Wen et al.*® described a one-pot condensation reaction of o,f-
unsaturated ketones with p-toluenesulfonyl hydrazide in water that was most attractive. The
ketones themselves could be obtained from readily available aromatic aldehydes providing an

expeditious route to a primary target set. The synthetic route is shown in Scheme 1.

(0] O N—-NH
! (@) S (b) [/
36-99% 1-73%
R R R
1a-1u 2a-2u 3a-3u

Scheme 1. Synthesis of 5-methyl-3-aryl-1H-pyrazoles. (a): Morpholinium trifluoroacetate,

acetone, 1-5d, 75 °C; (b) p-toluenesulfonyl hydrazide, TBAB, NaOH, H-O, o/n, 80 °C.

Mono-, di- and tri-substituted benzaldehydes (1a-1u), which shared a small focus on methoxy-
containing groups, among other different electron-donating and withdrawing groups, were first
converted to o,B-unsaturated ketones through a catalysed aldol condensation reaction using
acetone and morpholinium trifluoroacetate.®® Reactions could be performed in parallel in a
sealed tube at 75 °C. After quenching, the products were extracted with ethyl acetate. These
conditions afforded the desired ketones 2a-2u in yields ranging from moderate to near-

quantitative.

The ketones were then converted to pyrazoles 3a-3u using p-toluenesulfonyl hydrazide under
phase-transfer catalytic conditions at 80 °C overnight,®® with tetrabutylammonium bromide
serving as the catalyst. Again, the product could be retrieved by extraction into ethyl acetate,
and purification was achieved by chromatography to obtain the products in yields ranging from

1-73%.
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There was some functional group influence on these reactions and it was found that certain
phenolic and nitro compounds were not readily accessible by this route. To overcome the
interference of the phenolic groups, benzyl protection was introduced for phenolic
benzaldehydes as outlined in Scheme 2. The benzyl moiety was coupled to selected phenols
using benzyl bromide and potassium carbonate®’ overnight to give the benzyloxy
benzaldehydes (4a-4d) in yields over 90%. These protected derivatives were then subjected to
the same aldol condensation and pyrazole formation conditions described above. Finally, the
benzyl group was deprotected by palladium-catalysed hydrogenolysis® which afforded the

originally intended phenolic pyrazoles in excellent yields.

o) o) o)
’ (a) H (b) N
91-99% 64-87%
R R R
(4-OH) 1¢, 1h (4-OBn) 4a, 4c (4-OBn) 5a, 5¢
(2-OH) 1g, 1p (2-OBn) 4b, 4d (2-OBn) 5b, 5d

(c) | 25-39%

N-NH N-NH
| y (d) [/
72-99%
R R
(4-OH) 3¢, 3h (4-OBn) 6a, 6¢
(2-OH) 3g, 3p (2-OBn) 6b, 6d

Scheme 2. Modified scheme for the synthesis of benzyl-protected pyrazoles. (a) BnBr, K2COs3,
DMF, o/n, rt. (b): Morpholinium trifluoroacetate, acetone, 1-3 d, 75 °C; (c) p-toluenesulfonyl

hydrazide, TBAB, NaOH, H20, o/n, 80 °C. (d): Hz, Pd/C, EtOAc, o/n, rt.
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Even with considering the need to protect/deprotect sensitive groups, this concise pathway to
the parallel synthesis of 5-methyl-3-aryl-1H-pyrazoles facilitates the creation of a fragment

series suited for elaboration in the event of ligand efficient inhibitors being identified.

4.2.2 BRD4 BD1 FRET Assay Results

The substituted 5-methyl-3-aryl-1H-pyrazoles (Figure 2) were assessed for inhibition of
binding to BRD4 BD1 in a FRET-based assay (Results are shown in Figure 3). The assay
method is a competitive binding assay that was developed by Cisbio Assays. It measures the
fluorescence between a Eu®* cryptate donor attached to a GST-tagged bromodomain (BRD4
BD1), and a Streptavidin D2 acceptor attached to a biotinylated tetra-acetylated histone peptide
(H4K5K8K12K16(acs)). The inhibitor competes for binding with the histone peptide to the
bromodomain. When it successfully displaces the peptide, it disrupts the transfer of the Eu®*

cryptate donor and prevents fluorescence from occurring.

The compounds were initially tested for inhibition at 1 mM to determine their effectiveness in
these assays. The activity was measured as the ratio of the signal at 665 nm and 620 nm. Any
interference is accounted for in the 620 nm value. The majority of compounds achieved a ratio
of 0.3 (~70% inhibition) at this concentration, with five compounds (3c, 3h, 3s, 3u, 6c)
obtaining near-complete inhibition (FRET ratio < 0.2). The O-benzylated variants of two of

these compounds (3¢ = 6a, 3h = 6¢) had significantly reduced activity.

The 1Cso values of the five most effective compounds were then determined, as well as the
unsubstituted pyrazole 3a. As shown in Table 1, 3a had an 1Csp of 1248 uM with a respectable
LE of 0.33 kcal/mol per NHA. The most potent compound of this series was the
dimethylphenol derivative 3h at 26.7 uM, which enhanced inhibition by 47-fold compared to

3a with an improved LE of 0.42. While the two phenolic compounds possessed the highest
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affinity, the quinoline derivative 3s also had promising activity (ICso = 67.4 uM, LE = 0.36)

(dose response curves of 3h and 3s are available in Appendix N).
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Figure 2. Synthesised 5-methyl-3-aryl-1H-pyrazoles.
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Pyrazole FRET Assay
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Figure 3. FRET-based assay data of substituted 5-methyl-3-aryl-1H-pyrazoles against BRD4
BD1. Assays carried out by Dr. lan Jennings. Unless stated otherwise, all results of means are

n = 2. Error bars represent the standard deviation.*n=1

Table 1. Inhibitory activity of selected 5-methyl-3-aryl-1H-pyrazoles.

Compound | I1Cso (UM = SD)? | LE (kcal/mol NHA)®
3a 1248 £+ 156 0.33
3c 108 £12 0.39
3h 26.7 £ 6.6 0.42
3s 67409 0.36
3u 452 + 39 0.29
6C 155+ 10 0.24

Assays carried out by Dr. lan Jennings. 2Unless stated otherwise, all results of means are n =

2. PLigand efficiency = 1.37(-log(ICs0)) / NHA. NHA, non-hydrogen atom.
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4.2.3 X-ray Crystallography

We were successful in co-crystallizing 3h with BRD4 BD1 (For videos, refer to Appendix O.
For electron density maps, refer to Appendix P). The many X-ray co-crystal structures that
have been solved are typically characterized by the ligand occupying an K-ac mimetic pose
with canonical hydrogen bonds between the amide of Asnl40 and the water-mediated
hydrogen bond to Tyr97 while the acetyl methyl group projects towards a network of water
molecules lining the pocket. To our surprise, the methyl pyrazole was not bound in the expected
K-ac pose but rather the dimethylphenol moiety acted as the K-ac mimetic. The hydroxyl group

formed the key hydrogen bonds and one of the methyl groups approached the water pocket.

There are two considerations to take with this observation. The first is that this is not the first
instance of a fragment possessing two potential binding modes. In 2011, Hewings et al.*° tested
a fragment possessing a quinazolinone and dimethylisoxazole. Their docking studies theorised
that both components could act as K-ac mimetics and subsequent efforts by other groups have

shown both can capably serve as inhibitors in their own right.20: 40-42

Secondly, while this binding mode was initially a surprise, the dimethylphenol moiety has been
recently exemplified as an K-ac mimetic in the BRD4 inhibitor, FL-411 bound to BRD4 BD1
(PDB: 4ZW1).”® We overlayed FL-411 with 3h and found two similar sets of interactions with
BRD4 BD1 (Figure 4). The first set of interactions involved the dimethylphenol moieties of
both compounds superimposing precisely (RMS = 0.66 A). For the second set, there is some
commonality between the pyrazole of 3h and the pyrimidone of FL-411. The pyrazole interacts
with the backbone of Pro82 and the sidechain of GIn85 through water-mediated hydrogen
bonds. The pyrimidone nitrogen of FL-411 interacts directly with Pro82 while the carbonyl

displaces the water molecule responsible for the aforementioned interactions and forms a direct
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hydrogen bond with GIn85, while creating additional water-mediated hydrogen bonds to the

sidechains of Pro86 and Asp88.
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Figure 4. Comparison of X-ray crystal structures of dimethylphenols bound to BRD4 BDL. [A,
C, E] 3h (slate, resolution: 1.36 A). [B, D, F] FL-411 (yellow, PDB: 4ZW1). [A, B] Chemical
structures. [C, D] Binding site. Pro86, Val87 and Asp88 were hidden for better visualisation.
[E, F] Unique bonds formed by the heterocycles. Water molecules shown as red spheres.
Distances in A, highlighted by red dashes. Crystal structures developed by Dr. lan Jennings

and Dr. Olga llyichova.

4.3 Conclusion and Future Directions

In conclusion, we have applied the use of a poised fragment-based synthetic scheme for the
creation of 5-methyl-3-aryl-1H-pyrazoles. This strategy has provided an effective route to
analogues, exemplified in a focused library of 21 compounds with varying substituents. In
some cases, a protecting group strategy was included which was successful and efficient. Assay
work carried out on these compounds revealed two potent and ligand efficient fragments (3h

and 3s) for BRD4 BD1.

Our crystallographic work on 3h revealed an unusual binding pose in that the dimethylphenol
acted as another potential mimetic of K-ac instead of the pyrazole. Regardless, this work should
provide further encouragement to pursue both the dimethylphenol and 5-methyl-3-aryl-1H-
pyrazole as mimetic fragments with subsequent elaboration and optimization of these

fragments into selective bromodomain inhibitors.

168



Experimental

'H and '3C Nuclear Magnetic Resonance spectra were conducted on a Bruker Advance 1lI
Nanobay 400 MHz spectrometer coupled to the BACS 60 automatic sample changer and
obtained at 400.1 MHz and 100.6 MHz respectively. All spectra were processed using
MestReNova 6.0 software. The chemical shifts of all *H were measured relative to the expected
solvent peaks of the respective NMR solvents; CDCl3, 7.26; MeOD, 3.31; DMSO: 2.50. The
chemical shifts of all 13C were measured relative to the expected solvent peaks of the respective
NMR solvents; CDCls, 77.2; MeOD, 49.0; DMSO, 39.5. The data for all spectra are reported
in the following format: chemical shift (integration, multiplicity, coupling constant,
assignment). Multiplicity is defined as; s = singlet, d= doublet, t = triplet, dd = doublet of
doublets, td = triplet of doublets, tt = triplet of triplets, ddd = doublet of doublet of doublets, m
= multiplet. Coupling constants are applied as J in Hertz (Hz). For *H and *3C spectra, refer to

Appendix Q.

All HRMS analyses were done on an Agilent 6224 TOF LC/MS Mass Spectrometer coupled
to an Agilent 1290 Infinity (Agilent, Palo Alto, CA). All data were acquired and reference mass
corrected via a dual-spray electrospray ionisation (ESI) source. Each scan or data point on the
Total lon Chromatogram (TIC) is an average of 13,700 transients, producing a spectrum every
second. Mass spectra were created by averaging the scans across each peak and background
subtracted against the first 10 seconds of the TIC. Acquisition was performed using the Agilent
Mass Hunter Data Acquisition software version B.05.00 Build 5.0.5042.2 and analysis was

performed using Mass Hunter Qualitative Analysis version B.05.00 Build 5.0.519.13.

All LCMS analyses were carried out on an Agilent 6100 Series Single Quad LC/MS coupled
with an Agilent 1200 Series HPLC, 1260 Infinity G1312B Binary pump, 1260 Infinity G1367E

1260 HiP ALS autosampler and 1290 Infinity G4212A 1290 DAD detector. The liquid
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chromatography conditions were: reverse phase HPLC analysis fitted with a Luna C8(2) 5uL
50 X 4.6mm 100A at a temperature of 30 °C. The sample injection volume was 5uL, which
was run in 0.1% formic acid in acetonitrile at a gradient of 5-100% over 10 minutes. Detection
methods were either 254 nm or 214 nm. The mass spectrum conditions were: Quadrupole ion
source with Multimode-ES. The drying gas temperature was 300 °C and the vaporizer
temperature was 200 °C. The capillary voltage in positive mode was 2000V, while in negative
mode, the capillary voltage was 4000V. The scan range was 100-1000 m/z with a step size of

0.1 second over 10 minutes.

TLCs were carried on Merck TLC Silica gel 60 F2s4 plates using the appropriate mobile phase.
Purification by column chromatography was conducted with Davisil Chromatographic Silica

LC60A (40-63 micron) using the specified mobile phases.

Purification on reverse-phase HPLC was done on a Waters Delta Prep 2000 Prep HPLC System
that was fitted with a Waters Delta Prep 2000 Pump and Controller. Samples were injected into
a Waters Prep Rack with Manual Injector, which were run through a Luna C8(2) 10uL 50 X
21.20mm 100A and Waters 486 Tunable Absorbance Detector. The conditions were: Solvent
A (0.1% TFA in H20) and Solvent B (0.1% TFA in CH3CN), with a gradient of 0-80% Solvent

B over a 20-minute period.

Compound purity was determined using an Agilent 1260 Infinity Analytical HPLC (1260
Infinity G1322A Degasser, 1260 Infinity G1312B Binary pump, G1367E HiP ALS
autosampler, 1260 Infinity G1316A Thermostatted Column Compartment, and 1260 Infinity
G4212B DAD detector. The liquid chromatography conditions were: reverse phase HPLC
analysis fitted with a Zorbax Eclipse Plus C18 Rapid Resolution 4.6 X 100 mm 3.5-Micron.
The sample injection volume was 1 pL, which was run in Solvent A (0.1% TFA in H20) and

Solvent B (0.1% TFA in CH3CN), with a gradient of 5-100% Solvent B over a 10-minute
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period. All compounds submitted for assays and X-ray crystallography studies were assessed

for purity of 95% or greater on 214 nm and 254 nm.

The 1Csos were measured using a Fluorescence Resonance Energy Transfer (FRET) assay,
which was carried out based on the protocol developed by CisBio Assay, France. The assay
consists of a europium (Eu®") cryptate-conjugated antibody attached to glutathione S-
transferase (GST) fused to BRD4 BD1 (49-170) and Streptavidin-D2 bound to biotin which is
attached to a Histone H4 peptide, SGRG-K(Ac)-GG-K(Ac)-GLG-K(Ac)-GGAK(AC)-
RHRKVGG-K (Biotin). Both Streptavidin-D2 and the Eu* cryptate-conjugated antibody were
purchased from CisBio Assays. In the absence of inhibitors, the Histone H4 peptide is bound
to BRD4 BD1. When both are in close proximity, a 337 nm laser light activates the Eu** donor
and emits at 620 nm, which causes D2 to fluoresce at 665 nm. In the presence of a ligand, this
reaction is interrupted. The assays were performed in 384-well small volume microtiter plates.
The serially diluted small molecule inhibitors were added to a buffer mixture with a final
concentration of 1% DMSO. The final buffer concentrations were 10 nM of GST-BRD4 BD1,
40 nM of Histone H4 peptide, 5 nM of Eu®* cryptate-conjugated GST-antibody, 6.25 nM
Streptavidin-D2, 50 mM Hepes, 50 mM NaCl, 0.5 mM CHAPS, 400 mM KF, 0.01% BSA, pH
7.5. After mixing and incubation at room temperature for at least 1.5 hours, the plates were
measured in a PheraStar plate reader (BMG Labtech) (excitation: 337 nm with 10 flashes;

emission: 620 and 665 nm).

X-ray crystal structures were obtained using a 6-His tagged bromodomain, BRD4 BD1, which
was expressed in E.coli and purified using Ni-agarose chromatography. The 6-His tag was then
removed by TEV protease digestion. The bromodomain was purified using gel filtration
chromatography using a Superdex-75, 16/60 column (GE Healthcare) in a buffer containing 50

mM Hepes pH 7.5, 0.3 M NaCl and 5% glycerol. The concentrated BRD4 BD1 protein (17
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mg/ml) was then incubated with 50 mM of the ligand at 40 °C for 16h. The final ligand
concentration used in the hanging drop was 5 mM. Crystals were obtained using the hanging
drop method in 24-well plates using 1 pl drops of protein and the reservoir solution containing
0.2 M NaNOs, PEG-3350 (35%) and ethylene glycol (6% v/v) concentrations. This was then
flash frozen in liquid nitrogen. All datasets were collected at the Australian Synchrotron on
MX1 and MX2 beamlines.** Datasets were merged and scaled using MOSFLM* and
AIMLESS*® from the CCP4 suite.*’ 5% of reflections in each dataset were flagged for
calculation of Riree. A summary of statistics is provided in Appendix R. Molecular replacement
was performed with Phaser* using a previously solved structure of BRD4 as a search model
(PDB: 5DW?2). The final structures were obtained after several rounds of manual refinement

using Coot*® and refinement with phenix.refine.>

Preparation of Morpholinium Trifluoroactate — In a 100 mL round-bottom flask, morpholine
(3.01 g, 34.4 mmol) was weighed out and dissolved in diethyl ether (60 mL). Trifluoroacetic
acid (2.81 mL, 37.9 mmol) was dissolved in a 1:1 mixture of n-pentane and diethyl ether (30
mL), and then slowly added dropwise to the morpholine solution at 0 °C. This was left to stir
at 0 °C for 1 hour, where a white precipitate formed. After this time, the precipitate was filtered

from the solvent under vacuum and 6.35 g of a white solid was collected.

General Procedure for Aldol Condensation — The selected benzaldehydes were weighed in a
carousel vessel and dissolved in acetone (5 mL). Morpholinium trifluoroacetate (25 mol %)
was added and the mixture was sealed and stirred at 75 °C, with TLC used to monitor the
reaction progress until completion. The mixture was quenched with saturated aqueous NaHCOs3
and washed with ethyl acetate three times. The organic layers were collected, combined and

dried with MgSOa4. The solution was filtered and concentrated via rotary evaporation to afford
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the a,B-unsaturated ketones. Unless stated otherwise, the ketones were taken to the next step

without further purification.

(E)-4-phenylbut-3-en-2-one (2a) — Acquired 265 mg (36%) as a white solid from 531 mg of
benzaldehyde (1a). *H NMR (400 MHz, CDCls) & 7.54 (m, 3H), 7.45 — 7.36 (m, 3H), 6.72 (d,

J=16.3 Hz, 1H), 2.39 (s, 3H) ppm.

(E)-4-(benzo[d][1,3]dioxo-5-yl)but-3-en-2-one (2b) — Acquired 162 mg (85%) as a white solid
from 150 mg of benzo[d][1,3]dioxole-5-carbaldehyde (1b). *H NMR (400 MHz, CDCls) &
7.40 (d, J = 16.2 Hz, 1H), 7.02 (m, 2H), 6.80 (d, J = 7.9 Hz, 1H), 6.53 (d, J = 16.2 Hz, 1H),

6.00 (s, 2H), 2.33 (s, 3H) ppm.

(E)-4-(4-hydroxy-3-methylphenyl)but-3-en-2-one (2¢) — Acquired 167 mg (94%) as an
orange/brown solid from 136 mg of 4-hydroxy-3-methylbenzaldehyde (1c). *H NMR (400
MHz, CDClz) 6 7.45 (d, J = 16.2 Hz, 1H), 7.37 — 7.27 (m, 2H), 6.80 (d, J = 8.3 Hz, 1H), 6.60

(d, J=16.2 Hz, 1H), 2.36 (s, 3H), 2.27 (s, 3H) ppm.

(E)-4-(3-methoxyphenyl)but-3-en-2-one (2d) — Acquired 164 mg (93%) as a yellow oil from
136 mg of 3-methoxybenzaldehyde (1d). *H NMR (400 MHz, CDCl3) § 7.47 (d, J = 16.3 Hz,
1H), 7.31 (t, J=7.9 Hz, 1H), 7.13 (d, J = 7.6 Hz, 1H), 7.07 — 7.04 (m, 1H), 6.95 (m, 1H), 6.70

(d, J = 16.3 Hz, 1H), 3.83 (s, 3H), 2.38 (s, 3H) ppm.

(E)-4-(4-methoxyphenyl)but-3-en-2-one (2e) — Acquired 155 mg (88%) as a yellow solid from
136 mg of 4-methoxybenzaldehyde (1e). *H NMR (400 MHz, CDCls) 6 7.48 (m, 3H, ArH),

6.91 (d, J = 8.8 Hz, 2H), 6.60 (d, J = 16.2 Hz, 1H), 3.84 (s, 3H), 2.36 (s, 3H) ppm.

(E)-4-(3-hydroxy-4-methoxyphenyl)but-3-en-2-one (2f) — Acquired 181 mg (94%) as a yellow

solid from 152 mg of 3-hydroxy-4-methoxybenzaldehyde (1f). 'H NMR (400 MHz, CDCl3) §
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7.40 (d, J = 16.2 Hz, 1H), 7.12 (d, J = 2.1 Hz, 1H), 7.01 (m, 1H), 6.81 (d, J = 8.3 Hz, 1H), 6.54

(d, J=16.2 Hz, 1H), 3.87 (s, 3H), 2.32 (s, 3H) ppm.

(E)-4-(4-hydroxy-3,5-dimethylphenyl)but-3-en-2-one (2h) — Acquired 179 mg (94%) as an
orange solid from 166 mg of 4-hydroxy-3,5-dimethylbenzaldehyde (1h). *H NMR (400 MHz,
CDCl3) 6 7.43 (d, J = 16.2 Hz, 1H), 7.18 (s, 2H), 6.59 (d, J = 16.2 Hz, 1H), 2.35 (s, 3H), 2.27

(s, 6H) ppm.

(E)-4-(2,6-difluorophenyl)but-3-en-2-one (2i) — Acquired 151mg (83%) as a colourless oil
from 142 mg of 2,6-difluorobenzaldehyde (1i). *H NMR (400 MHz, CDCl3) 8 7.60 (d, J = 16.7

Hz, 1H), 7.36 — 7.27 (m, 1H), 7.05 — 6.89 (m, 3H), 2.39 (s, 3H) ppm.

(E)-4-(2-nitrophenyl)but-3-en-2-one (2j) — Acquired 98.9 mg (52%) as a brown oil by column
chromatography (Mobile phase: 15% EtOAc in petroleum benzine) from 151 mg of 2-
nitrobenzaldehyde (1j). *H NMR (400 MHz, CDCls) & 8.02 (dd, J = 8.4, 0.7 Hz, 1H), 7.93 (d,
J=16.2 Hz, 1H), 7.69 — 7.58 (m, 2H), 7.57 — 7.48 (m, 1H), 6.54 (d, J = 16.2 Hz, 1H), 2.38 (s,

3H) ppm.

(E)-4-(3-bromophenyl)but-3-en-2-one (2k) — Acquired 129 mg (57%) as a yellow oil from 185
mg of 3-bromobenzaldehyde (1k). 'H NMR (400 MHz, CDCls3) & 7.69 (m, 1H), 7.52 (m, 1H),

7.49 —7.39 (m, 2H), 7.27 (m, 1H), 6.70 (d, J = 16.2 Hz, 1H), 2.38 (s, 3H) ppm.

(E)-4-(p-tolyl)but-3-en-2-one (21) — Acquired 156 mg (97%) as a yellow oil from 120 mg of 4-
methylbenzaldehyde (11). *H NMR (400 MHz, CDCls) § 7.49 (d, J = 16.3 Hz, 1H), 7.44 (d, J

= 8.2 Hz, 2H), 7.21 (d, J = 8.0 Hz, 2H), 6.68 (d, J = 16.3 Hz, 1H), 2.38 (s, 6H) ppm.

(E)-4-(3-chlorophenyl)but-3-en-2-one (2m) — Acquired 172 mg (95%) as a yellow oil from 141
mg of 3-chlorobenzaldehyde (1m). *H NMR (400 MHz, CDCl3) § 7.53 (t, J = 1.8 Hz, 1H),

7.47 -7.31 (m, 4H), 6.71 (d, J = 16.3 Hz, 1H), 2.38 (s, 3H) ppm.
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(E)-4-(2-methoxyphenyl)but-3-en-2-one (20) — Acquired 167 mg (95%) as a yellow solid from
136 mg of 2-methoxybenzaldehyde (10). *H NMR (400 MHz, CDCls) 6 7.87 (d, J = 16.5 Hz,
1H), 7.53 (dd, J = 7.7, 1.6 Hz, 1H), 7.35 (m, 1H), 7.02 — 6.85 (m, 2H), 6.74 (d, J = 16.5 Hz,

1H), 3.88 (s, 3H), 2.37 (s, 3H) ppm.

(E)-4-(2-methoxy-5-nitrophenyl)but-3-en-2-one (2q) — Acquired 62.3 mg (28%) as a white
solid by column chromatography (Mobile phase: 15% EtOAc in petroleum benzine) from 181
mg of 2-methoxy-5-nitrobenzaldehyde (1q). *H NMR (400 MHz, CDCls) 6 8.44 (d, J = 2.8
Hz, 1H), 8.26 (dd, J = 9.1, 2.8 Hz, 1H), 7.80 (d, J = 16.4 Hz, 1H), 7.01 (d, J = 9.2 Hz, 1H),

6.85 (d, J = 16.4 Hz, 1H), 4.02 (s, 3H), 2.40 (s, 3H) ppm.

(E)-4-(quinolin-4-yl)but-3-en-2-one (2s) — Acquired 125 mg (63%) as a white solid by column
chromatography (Mobile phase: 15% EtOAc in petroleum benzine) from 157 mg of quinolone-
4-carbaldehyde (1s). *H NMR (400 MHz, CDCls) 6 8.90 (d, J = 4.5 Hz, 1H), 8.20 (d, J = 16.1
Hz, 1H), 8.11 (m, 2H), 7.74 (m, 1H), 7.60 (m, 1H), 7.50 (d, J = 4.5 Hz, 1H), 6.86 (d, J = 16.0

Hz, 1H), 2.45 (s, 3H) ppm.

(E)-4-(4-aminophenyl)but-3-en-2-one (2t) — Acquired 145 mg (90%) as a yellow solid from
121 mg of 4-aminobenzaldehyde (1t).*H NMR (400 MHz, CDCl3) § 7.42 (d, J = 16.2 Hz, 1H),
7.35(d, J = 8.4 Hz, 2H), 6.65 (d, J = 8.6 Hz, 2H), 6.54 (d, J = 16.1 Hz, 1H), 4.03 (s, 2H), 2.33

(s, 3H) ppm.

(E)-4-(3,4-dimethoxyphenyl)but-3-en-2-one (2u) — Acquired 207 mg (99%) as a white solid by
column chromatography (Mobile phase: 15% EtOAc in petroleum benzine) from 166 mg of
3,4-dimethoxybenzaldehyde (1u). *H NMR (400 MHz, CDCls) 6 7.44 (d, J = 16.2 Hz, 1H),
7.11 (dd, J = 8.4, 2.0 Hz, 1H), 7.05 (d, J = 2.0 Hz, 1H), 6.86 (d, J = 8.3 Hz, 1H), 6.58 (d, J =

16.2 Hz, 1H), 3.90 (s, 6H), 2.35 (s, 3H) ppm.
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(E)-4-(4-(benzyloxy)-3-methylphenyl)but-3-en-2-one (5a) — Acquired 398 mg (87%) by
column chromatography (Mobile phase: 15% EtOAc in petroleum benzine) as a yellow solid
from 387 mg of 4a. 'H NMR (400 MHz, CDCl3) & 7.50 — 7.31 (m, 9H), 6.88 (d, J = 8.4 Hz,
1H), 6.61 (d, J = 16.2 Hz, 1H), 5.12 (s, 2H), 2.36 (s, 3H), 2.31 (s, 3H) ppm. 3C NMR (101
MHz, CDCl3) & 198.5, 159.1, 143.6, 136.9, 130.6, 128.72, 128.10, 128.09, 127.92, 127.18,

126.95, 125.0, 111.6, 70.0, 27.5, 16.6 ppm.

(E)-4-(2-(benzyloxy)-4-methoxyphenyl)but-3-en-2-one (5b) — Acquired 338 mg (64%) by
column chromatography (Mobile phase: 20% EtOAc in petroleum benzine) as a yellow solid
from 455 mg of 4b. *H NMR (400 MHz, CDCls) & 7.87 (d, J = 16.4 Hz, 1H), 7.50 (d, J = 8.3
Hz, 1H), 7.46 — 7.31 (m, 5H), 6.69 (d, J = 16.4 Hz, 1H), 6.57 — 6.48 (m, 2H), 5.13 (s, 2H), 3.80
(s, 3H), 2.31 (s, 3H) ppm. 2¥C NMR (101 MHz, CDCl3) § 199.1, 163.0, 158.9, 138.7, 136.5,

129.9, 128.77, 128.23, 127.3, 125.6, 116.9, 106.1, 100.0, 70.6, 55.5, 27.2 ppm.

(E)-4-(4-(benzyloxy)-3,5-dimethylphenyl)but-3-en-2-one (5¢) — Acquired 411 mg (82%) by
column chromatography (Mobile phase: 15% EtOAc in petroleum benzine) as a custard yellow
solid from 428 mg of 4c. *H NMR (400 MHz, CDCl3) & 7.47 (m, 6H), 7.24 (d, J = 0.4 Hz, 2H),
6.63 (d, J = 16.2 Hz, 1H), 4.84 (s, 2H), 2.36 (s, 3H), 2.31 (s, 6H) ppm. 13C NMR (101 MHz,
CDCIs) 6 198.5, 158.1, 143.4, 137.3, 132.0, 130.21, 129.19, 128.68, 128.26, 127.94, 126.3,

74.3, 27.6, 16.6 ppm.

(E)-4-(2-(benzyloxy)-5-nitrophenyl)but-3-en-2-one (5d) — Acquired 402 mg (72%) by column
chromatography (Mobile phase: 25% EtOAc in petroleum benzine) as a cream solid from 484
mg of 4d. *H NMR (400 MHz, CDCl3) & 8.45 (d, J = 2.8 Hz, 1H), 8.21 (dd, J = 9.1, 2.8 Hz,
1H), 7.86 (d, J = 16.4 Hz, 1H), 7.49 — 7.31 (m, 5H), 7.05 (d, J = 9.2 Hz, 1H), 6.87 (d, J = 16.4
Hz, 1H), 5.29 (s, 2H), 2.37 (s, 3H) ppm. 23C NMR (101 MHz, CDCls) 5 198.0, 161.6, 141.6,

135.71,135.04,129.71, 128.97, 128.71, 127.26, 126.83, 124.65, 123.94, 112.5, 71.3, 28.0 ppm.
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General Procedure for Pyrazole Formation — In a 10 mL round-bottom flask, the a,f-
unsaturated ketones were weighed out. Tetrabutylammonium bromide (2 mol. eq.), sodium
hydroxide (2 mol. eq.) and p-toluenesulfonyl hydrazide (1.5 mol. eq.) were weighed and added
to the flask, and dissolved in water (4 mL). The mixture was stirred at 80 °C overnight. After
stirring, the mixture was cooled to room temperature before quenching with brine (15 mL) and
washing with ethyl acetate (3 x 25 mL). The organic layers were collected, combined, dried
with MgSOy, filtered and concentrated under reduced pressure. The crudes were run through
silica gel chromatography to remove the TBAB, then reverse-phase HPLC to afford the

respective 5-methyl-3-phenyl-1H-pyrazoles.

5-methyl-3-phenyl-1H-pyrazole (3a) — Acquired 209 mg (73%) as a white solid from 265 mg
of 2a. 1H NMR (400 MHz, CDCls) § 9.67 (br s, 1H), 7.74 — 7.68 (m, 2H), 7.40 — 7.34 (m, 2H),
7.34 — 7.27 (m, 1H), 6.34 (s, 1H), 2.28 (s, 3H) ppm. 3C NMR (101 MHz, CDCls) 5 150.1,
143.3, 132.6, 128.80, 127.94, 125.8, 102.2, 11.8 ppm. ESI-MS: m/z 159.1 [M+H]"; HR-MS:
m/z calcd. for C1oH1o0N2 [M+H]": 158.0044; found 158.0049. HPLC (PP gradient, MeOH):

4.74 min.

3-(benzo[d][1,3]dioxo-5-yl)-5-methyl-1H-pyrazole (3b) — Acquired 28.4 mg (27%) as a white
solid from 98.2 mg of 2b. 'H NMR (400 MHz, CDCls3) § 9.29 (br s, 1H), 7.20 — 7.14 (m, 2H),
6.79 (d, J = 8.6 Hz, 1H), 6.23 (s, 1H), 5.96 (s, 2H), 2.28 (s, 3H) ppm. 3C NMR (101 MHz,
CDCIs) 6 149.9, 148.1, 147.5, 143.0, 127.0, 119.5, 108.6, 106.5, 101.89, 101.20, 11.8 ppm.
ESI-MS: m/z 203.0 [M+H]"; HR-MS: m/z calcd. for C11H10N20> [M+H]": 202.0740; found

202.0745. HPLC (PP gradient, MeOH): 4.76 min.

3-(3-methoxyphenyl)-5-methyl-1H-pyrazole (3d) — Acquired 14.5 mg (18%) as a clear oil from
77.4 mg of 2d. *H NMR (400 MHz, CDCls)  10.53 (br s, 1H), 7.37 — 7.30 (m, 1H), 7.27 —

7.24 (m, 2H), 6.96 (ddd, J = 8.3, 2.4, 1.1 Hz, 1H), 6.47 (s, 1H), 3.83 (s, 3H), 2.41 (s, 3H) ppm.
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13C NMR (101 MHz, CDCl3) 6 160.3, 147.9, 144.5, 130.4, 129.3, 118.9, 116.2, 111.6, 103.8,
55.5, 11.5. ESI-MS: m/z 189.1 [M+H]*. HR-MS: m/z calcd. for C11H12N20O [M+H]™:

188.0950; found 188.0949. HPL.C (PP gradient, MeOH): 5.04 min.

3-(4-methoxyphenyl)-5-methyl-1H-pyrazole (3e) — Acquired 19.9 mg (23%) as a clear oil 81.4
mg of 2e. 'H NMR (400 MHz, CDCl3) § 7.62 (d, J = 8.9 Hz, 2H), 6.94 (d, J = 8.9 Hz, 2H),
6.41 (s, 1H), 3.84 (s, 3H), 2.41 (s, 3H). 13C NMR (101 MHz, CDCls) § 161.4, 147.5, 144.5,
128.1, 120.0, 114.8, 103.1, 55.5, 11.5 ppm. ESI-MS: m/z 189.1 [M+H]*. HR-MS: m/z calcd.

for C11H12N20 [M+H]": 188.0950; found 188.0951. HPLC (PP gradient, MeOH): 4.78 min.

2-methoxy-5-(5-methyl-1H-pyrazol-3-yl)phenol (3f) — Acquired 13.2 mg (11%) of an orange
solid from 109 mg of 2f. IH NMR (400 MHz, MeOD) & 7.21 (dd, J = 8.2, 2.2 Hz, 1H), 7.19
(d, J = 2.1 Hz, 1H), 7.01 (d, J = 8.3 Hz, 1H), 6.58 (s, 1H), 3.90 (s, 3H), 2.40 (s, 3H) ppm. 13C
NMR (101 MHz, MeOD) 6 150.6, 149.9, 148.3, 146.8, 119.2, 114.2, 113.0, 103.8, 56.5, 11.2
ppm. ESI-MS: m/z 205.1 [M+H]*. HR-MS: m/z calcd. for C11H12N20> [M+H]*: 204.0899;

found 204.0902. HPLC (PP gradient, MeOH): 3.77 min.

3-(2,6-difluorophenyl)-5-methyl-1H-pyrazole (3i) — Acquired 21.4 mg (28%) as a white solid
from 71.0mg of 2i. 'H NMR (400 MHz, MeOD) & 7.61 (tt, J = 8.4, 6.4 Hz, 1H), 7.26 — 7.19
(m, 2H), 6.85 (s, 1H), 2.52 (s, 3H) ppm. 3C NMR (101 MHz, MeOD) & 161.4 (dd, J = 252.6,
6.0 Hz), 147.0, 137.7, 134.1 (t, J = 10.9 Hz), 113.66 — 113.34 (m), 109.6 (t, J = 4.3 Hz), 11.0
ppm. ESI-MS: m/z 195.1 [M+H]"; HR-MS: m/z calcd. for CioHsF2N2 [M+H]": 194.0656;

found 194.0659. HPL.C (PP gradient, MeOH): 5.40 min.

3-(2-nitrophenyl)-5-methyl-1H-pyrazole (3j) — Acquired 4.28 mg (8.3%) as a yellow oil from
48.4mg of 2j. *H NMR (400 MHz, CDCl3) 6 7.77 (dd, J = 8.0, 1.0 Hz, 1H), 7.62 (dd, J = 7.7,
1.7 Hz, 1H), 7.59 (td, J = 7.5, 1.2 Hz, 1H), 7.52 — 7.46 (m, 1H), 6.78 (br s, 1H), 6.24 (s, 1H),

2.38 (s, 3H) ppm. 3C NMR (101 MHz, CDCls) 5 149.1, 145.7, 142.3, 132.4, 131.2, 129.56,
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125.78, 124.1, 105.3, 11.3 ppm. ESI-MS: m/z 204.1 [M+H]*. HR-MS: m/z calcd. for

C10HgN302 [M+H]*: 203.0695; found 203.0698. HPLC (PP gradient, MeOH): 5.51 min.

3-(3-bromophenyl)-5-methyl-1H-pyrazole (3k) — Acquired 19.3 mg (34%) as a clear oil from
53.3 mg of 2k. 1H NMR (400 MHz, CDCls) & 12.09 (br s, 1H), 7.79 (t, J = 1.7 Hz, 1H), 7.62
(ddd, J = 7.8, 1.6, 1.0 Hz, 1H), 7.52 (ddd, J = 8.0, 1.9, 1.0 Hz, 1H), 7.28 (t, J = 8.0 Hz, 1H),
6.47 (s, 1H), 2.43 (s, 3H) ppm. *C NMR (101 MHz, CDCls) § 146.9, 144.4, 133.0, 130.88,
130.44, 129.55, 125.0, 123.3, 104.0, 11.4 ppm. ESI-MS: m/z 237.0 [("*Br)M+H]* and 239.0
['Br)M+H]". HR-MS: m/z calcd. for C1o0HgBrN2 [M+H]": 235.9949; found 235.9953. HPLC

(PP gradient, MeOH): 6.29 min.

5-methyl-3-(p-tolyl)-1H-pyrazole (31) — Acquired 50.0 mg (61%) as a white solid from 75.8 mg
of 21. 1H NMR (400 MHz, CDCls) 6 11.23 (br s, 1H), 7.56 (d, J = 8.1 Hz, 2H), 7.21 (d, J = 8.3
Hz, 2H), 6.42 (s, 1H), 2.38 (d, J = 7.6 Hz, 6H) ppm. 13C NMR (101 MHz, CDCls) & 148.0,
144.6, 140.4, 130.0, 126.4, 125.3, 103.3, 21.5, 11.5 ppm. ESI-MS: m/z 173.2 [M+H]*. HR-
MS: m/z calcd. for CiiH12N2 [M+H]™: 172.1000; found 172.1008. HPLC (PP gradient,

MeOH): 5.44 min.

3-(3-chlorophenyl)-5-methyl-1H-pyrazole (3m) — Acquired 15.3 mg (20%) as a white solid
from 71.5 mg of 2m. 'H NMR (400 MHz, CDCl3) & 7.63 — 7.60 (m, 1H), 7.54 (d, J = 6.7 Hz,
1H), 7.33 - 7.26 (m, 2H), 6.41 (s, 1H), 2.38 (s, 3H) ppm. 3C NMR (101 MHz, CDCls) § 148.1,
143.9, 135.1, 131.8, 130.4, 129.3, 126.5, 124.4, 103.5, 11.4 ppm. ESI-MS: m/z 193.0
[(**CDM+H]* and 195.0 [(3’CI)M+H]*; HR-MS: m/z calcd. for C1o0HoCIN2 [M+H]*: 192.0454;

found 192.0458. HPL.C (PP gradient, MeOH): 6.03 min.

3-(2-methoxyphenyl)-5-methyl-1H-pyrazole (30) — Acquired 33.9 mg (41%) as a crystalline
solid from 77.2 mg of 2n. *H NMR (400 MHz, CDCl3) 8 9.93 (brs, 1H), 7.64 (dd, J=7.7, 1.5

Hz, 1H), 7.40 (ddd, J = 8.3, 7.6, 1.7 Hz, 1H), 7.09 — 7.00 (m, 2H), 6.56 (s, 1H), 4.02 (s, 3H),
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2.42 (s, 3H) ppm. C NMR (101 MHz, CDCl3) § 156.7, 144.4, 142.8, 131.5, 128.5, 121.3,
115.7, 111.9, 104.0, 55.9, 11.9 ppm. ESI-MS: m/z 189.1 [M+H]". HR-MS: m/z calcd. for

C11H12N20 [M+H]*: 188.0950; found 188.0954. HPL.C (PP gradient, MeOH): 4.80 min.

3-(2-methoxy-5-nitrophenyl)-5-methyl-1H-pyrazole (3q) — Acquired 0.31 mg (1%) as a brown
solid from 28.1 mg of 2g. *H NMR (400 MHz, CDCls) § 8.61 (d, J = 2.7 Hz, 1H), 8.20 (dd, J
=9.1, 2.8 Hz, 1H), 7.08 (d, J = 9.2 Hz, 1H), 6.58 (s, 1H), 4.09 (s, 3H), 2.37 (s, 3H) ppm. ESI-
MS: m/z 234.1 [M+H]"; HR-MS: m/z calcd. for C11H11N3Os [M+H]": 233.0800; found

233.0804. HPLC (PP gradient, MeOH): 5.46 min.

4-(5-methyl-1H-pyrazol-3-yl)quinoline (3s) — Acquired 36.9 mg (58%) as a white solid from
60.4 mg of 2s. 1H NMR (400 MHz, MeOD) & 9.26 (dd, J = 8.7, 0.6 Hz, 1H), 9.05 (d, J = 5.7
Hz, 1H), 8.20 (ddd, J = 8.6, 1.1, 0.6 Hz, 1H), 8.16 (d, J = 5.8 Hz, 1H), 8.13 — 8.08 (m, 1H),
7.95 — 7.89 (m, 1H), 6.84 (s, 1H), 2.46 (s, 3H) ppm. 133C NMR (101 MHz, MeOD) & 148.7,
147.2, 144.0, 141.6, 140.1, 133.7, 129.29, 128.39, 126.0, 121.5, 120.0, 106.6, 9.2 ppm. ESI-
MS: m/z 210.1 [M+H]". HR-MS: m/z calcd. for C13H11N3z [M+H]*: 209.0953; found 209.0955.

HPLC (PP gradient, MeOH): 4.06 min.

4-(5-methyl-1H-pyrazol-3-yDaniline (3t) — Acquired 109 mg (66%) as a yellow oil from 152
mg of 2t. '1H NMR (400 MHz, MeOD) & 7.81 (d, J = 8.8 Hz, 2H), 7.28 (d, J = 8.8 Hz, 2H),
6.55 (d, J = 0.6 Hz, 1H), 2.37 (s, 3H) ppm. 13C NMR (101 MHz, MeOD)  150.3, 144.8, 128.4,
122.3, 103.3, 11.0 ppm. ESI-MS: m/z 210.1 [M+H]*. HR-MS: m/z calcd. for CioH11N3

[M+H]*: 173.0953; found 173.0955. HPLC (PP gradient, MeOH): 4.06 min.

3-(3,4-dimethoxyphenyl)-5-methyl-1H-pyrazole (3u) — Acquired 116 mg (62%) as a yellow
from 174 mg of 2u. *H NMR (400 MHz, CDCls) & 8.83 (br s, 1H), 7.27 (d, J = 1.9 Hz, 1H),
7.21 (dd, J=8.3, 2.0 Hz, 1H), 6.84 (d, J = 8.3 Hz, 1H), 6.27 (s, 1H), 3.88 (s, 3H), 3.84 (s, 3H),

2.28 (s, 3H) ppm. 3C NMR (101 MHz, CDCls) § 150.03, 149.20, 149.00, 143.1, 125.7, 118.4,
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111.3, 109.0, 101.7, 56.01, 55.90, 11.8 ppm. ESI-MS: m/z 219.0 [M+H]*. HR-MS: m/z calc.

for C12H14N202 [M+H]*: 218.1055; found 218.1055. HPL.C (PP gradient, MeOH): 4.22 min.

3-(4-(benzyloxy)-3-methylphenyl)-5-methyl-1H-pyrazole (6a) — Acquired 143 mg (38%) as a
white solid from 360 mg of 5a. 'H NMR (400 MHz, CDCls) § 7.52 — 7.46 (m, 2H), 7.46 — 7.31
(m, 5H), 6.90 (d, J = 8.5 Hz, 1H), 6.39 (s, 1H), 5.11 (s, 2H), 2.40 (s, 3H), 2.30 (s, 3H) ppm.
13C NMR (101 MHz, CDCls) 6 158.7, 147.5, 144.5, 136.8, 128.95, 128.74, 128.32, 128.12,
127.22, 1255, 119.5, 111.8, 103.0, 70.1, 16.5, 11.4 ppm. ESI-MS: m/z 278.9 [M+H]*. HR-
MS: m/z calc. for C1gH1sN20O [M+H]*: 278.1419; found 278.1420. HPLC (PP gradient, 1:1

CH3CN:H20): 6.18 min.

3-(2-(benzyloxy)-4-methoxyphenyl)-5-methyl-1H-pyrazole (6b) — Acquired 74.5 mg (25%) as
a white solid from 289 mg of 5b. *H NMR (400 MHz, CDCls) § 12.14 (br s, 1H), 7.56 (d, J =
8.6 Hz, 1H), 7.47 — 7.41 (m, 2H), 7.40 — 7.28 (m, 3H), 6.60 — 6.54 (m, 2H), 6.50 (s, 1H), 5.35
(s, 2H), 3.78 (s, 3H), 2.42 (s, 3H) ppm. 2*C NMR (101 MHz, CDCl3)  162.7, 157.3, 143.47,
143.11, 136.0, 129.81, 128.91, 128.51, 127.84, 108.5, 106.4, 104.0, 100.6, 71.0, 55.6, 11.6
ppm. ESI-MS: m/z 294.9 [M+H]*. HR-MS: m/z calc. for C1gH1sN202 [M+H]": 294.1368;

found 294.1370. HPLC (PP gradient, 1:1 CH3CN:H20): 5.71 min.

3-(4-(benzyloxy)-3,5-dimethylphenyl)-5-methyl-1H-pyrazole (6¢) — Acquired 150 mg (39%) as
a white solid from 369 mg of 5¢. *H NMR (400 MHz, CDCls) 6 9.58 (br s, 1H), 7.52 — 7.46
(m, 2H), 7.44 — 7.32 (m, 5H), 6.31 (s, 1H), 4.82 (s, 2H), 2.31 (s, 3H), 2.29 (s, 6H) ppm. 13C
NMR (101 MHz, CDCl3) 6 157.0, 148.4, 144.4, 137.4, 132.1, 128.68, 128.20, 127.89, 127.13,
124.7, 103.1, 74.2, 16.5, 11.5 ppm. ESI-MS: m/z 292.9 [M+H]*. HR-MS: m/z calc. for
C19H20N20 [M+H]": 292.1576; found 292.1577. HPLC (PP gradient, 1:1 CH3CN:H20): 6.38

min.
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General Procedure for Phenol Protection — In a 10 mL round-bottom flask, the selected
hydroxylbenzyaldehydes (2 mmol) were weighed out, along with K.CO3z (3 mol. eq.). DMF (1
mL)* was added and the mixture stirred at room temperature for 30 minutes. Benzyl bromide
(2.2 mol. eq.) was added and the mixture was allowed to stir at room temperature overnight.
After this time, the mixture was quenched with water (30 mL) and washed with EtOAc (3 x 30
mL). The organic layers were combined, washed with water (30 mL) and then brine (30 mL).
The organic layer was dried with MgSOa, filtered and concentrated via rotary evaporation to
afford the crude products. The crudes were purified with column chromatography to afford the

pure benzyl-protected benzaldehydes.

4-(benzyloxy)-3-methylbenzaldehyde (4a) — Acquired 410 mg (91%) as a clear oil from 272 mg
of 4-hydroxy-3-methylbenzaldehyde (1c) (Mobile phase: 10% EtOAc in petroleum benzine).
IH NMR (400 MHz, CDCl3)  9.86 (s, 1H), 7.76 — 7.65 (m, 2H), 7.50 — 7.30 (m, 5H), 6.99 (d,
J=8.3 Hz, 1H), 5.18 (s, 2H), 2.33 (s, 3H) ppm. 3C NMR (101 MHz, CDCl3) § 191.3, 162.1,

136.5, 131.8, 130.68, 129.79, 128.80, 128.26, 128.14, 127.22, 111.1, 70.2, 16.5 ppm.

2-(benzyloxy)-4-methoxybenzaldehyde (4b) — Acquired 491 mg (99%) as a crystalized solid
from 304 mg of 2-hydroxy-4-methoxybenzaldehyde (1g) (Mobile phase: 12% EtOAc in
petroleum benzine). *H NMR (400 MHz, CDCls) 6 10.39 (s, 1H), 7.89 — 7.79 (m, 1H), 7.50 —
7.30 (m, 5H), 6.60 — 6.49 (m, 2H), 5.14 (s, 2H), 3.83 (s, 3H) ppm. 13C NMR (101 MHz, CDCl5)

0 188.4,166.2,162.9, 136.1, 130.6, 128.86, 128.42, 127.41, 119.5, 106.3, 99.4, 70.6, 55.8 ppm.

4-(benzyloxy)-3,5-dimethylbenzaldehyde (4c) — Acquired 450 mg (94%) as a crystalized solid
from 300 mg of 4-hydroxy-3,5-dimethylbenzaldehyde (1h) (Mobile phase: 8% EtOAc in
petroleum benzine). *H NMR (400 MHz, CDCls) § 9.90 (s, 1H), 7.59 (s, 2H), 7.44 (m, 5H),
4.88 (s, 2H), 2.36 (s, 6H) ppm. 13C NMR (101 MHz, CDCl3) & 191.8, 161.3, 137.0, 132.55,

132.40, 130.9, 128.77, 128.44, 128.01, 74.3, 16.7 ppm.
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2-(benzyloxy)-5-nitrobenzaldehyde (4d) — Acquired 512 mg (99%) as a white solid from 334
mg of 2-hydroxy-5-nitrobenzaldehyde (1p) (Mobile phase: 15% EtOAc in petroleum benzene).
IH NMR (400 MHz, CDCls) 6 10.50 (s, 1H), 8.69 (d, J = 2.9 Hz, 1H), 8.39 (dd, J = 9.2, 2.9
Hz, 1H), 7.48 — 7.35 (m, 5H), 7.20 (dd, J = 9.1, 4.7 Hz, 1H), 5.33 (s, 2H) ppm. 13C NMR (101
MHz, CDCl3) 6 187.5, 164.7, 141.8, 130.6, 129.04, 128.94, 127.5, 124.96, 124.68, 113.5, 71.6,

29.7 ppm.
*2-hydroxy-5-nitrobenzaldehyde had to be dissolved in 4 mL DMF.

General Procedure for Phenol Deprotection — A 25 mL three-neck round-bottom flask with a
magnetic stir-bar was charged with N». Palladium on carbon (10% w/w) was weighed,
submerged in a minimum amount of dichloromethane and added to the flask. The benzyl-
protected pyrazole was then dissolved in ethyl acetate and pipetted into the flask while keeping
it under N2. The flask was purged three more times with N, and then purged three times with
H>, to which the contents were left to stir. The progress of the reaction was monitored by LCMS
and HPLC. After completion, the flask was purged with N2 and the contents were filtered
carefully through a glass microfiber filter paper under gentle vacuum. The filtered palladium
catalyst was washed with dichloromethane, followed by ethyl acetate, and then quenched
separately with H>O while the filtrate was concentrated under reduced pressure to give the
deprotected pyrazoles. Each pyrazole was deemed sufficiently pure by analytical HPLC, thus

requiring no further purification.

2-methyl-4-(5-methyl-1H-pyrazol-3-yl)phenol (3c) — Acquired 21.7 mg (92%) as a yellow oil
from 34.7 mg of 6a. *H NMR (400 MHz, MeOD) & 7.31 (d, J = 1.6 Hz, 1H), 7.23 (dd, J = 8.3,
2.1 Hz, 1H), 6.66 (d, J = 8.3 Hz, 1H), 6.14 (s, 1H), 2.17 (s, 3H), 2.11 (s, 3H) ppm. 1*C NMR

(101 MHz, MeOD) 6 155.3, 127.8, 124.48, 123.87, 114.3, 100.5, 14.9 ppm. ESI-MS: m/z 189.0
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[M+H]*. HR-MS: m/z calc. for C11H12N,0 [M+H]*: 188.0950; found 188.0948. HPLC (PP

gradient, MeOH): 4.02 min.

5-methoxy-2-(5-methyl-1H-pyrazol-3-yl)phenol (3g) — Acquired 14.6 mg (72%) as a white
solid from 29.2 mg of 6b. 'H NMR (400 MHz, DMSO) 6 11.19 (br s, 1H), 7.52 (d, J = 9.0 Hz,
1H), 6.50 — 6.42 (m, 3H), 3.73 (s, 3H), 2.28 (s, 3H) ppm. 3C NMR (101 MHz, DMSO) &
159.7, 127.3, 110.3, 105.6, 101.3, 55.0 ppm. ESI-MS: m/z 205.0 [M+H]". HR-MS: m/z calc.

for C11H12N202 [M+H]*: 204.0899; found 204.0899. HPL.C (PP gradient, MeOH): 4.32 min.

2,6-dimethyl-4-(5-methyl-1H-pyrazol-3-yl)phenol (3h) — Acquired 31.9 mg (99%) as a white
solid from 45.3 mg of 6¢. *H NMR (400 MHz, MeOD) § 7.16 (s, 2H), 6.14 (s, 1H), 2.16 (s,
3H), 2.13 (s, 6H) ppm. 3C NMR (101 MHz, MeOD) § 153.2, 125.43, 124.46, 100.6, 15.3,
10.5 ppm. ESI-MS: m/z 203.0 [M+H]". HR-MS: m/z calc. for C12H14N>0 [M+H]*: 202.1106;

found 202.1105. HPLC (PP gradient, MeOH): 4.22 min.
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Chapter 5 — Conclusion and Future Directions

Bromodomains have been the subject of investigation due to their involvement with disease
states and the ambiguity surrounding their function in several proteins. The main strategy that
has been employed is to mimic K-ac from binding to the bromodomain. Even though there is
an abundance of both fragments and inhibitors for bromodomains, many of which have
progressed into clinical trials, there are still numerous mimetics that have either yet to be
discovered or been neglected in the search for novel inhibitors. In this thesis, we have examined
the inhibitory potential of two such fragments: N-methylpyrrolidone and 5-methyl-3-aryl-1H-
pyrazole. In our assays, both starting fragments showed millimolar 1Cso towards BRD4 BD1,
which would have been seen as a deterrent for pursuing such fragments despite possessing
sufficient ligand efficiency. However, using different strategies for FBDD, we have greatly
improved their respective activity, developed several lead compounds with micromolar
inhibition and solved crystal structures that have rationalised not only their activity but also

their use as K-ac mimetics.

Chapters 2 and 3 involved the elaboration of the solvent molecule N-methylpyrrolidone. Prior
to the commencement of this work, N-methylpyrrolidone was well-known as an K-ac mimetic.
Despite the literature linking its therapeutic activity to its bromodomain inhibition, it was yet
to be elaborated as a fragment. Here, we applied two strategies to prove the worth of NMP as

an K-ac mimetic.

In Chapter 2, we used NMP as an acetamide substitute to replace the K-ac mimetic of the BET
inhibitor Olinone. The six derivatives we created in this work — a pair of methyl ester, alcohol
and mesylate homologues - are useful in their own right in FBDD and should be taken further
to develop functionalised esters, amides, ethers and amines. Using the mesylate homologues,

we successfully created two Olinone-based analogues. Both analogues retained the binding
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interactions to BRD4 BD1, as revealed by X-ray crystallography, while 17 also retained its
inhibitory activity in spite of being tested as a racemic mixture. Given the success of the
strategy of acetamide substitution in Olinone, this should give us further incentive to put
forward the case that NMP can reliably serve as an K-ac mimetic substitute and can be extended

towards replacing K-ac with NMP in certain peptidomimetics or other known inhibitors.

The strategy of fragment growing was applied to NMP in Chapter 3 in order to gradually
improve its inhibitory activity. This work saw the creation of a phenyl-derived NMP fragment
which showed an initial improvement to inhibition while retaining the mimicry of NMP. Using
electrophilic aromatic substitution, four intermediates were created for SAR studies, which
showed a gradual enhancement to activity and culminated with the lead compound 15c. The
information generated by the new binding pose is two-fold. Firstly, the X-ray crystal structure
of 15c¢ provides a blueprint for future optimization, despite NMP no longer acting as the
mimetic. Secondly, given that certain substitutions on the phenyl ring proved detrimental to
activity, there should be more careful consideration of the functional groups used to grow the

NMP fragment.

Chapter 4 covered the development of potential inhibitors focusing on the 5-methyl-3-aryl-1H-
pyrazole scaffold. While there have been plenty of heterocycles covered in literature that act
as bromodomain inhibitors, especially those among the first to be reported as potent and
selective, there has been no evidence of this particular scaffold being used as a mimetic. Here,
we sought to elaborate on this compound through the generation of a “poised fragment” library
that was realised through a simple synthetic scheme that was easily adjustable to include the
attachment and removal of a protecting group for certain labile functional groups. Two
compounds of this series, 3h and 3s, showed promising inhibitory activity against BRD4 BD1

and good ligand efficiency. An X-ray crystal structure of 3h revealed a flipped pose in that the
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dimethylphenol moiety fit in the bromodomain binding pocket, showing preference as the K-
ac mimetic over the pyrazole. If the 5-methyl-3-aryl-1H-pyrazole scaffold is to be validated as
a mimetic, more crystal structures will need to be developed. Either way, the aryl-pyrazole
scaffold has shown potential to be a viable fragment in bromodomain inhibitor design, while
the serendipitous discovery of the dimethylphenol scaffold has given a second exploitable

scaffold.

A major limitation to this project is that there are 61 bromodomains, but every compound was
tested on a single bromodomain: BRD4 BD1. While restrictive, the results should encourage
the application of these mimetics and methods on other bromodomains, particularly outside the
BET family. However, if efforts for optimization on these lead compounds were to take place,
it would be necessary for successive compounds to be tested for selectivity in assays that cover
multiple bromodomains, as well as other biological activities. One example is the

downregulation of Myc, which has been well-connected to BRD4 inhibition in cancer models.

In summary, we have laid the groundwork for the use of two fragments for bromodomain
inhibition using various techniques of fragment elaboration. The lead compounds generated in
this project, together with the X-ray crystal structures, will undoubtedly go a long way in
assisting with the development of inhibitors with high affinity and selectivity. Additionally, we
believe that these techniques can be carried through to other bromodomains, especially those
that have been predicted to be difficult to drug. Lastly, this work should encourage the pursuit

of other innovative fragment-based drug design methods to identify novel fragments.
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Appendices

Appendix A — Video of Bromodomain Structure

Video provided on USB.

Video to be uploaded in the near-future.

PDB code provided in video. Video edited and narrated by Joseph Hilton-Proctor.
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Appendix B — Video of NMP Bound to VVarious Bromodomains

Video provided on USB.
Video to be uploaded in the near-future.

PDB codes provided in video. Video edited and narrated by Joseph Hilton-Proctor.
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Appendix C — Dose Response Curves of Olinone Analogues

Dose Response Curves of Olinone
Analogues Against BRD4 BD1
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Figure S1. Dose-response curves to determine the ICso of Olinone-based analogues 17 and 18.

Curve fits were calculated using GraphPad Prism. Experiments were performed in duplicates.
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Appendix D — Video of Olinone-based Derivatives

Video provided on USB.

Video to be uploaded in the near-future.

PDB code of Olinone provided in video. Crystal structures of 17 and 18 developed by Dr. lan

Jennings and Dr. Olga llyichova. Video edited and narrated by Joseph Hilton-Proctor.
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Appendix E — Electron Density Map of NMP Derivatives

Figure S1. Electron density maps of NMP derivatives. [A, B] (R)-10 (yellow, resolution: 1.3
A). [C, D] (R)-17 (warm pink, resolution: 1.59 A). [E, F] (R)-18 (pale yellow, resolution: 1.21
A). [A, C, E] Binding site. [B, D, F] Top-down view of functional groups. The 2Fo-Fc electron
density maps are shown in blue mesh at a contour level of 1.0 sigma. Electron density maps
developed by Dr. Olga Ilyichova.
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Appendix F — Chapter 2 NMR Data

Compound 2 (1H)

Methyl 1-methyl-5-oxo0-3-pyrrolidine carboxylate

TH NMR (400 MHz, CDCly) & 3.71 (s, 3H), 3.58 (ddd, J=22.8, 14.4,
82 Hz, 2H), 3.27—3.16 (m, 1H), 2.82 (s, 3H), 2.73 — 2.57 (m, 2H).
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Compound 2 (13C)
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4-(Hydroxymethyl)-1-methylpyrrolidin-2-one S AR VAR 3r_,ufﬂ_v_; zf_._“ ki bkl it Sulhdih Bl it uh |
'H NMR (400 MHz, MeOD) 6 3.58 = 347 (m, 3H), 3.26 15000
(dd,J=10.1,52 Hz, 1H), 2.61 — 2.44 (m, 2H), 2.19 (dd, J . .
=165, 54 Hz, 1H). ‘ | 14000
O_.._m 7 L
o f 13000
7 ﬁ._f\\ ./._ | { F
\— o 1 F12000
2y | | _ L
A\ | | | _1
s—0H P! / ! 11000
]
~10000
9000
D (m) B (m) I
3.53 253 =
C (dd) A (dd) .
3.26 2.19 L7000
HH o H |
6000
5000
| 14000
~3000
~2000
! Iy i
: _ ~1000
L A ! ! _ Lo
o T [ I
3 3 g 8 --1000
(4] — ~ —
[ T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T 1
7.0 6.5 6.0 55 5.0 4.5 4.0 35 3.0 2.5 2.0 1.5 1.0 0.5 0.0

10.0 9.5 9.0 8.5 8.0 7.5

1 (ppm)
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Compound 3 {13C) 8 3 2 EE®
4-(Hydroxymethyl)-1-methypyrrolidin-2-one T 3 $ea
_ =
B30 NMR (101 MHz, MeOD) 8 176.68 (s), 64.88 (s), 53.39
(), 3477 (s), 3437 (), 29.78 (). I
C
P
OSSN,
/
T3
N\
s—OH
9
B (s)
34.77
E (s) Di(s) || | C|(s) A(s)
Huﬂ.mm 64.88 53.3 29.78
]
Fi(s)
34.37
[ T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T
210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10

1 (ppm)
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Compound 4 (1H)

(1-methyl-5-oxopyrrolidin-3-yl)methyl methanesulfonate

TH NMR (400 MHz, CDCl3) 3 4.16 (qd,./ = 10.0, 6.8 Hz, 2H),

3.51 (dd,J = 102, 82 Hz 1H), 321 (dd, /= 102,52 Hz,

1H), 3.01 (s, 3H), 2,85 — 2.73 (m, 4H), 2,53 (dd. J = 17.1,9.4
Hz, 1H), 2,16 (dd,J = 17.1, 62 Hz, 1H).

r4.21
449
-4.18
447
4.16
414
413

j—_
Kﬁ

L4.11

ST

351
351
349

¥

323

i

322
=321

\L3.19
L3001

AY

L2.80
253
319
218
2.15
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m
=
o
pa O

.78

B (dd)
2.16

G (qd)
4.16

F(dd)

Dl(s)
301

A (dd)

HH

H

3.9
i1l .
1,007

H

1081

10.0

9.5

9.0

8.5

8.0

7.5

7.0

6.5

T E T E T E T E T
6.0 5.5 5.0
1 (ppm)
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Compound 4 (13C) S o (] TN @O
(1-methyl-5-oxopyrrolidin-3-yl)&iethyl methanesulfonate g = R PEEs
BCNMR (101 MHz CDCl) & 172075 (5), 70.42 (s), 51.43 _ [N
(53, 37.54 (), 33.27 (5 ), 3073 (5), 29.60(s). 1
CH,
e 1
N
@uﬁﬁ_\\\uth
! )
——j7 I
\
5
/ |
2 o
E
/m\_r_
oZ 1t l G (s)
n | CHy 37.54
) E (s)
i 29.60
Dl(s) d(s) B|(s) Al(s)
17R.75 70.42 51.43 33.27
T T 7
Fl{s)
30,73
[ T T T T T T T T T T T T T T T T T T T T T T T T T
200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
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Compound 10 (1H) GRERT E5IRFTEEFEEE
Methyl 2-(1-methyl-5-oxopyrrolidin-3-yl)acetate TORTS tTopesys e
TH NMR (400 MHz CDCly) 6 3.67 (5. 3H), 3.57 (dd. ./ — R Gl (e L
10.0, 7.9 Hz, 1H), 306 (dd, J = 10.0, 6.0 Hz, 1H), 2.85— -
2.68 (m, 4H), 2.58 (dd, /=168 9.0 Hz 1H),2.53 - 238 P H3 /
(m, 2H), 2.08 (dd, J = 16.8, 7.0 Hz, 1H). 7___ /
QJA A5\ i
| 3
L/ o ,
£T——3 [
N _.
9——10 | i f _ f
o= ] _ﬁ o
8 |12 _ / rf I
Gi(s) B (m)
367 2.46
F(dd)| | E(dd)||C(dd) [[A (dd)
3.57 3.06 2.58 2.08
I [ S ==
g (m)
p.75
|
| |
i
Hi
it
(AL i r[_ | (Y]
! T
838 & 83 8
~ — (=1 o= —

10.0 9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0
1 (ppm)




Compound 10 (13C) 28 N
Methyl m.ﬁ-s,_mﬁ:{_.m.cxc?im_m_._-w.g._umnmnmﬁm m M W M m W
13C NMR (101 MHz, CDCls) 3 175.68 (s), 17220 (s), 54.80 [ ] Y
(s), 51.86 (s), 38.7915), 37.06 (5), 29.62 (5), 27.94 (s).
E(s) c(s) Al(s) || H (s)
173.68 54.80 BY.06 || 27.94
D(s) F(s) B|(5) || G (s)
17R2.20 51.86 38.79 | 29.62
_ [ T
e s
[ T T T T T T T T T T T T T T T T T T T T T T T T T T
200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10

210

1 (ppm)

2500

2000
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Compound 11 (1H)

4-(2-hydroxyethyl)-1-methylpyrrolidin-2-one

TH NMR (400 MHz, CDCl) § 3.72 — 3.58 (m, 2H), 3.49 (dd..J
=97, 8.1 Hz, 1H), 3.07 (dd, J = 9.7. 6.7 Hz, 1H), 2.80 (s, 3H),

2.58—2.25 (m, 3H), 2.13— 2.01 (m, 1H), 1.76— 1.6 (m, 2H),

r3.70
F3.69
-3.68
-3.67
-3.67
-3.66
-3.65

365

-3.64
-3.63
r362
r3.61

~3.51
349
349
347

/
G

E (dd)
3.49

Gl(s)
2(80

B (m)
1.69

F(m)| |D (dd)

C(m)
2.50

A(m)
2.07

M=

:

10.0

9.5

T
9.0

T
8.5

T
8.0

T
7.5

T
7.0

T
6.5

T
6.0

T
5.5

5.0
1 (ppm)

T
4.5

~ 1.02{
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Compound 11 (13C) 2 d4 2 T 4000
4-(2-hydroxyethyl)-1-methylpgrrolidin-2-one | p mm s I
I3C NMR (101 MHz, CDCls) & 174.65 (s), 60.71 (5), 55.48 (s), _ NS
3751 (5), 3749(5), 2968 (), 28.79 (5. { 3500
3000
2500
2000
1500
a(s) E(s) |
60.71 29.68 1000
D (s) B|(s) Al(s) || F(s) i
174.65 55.48 37.51( 28.79
T T 500
[ Gl (s) I
_ 37.49
bpsrom e : A A oAbt et b i | et ey )
=500
~-1000
F-1500
~-2000
F-2500
[ T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T 1
210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0

1 (ppm)
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Compound 12 (1H) AANNASAJASARRR 253380 SRE888RanaaERER
2-(1-methyl-5-oxopyrrolidin-3-yl)ethyl methanesulfonate TIITITY TS T _,.Pﬁm_v_; H%H.n, _.,_\.z\m,zf_.ﬂ PN TS I T T T T r
I NMR (400 MHz CDCly) § 431 —4.18 (m 2H), 3.53 (dd./ M 26000
=9.7,8.0 Hz, 1H), 3.07 (dd, J = 9.7, 6.6 Hz, 1H), 3.01 (s, 3H), CH, I
2.82(s, 3H), 2.61 — 2.47 (m, 2H), 2.14 — 2,03 (m, 1H), 1.94 - 6 f
1.86 (m, 2H). 24000
3 EYPE N |
\ \._ [ [ ___
p— __ [ | 22000
\ | _ I
18—14 m _ __ __ | __.\ |
N | | ! .. 120000
O—S—CHy __ __ J I
8 g 1" I I b fol F
o 18000
10
16000
Cl(s) G (m) I
3101 1.90 14000
H (m) A (dd) | B (dd)| |E (m) || F (m) -
4.25 3,53 | 3.07 2.55 2.09 | 12000
[ H = =]
Di(s) I
2182 10000
8000
6000
4000
! |
| 2000
il E E _&, i _s I
I L _
1 i
b T M, Ho i I
8 g 883 & &3 5000
[ T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T 1
10.0 9.5 9.0 8.5 8.0 75 7.0 6.5 6.0 5.5 5.0 4.5 4.0 35 3.0 2.5 2.0 1.5 1.0 0.5 0.0

1 (ppm)
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Compound 12 (13C)

Ix)

P 2 & 21888
2-(1-methyl-5-oxopyrrolidin-3-§)ethyl methanesulfonate w m 5 Ryas
I3C NMR (101 MHz, CDCls) 3 173.72 (s), 67.73 (5). 54.82 (s), _ AR Y
37.60(s), 37.13 (s), 34.08 (s), 29.67 (s), 28.60 (s). | |
[ G (s)
29.67
Bi(sh | H(s)
37.1B | 28.60
Ei(s) (s) d(s) Al(s)
173.72 67.73 54.82 34.08
Fl(s)
37.60
[ T T T T T T T T T T T T T T T T T T T T T T T T T T
200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10

210
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Compound 17 (1H) RRNSS A28 75 99 RRE BB §58 RRWI94
m-QH-EmHE,_-m.conqB_u—méE_uﬂmwmﬁ 4f \4 ,NM,JM. v; mvs\z kz\_.,zf_.__,._\z\u b
TH NMR (400 MHz CDCL) § 8.23 — 8.18 (m, 1H), 7.33 — 7.26 (m, I
3H), 5.53 (brs, 1H), 4.14 (d,.J = 8.0 Hz, 2H), 3.70(t, J = 6.9 Hz, 2H), CHy f
3.38(dd, /=102, 7.2 Hz, 1H), 3.12— 2,92 (m, 4H), 2.85 (s, 3H), .57 8 / Loooo
dd,J=17.1,83 Hz, 1H), 2.18 (dd, J = 16.9, 4.8 Hz, 1H). . o
( ). ) _n_.uunff \_w_/ \\._o - [
| 4_,, * 7 \ _ .
1 (1) I
. \ 1} 14 ] | _
_ 2= s i \ { _ __ 8000
/ \ 12 | _ | i f
_\ _ u|_hz _ __ | ! __ ( ! I
| I8N =1 | | | / /
/ / / uﬂu\x N, =9 I J J e
i
._M__w/ /
.E..\HI
6000
F (dd) H|(s) J (dd) |
3.38 2|85 2.18
A(m) B (m) C (brs) D()||E® G (m) || T (dd) 5000
8.20 7.29 553 4.14 || 3.70 307 || 2.57 |
= = — = HH 8 = H
4000
3000
1 12000
| |
I _ |
| | 1 1000
| I I
it I [
_ ! | é __ I\ _ |
— A(Ilh \ | |\___f .IL_ L e Ny, N / .fi[l\:.[i L S R E——— -0
ap 1L e 1 | PSSy il S Ly (S L
& 2 a & 8 |8 88 = 2
[=] =~ — — — — o e~ — —
T

T
10.0 9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0
1 (ppm)
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Compound 17 (13C)

3
i

5 & S = R 233 9
m-QH.3mﬂ:ﬁ-m.oxcu«_ﬁo__a__:.w-éamn:{:.wbHA..m-qu_:{aa.:._.nﬁ_acﬁmmwm__:ac_.Tm:m Gl 8 g uEdg a
a2 |
BCNMR (101 MHz, CDCL) & 123.13 (s), 122.58 (5), 121.62 (s), S _ N _
109.38 (5), 52.20 (), 46.74 (5), 40.79 (s), 35.19 (5), 32.21 (s), 29.91
(5), 248 (s). CHa

N 16

nﬁuax\\u//a ;\“V
\ \
—3 13
N A—12
u|||Z/ _
]
_unuu._._/ =0
{ 297"
| ]
18 /
~ _-NH
19 20

H (s) D (s) K (s)

121162 46.74 29.91

G(s) L(s) E()| [C(s)|1(s) ||A(s)

122.58 109.38 52.20| {40.79|32.21||22.48

11 | 1 1 1 1| H

F(s) B (s)

123.13 35.19

| |
I I

I I

[ T T T T T T T T T T T T T T T T T T T T T T T T T
200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
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Compound 18 (1H) NRRSS22 SEmNeTENNgE REL9Y §5SS3RR0SRARANRENER RS 66 g 20000
5-(2-(1-methyl-5-oxopyr Pt % rghydro-1H-pyrido[4,3-Bfindol-1-omeT T I XY TTT 7T 90 000 YT Y PG g giqigiqig 7 p il
(2( Y! U{B@@hﬂ ..w‘.ulr(w\ Y -pyrido[; cﬂ_ e o S A 9 O WY S Y B S B | 19000
_ I
"H NMR (400 MHz, CDCE) § 824 - 818 (m, TH), 7.33 - [ ~18000
7.24 (m, 3H), 5.68 (brs, 1H), 421 4.05 (m, NELQ._ ___ i
{td, J= 6.8, 1.9 Hz, 2H), 3.46 (dd, J=9.7, 8.1 Hz, 1H), I _ ~17000
3.05—2.97 (m, 3H), 2.82 (s, 3H), 2.59 (dd, J = 16.5, 8. 15 \ ) __
Hz, TH), 242 — 228 (m, [H), 2.14(dd, J= 165, 7.2 { i __ 16000
1H), 2.07 - 1.86 (m, 3H). 12 7 r
) (m, 3H) = 15000
_ﬁ Imm/ | —4 23——N _ | _ [ _ | s
| _ I R - P 14000
J J AT i 2= ) J f i
J =T 5
2, i / -13000
O /._m\\7..__._ i
- -12000
111000
F(dd)| ||H(s) K (dd) I
A (m) cl(m) B (br s) D (m) || E (td) G(m 3 (m) i
8.20 7127 5.68 4.14 || 3.69 3.00 2.35 Eo
H i [ — H H H H T Fie—d
1@d)| [L(m) 8000
2.59 1.96 000
6000
5000
4000
_ 3000
2000
| ___ __ _ L
_ g A, E _ 1000
| | L
\ — /\ s S _,I.. _rIL. ! S N N W NS S ID
. i e R | it N
8 i 3 EEEED 1000
— e} o e e e e R r
[ E T E T E T E T E T E T E T E T E T E T E T E T E T E T E T T E T E T E T 1
70 65 60 55 50 45 40 35 30 25 20 15 1.0 05 0.0

10.0 9.5 9.0 8.5 8.0 7.5

1 (ppm)
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Compoung 18 (13C) 4 GREE ] n LR Hm o
5-(2-(1- :@51 5+ oxou_‘ic_a_:& 1;@:{: -2,3,4,5- ﬁmﬂmwﬁn__.o 5_ pyri ﬁﬂ@ﬂﬂ indol-1-@ng m g = m m_m m
Bc zzf_:: MHz, CDCL:) & :m_% HL. 166.93 (s), _ _ ARl H VA
143.82(s), 136.54 (s), 125.67(s), 12272 (s), 12217 (s},
12144 (s), 10920 (s), 106.18 (s), 55.05 (s), 41.98 (5), 40.69
(50,3721 (s), 35.14(5), 29.71 (5), 29.18 (), 22.18 (s).
N
B Z\\a/
: .
R
0 F(s) K(s)
T 35.14 |
N (s) P (s) ! (s) Ci(s) 1(s) Al(s)
166.93 136.54 1144 | (10p.20 40.69| |29.18
M (s) 0(s) Q( R (s) G(s) H (s) L (s)
173.49 143.82 125. 106.18 55.05 41.98 22.18
H ] H ] [ 1 [ H 1 1
H[s) J(s)
13p.17 37.21
Bi(s)
29.71
I
I
[ T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T
210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10

1 (ppm)
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Appendix G — Chapter 2 X-ray Crystallographic Data Collection and

Refinement Statistics

Compound Title 10
Resolution range 21.24 - 1.3 (1.346 - 1.3)
Space group P212121
Unit cell 37.6997 44.1299 78.3898 90 90 90
Total reflections 63844 (6189)
Unique reflections 31993 (3105)
Multiplicity 2.0 (2.0)
Completeness (%) 97.15 (95.89)
Mean I/sigma(l) 21.77 (5.06)
Wilson B-factor 7.74
R-merge 0.01997 (0.1354)
R-meas 0.02824 (0.1915)
R-pim 0.01997 (0.1354)
CC1/2 1 (0.949)
CC* 1 (0.987)
Reflections used in refinement 31982 (3105)
Reflections used for R-free 1590 (159)
R-work 0.1670 (0.1831)
R-free 0.1873 (0.1937)
CC(work) 0.964 (0.926)
CC(free) 0.956 (0.892)
Number of non-hydrogen atoms 1441
macromolecules 1167
ligands 12
solvent 262
Protein residues 126
RMS(bonds) 0.007
RMS(angles) 0.90
Ramachandran favoured (%) 99.19
Ramachandran allowed (%) 0.81
Ramachandran outliers (%) 0.00
Rotamer outliers (%) 2.99
Clashscore 6.73
Average B-factor 13.17
macromolecules 10.72
ligands 16.01
solvent 23.98
Number of TLS groups 10

Statistics for the highest-resolution shell are shown in parentheses.
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Compound Title

17

Resolution range

38.72 - 1.59 (1.647 - 1.59)

Space group P212121
Unit cell 42.614 52.008 58 90 90 90
Total reflections 35755 (3484)
Unique reflections 17904 (1752)
Multiplicity 2.0 (2.0)
Completeness (%) 99.85 (99.55)
Mean I/sigma(l) 41.01 (10.22)
Wilson B-factor 13.03
R-merge 0.01121 (0.06453)
R-meas 0.01586 (0.09125)
R-pim 0.01121 (0.06453)
CC1/2 1 (0.988)
CC* 1 (0.997)
Reflections used in refinement 17893 (1752)
Reflections used for R-free 912 (95)
R-work 0.1985 (0.1904)
R-free 0.2319 (0.2321)
CC(work) 0.954 (0.921)
CC(free) 0.935 (0.863)
Number of non-hydrogen atoms 1312
macromolecules 1085
ligands 22
solvent 205
Protein residues 124
RMS(bonds) 0.007
RMS(angles) 0.87
Ramachandran favoured (%) 98.35
Ramachandran allowed (%) 1.65
Ramachandran outliers (%) 0.00
Rotamer outliers (%) 0.82
Clashscore 2.72
Average B-factor 20.52
macromolecules 19.04
ligands 13.23
solvent 29.10
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Compound Title 18
Resolution range 38.5-1.212(1.25-1.212)
Space group P212121
Unit cell 37.944 44,141 78.697 90 90 90
Total reflections 81396 (7769)
Unique reflections 40779 (3921)
Multiplicity 2.0 (2.0)
Completeness (%) 99.52 (97.20)
Mean I/sigma(l) 18.32 (3.15)
Wilson B-factor 12.06
R-merge 0.01823 (0.248)
R-meas 0.02578 (0.3507)
R-pim 0.01823 (0.248)
CC1/2 1 (0.848)
CC* 1 (0.958)
Reflections used in refinement 40709 (3920)
Reflections used for R-free 1995 (208)
R-work 0.1673 (0.2516)
R-free 0.1799 (0.2476)
CC(work) 0.973 (0.870)
CC(free) 0.965 (0.837)
Number of non-hydrogen atoms 1426
macromolecules 1141
ligands 24
solvent 261
Protein residues 127
RMS(bonds) 0.006
RMS(angles) 0.87
Ramachandran favoured (%) 99.20
Ramachandran allowed (%) 0.80
Ramachandran outliers (%) 0.00
Rotamer outliers (%) 1.55
Clashscore 1.72
Average B-factor 17.78
macromolecules 15.23
ligands 12.77
solvent 29.37
Number of TLS groups 7
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Appendix H — Chapter 3 Lipophilic Ligand Efficiency Plot Graphs

0 1 2 3 4
cLogP

Figure S1. Plot and correlation of the affinity of sulfonamides 7a-7n, halides 8 and 9, and biaryl
derivatives 10 and 11 vs cLogP values of the compounds. ¢ Sulfonamides. 4 Halides and

biaryl compounds. == Line of best fit. cLogP values were calculated with ChemDraw 17.0.

5 ] 67/ 67’\ 0
- 2
VW W \/\,6
15c
4 - A
67/
. @ 15b W
o
L0
O
= 3 -
(@)
(@]
T [ 15a
2 i
1
2

cLogP

Figure S2. Plot and correlation of the affinity of cross-coupled products 14a-14b and 15a-15d

vs cLogP values of the compounds. ¢ Heck/hydrogenation compounds. = Suzuki compounds.

— Line of best fit. cLogP values were calculated with ChemDraw 17.0.
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Appendix | — Dose Response Curves of Phenyl NMP Derivatives

Dose Response Curves of Lead
Compounds Against BRD4 BD1

100+
' -~ 15c
8 § - (S)'lSC
oS R)-15¢
<t *? 50- R)
Q=
@ = '
0 g
O-

107 10 105 104  10° 102
[Compound] (M)

Figure S1. Dose-response curves to determine the 1Cso of the lead compound 15¢ and the pure
enantiomers. Curve fits were calculated using GraphPad Prism. Experiments were performed

in duplicates.
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Appendix J — Video of Phenyl NMP Derivatives

Video provided on USB.
Video to be uploaded in the near-future.

Crystal structures of 5, 7b, 7h and 15c developed by Dr. lan Jennings and Dr. Olga Ilyichova.

Video edited and narrated by Joseph Hilton-Proctor.
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Appendix K — Electron Density Map of NMP Derivatives
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Asnl140

Figure S1. Electron density maps of phenyl NMP derivatives. [A, B] (R)-5 (purple, resolution:
1.5 A). [C, D] (R)-7b (raspberry, resolution: 1.55 A). [E, F] (R)-7h (orange, resolution: 1.59
A). [G, H] (S)-15¢ (cyan, resolution: 1.48 A). [A, C, E, G] Binding site. [B, D, F, H] Outside
the binding site. The 2Fo-Fc electron density maps are shown in blue mesh at a contour level

of 1.0 sigma. Electron density maps developed by Dr. Olga Ilyichova.
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Appendix L — Chapter 3 NMR Data

(Compound 5 (1H) RAS S RN INANS G AR NANNAY REKERQGBRRRITSRABIIRBANY .
yl-4-phenylpy: DA AhEHENE: e et 1 S L Ny L [ g [
TH NMR (400 MHz, CDCl5) & 7.37 — 7.31 (m, 2H), 7.29— 7.20 (m, 3H), I
3.75(dd, J =9.6, 8.3 Hz, 1H), 3.58 (dt,J = 169, 84 Hz, 1H), 3.41 (dd,.J =
9.6, 7.0 Hz, 1H), 2.91 (s, 3H), 2.82 (dd, J=16.9,9.1 :N__E, 2.55(dd,J= L5500
16.9, 8.3 Hz, 1H). _ I
_ H.C o L
_ 7 BTN Al 3000
|
[ N—s (A . .
] " /m iy [/ 4500
__ ___ /_\\ __ ﬁ__ _._ ___ _L
B L.
_\ //ﬂu 4000
s 13500
H (m) 3 E (dt) B (dd)
7.25 3.58 2.82 -
G (m) D (dd) A(dd) 3000
7.34 3.41 2.55 I
HH H TH = H
F (dd) cl(s) 2500
3.75 291 I
2000
> ~1500
_ .
|
| f ~1000
_ .
| |
_ | o -500
i 5 I 5
1lif1
\ Ei __ ‘l»LLx pelle | A Fo
ity ]y = it r
88 8&%5 B3 &
—~d — O ~NO =3 ||mDD
[ T T T T T E T T E T T E T E T E T E T E T E T E T T T T 1
100 95 9.0 8.5 8.0 75 7.0 6.5 6.0 5.5 5.0 45 4.0 35 3.0 25 2.0 1.5 1.0 0.5 0.0
f1 (ppm)
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Compound 5 (13C) =

=1

1-methyl-4-phenyl Bﬁd__n__:.m@:m

4
-]
e
=]
—

BCNMR (101 MHz, CDCl;) & 1711 (s), 142.64 (s), 129.02 (s)]
127.21 (5), 126.85 (s), 56.85 (s, 38.92(5), 37.301(5), 29.74(s).

F(s)
174.11

G(s)
142.64

o
SN 2 e
&R S = 2 g
§ _ b/ _
H,C \o
125, 13
N—s
A\
1" 8
N
&
el
A
pl(s) & B(s)
12721 37.30|
ds) H(s) 1) | AS)
126.85 56.85 38.82 || 29.74
H HT 1
E(§)
12p[p2 * __

210 200 190 180 170

160 150 140

130 120 110 100 90 80 70 60 50 40 30
1 (ppm)

20

10
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(Compound 7a (1h) BT %8 BRRREBTYBRIABRIYST EWMATS 2a%
N, N-diethyl-4-(1-methyl-5-oxopyrrolidif-3yl nesulfonamide mofanasadanandana  gohicide i
1] i A ¥ Py Wﬁ {v—uﬂ.Wm _|_I_|_Iri,rn|_.|.nn_.-..f__1f"._\_ _\1\__/3_\.\_ _/__\
TH NMR (400 MHz, CDCls) & 7.75 (d, J = 8.4 Hz, 2H), 7.33 (d, /= 8.2 Hz, 2H), _._u_o_/ \m
377(dd, J=9.7, 83 Hz, 1H),3.67— 3.57 (m, 1H),3.39 (dd, /= 9.8, 6.5 Hz, 1H), TN—
3.21(q, J=7.2 Hz, 4H), 2.90 (s, 3H), 2.83 (dd, /= 169, 9.2 Hz, 1H), 2.50 (dd, o\
=169, 7.7 Hz, 1H), 111 (t,.J = 7.1 Hz, 6H).
) :./ x\a _.
h _ 12000
_ _ N ﬁ i
| | I PRDIEDIS T WP 11000
| __ o~ I g { J |
| 10000
0=8=0 I
114 __L 16
N 9000
18 -] L
| _ D (dd)| | 8 (dd)
CHy  CH, 339 || 283 -8000
19 21 F
H(@)]|1(d) Em|c@|| |A(dd) q@ 000
775 || 7.33 3.62 | 3.21 2.50 11
A H HEL H 1Y =] F r
F (dd) Is) 6000
3.77 290 I
5000
4000
: 3000
2000
1000
JiTENTY, A ad Ly Lo
f i I I
R 2 = ~-1000
- — =3
[ T T T T T T T T T T T T T T T T T T T T T T T T T T T 1
100 95 90 85 80 75 70 65 60 55 50 45 40 35 30 25 20 1.5 1.0 05 0.0

1 (ppm)
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Compound 7a (13C) b o g - n o o~ = r
N,N-diethyl-4-(1-methyl-5- oxom.x:o_a_: -3 EEm:Nmzmmc_ﬁo:ﬁ:_n_m NR & % g8 & ¢
_umzzx:E MHz, CDCls) 8 17334 (5), 14740(5), 13933 (s), 13].74 _ I _ 5000
(), 12748 (s), 56.25 (s), 42.19 (s), 38.62 (s), 36.99 (), 29.72 (s), 1431 Imm) \\\m
(s). N—¢ L
L 4000
Tt B I
N,
]
4__\ s 13000
N//.r.\\\.. L
_ 2000
O0—8—0
17 fa 16 |
.__.ﬁ\_v“_‘,f,.m_... ! ~1000
H(s) || E|(s) | | K (s)
13033| |1§.74|  CH,  CHy 38.62 I
19 21
F (s) G (s) ||C4 (&) _ . 1(s) 1(s)| [Bls) Al(s)
T/E3% p%ﬁc A 12798 SHS CY ) T 43T 0
1 1 1
ﬂ C (s) |
16.99 1000
~-2000
~-3000
~-4000
F-5000
[ T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T 1
210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0

1 (ppm)
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Wéﬂ%ﬁumai ey — _*h& xﬁa N ERRRCEECRTEAh Ao ATECcERLRTSRRmARA ~13000
-me ed-(4- mm—m_—._ulm_.._oq._ _m_.._ruc_.._m B Rt A Rt A R B B A R I S B B e B B R R R R e e B e e e o B e
yl-4-(4-(pip y yDPhengipRri e P A VI V2RIV DN Wy I
'HNMR (400 MHz, CDCL)§ 7.68 4,/ =84 Hz 2H), 735 (. /=82 Hz 20,377 2N | /% ! 12000
(dd,J=9.7, 8.3 Hz 1H), 3.63 (dt,J = 16.0, 8.2 Hz, 1H), 3.39 (dd,J = 9.8, 6.5 Hz, 0\ _ (
1H), 2.98— 2.91 (m, 4H), 2.88 (s, 3H), 2,82 (dd, J = 169, 9.2 Hz, 1H), 249 (dd, J = - A _ _ I
16.8, 7.8 Hz, 1H), 1.66— 1.55 (m. 4H), 144 — 1.34 (m 2H). z/a\\\ _ | | 11000
P f .
B 1 TN i % | 10000
{1 _ n_¢ [ (] "y W | __ -
| ~ (1] [ I 1]
| ﬂ 4 ) f — 9000
0O=—s8— I
1w .__L 16 | 8000
\.__m,,x
18 = 20 -
7.35 T 1.39 I
I (d) D (m) L
7.68 1.60 6000
H H I H r
5000
4000
3000
2000
1l | | I
| i I
i i 1000
i _ _ E \ I
| i
_r-._LrC_ B.LY _ . ._‘;/{ s _rr\— _rrrr| o
T H R | i g i
SIS 888 2838 8 g8
— — o ™ Ll - F-1000

[ E T E T E T E T E T E T E T E T E T E T E T E T E T E T
10.0 9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0
1 (ppm)
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Compound 7b (13C) 3 z 2 KAe - . o g
1-methyl-4-(4-(piperidin-1-ylsufonyl)phenyl)pyrrolidig-2-one & &K g ¢ @e o6g
, " i L ML HaC 6 4 :
3CNMR (101 MHz, CDCL:) & :LEE. 147.69 (s), am;_:&, smb_i. 4 12y, Ak | \/ Y
12740 (s), 56:11 (), 4693 (5), 38.57 (s), 3696 (5, 29:66 (s), 25.18(s), 2347 (). w_|u/
11 8
7
5]
i
)
0=—5=—0
17 .__.._ 16
AN~
18 i
I'(s) 19 k_a Di(s) | K(s) B|(s)
128.33 T 44.93| | 36.96 | | 25.18
H (s) Gl(s) Fi(s) E|(s) (s) Al (s)
173,24 147.68 wapw_ mp 11 47
] [ H __ ] i 1 L1
Jl(s) Li(s)
127.40 29.66
[ T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T
200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10

210

1 (ppm)
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(Compound 7c (1H) 25 A BERRER CREARR GRAIARER .
1-methyl-4-(4-(morpholinosulfonyl)pheriyl idin-2-one TeeaT TRy Ggggongag
Vi (H(merp YIRhemOPIN o WA 12000
'H NMR (400 MHz, CDCl;) & 7.68 (d,.J = 8.4 Hz, 2H), 7.38 (d, J = 8.2 Hz, 2H), HC N \w |
3.77(dd, J=9.7, 83 Hz, 1H), 3.74 — 3.57 (m, 5H), 3.38 (dd, /= 9.8, 6.5 Hz, T N—” I
1H), 3.01—2.91 (m, 4H), 2.88 (s, 3H), 2,83 (dd, ./ = 16.9, 9.2 Hz, 1H), 2.49(dd, RN 11000
J=16.8,7.6 Hz, 1H). _
e N, | ( .
! ! 10000
. T XN | | .
[ ] I !
- | j / iy 9000
| | ~. 7 J \__ ) i
o=8— 8000
17 .__L 16 |
AN,
18 = 20 IHDDO
H (d) | | D (dd) | | 8 (dd)
7.38 N 3.38 .83 i
0 L6000
G (d) 2 E (m) C () || A (dd)
7.68 3.66 2.95 || 2.49 I
H [ H = H = [
F (dd) 1((s) -5000
3.77 2188 I
4000
~3000
i 2000
_ I
YR ~1000
,& | I
|
* J | A
L;.__c. AL WS, NEVANY Lo
by T T s i
R 32 & &R& 8
— - — f=1 o — — Iu_.DDD
[ E T E T T T E T E T E T E T E E T E T E T E T
10.0 95 9.0 8.5 8.0 7.5 7.0 6.5 5.5 5.0 3.5 3.0 2.5 2.0 0.0

1 (ppm)
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Compound 7c (13C) = e 8 B 2 - =T R
1-methyl-4-(4-(morpholinosulfghyl)phenyl)pyrroliding2-one 8 88 4 s _m, B &
B3C NMR (101 MHz, CDCL) 5 17318 (s), 14833 (s), 133.92 (s), 128.56 (), 137.6 HaC o _ WA
(s), 66.08 (s), 56.11 (s), 45.97 (s), 38.50 (s), 36.98 (), 29.67 (s). :/z 4
—
L
_._z/ﬁ\h
-
N/u\.ﬁ
O=8S=—
17 .__L 16
\._7”_,./..
18 & 20
H (s) _ _ Bl(s) | K ()
128.56 N 43.97 | 36.98
G(s) Fl(s) El(s) 2 D|(s) ||| C[(s) Als) | I(s)
HMW.Hm Hk—m.u_u 133.92 E 66.08 || 5¢.11 34$.50 | 29.67
1 T T :
1))
18761
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Compound 7d (1H) M%mw?yxinmmwﬁﬁﬂ PR RRAALEY GRE% FANAERANIARE 7000
1-methyl-4-(4-((4-phenylpiperidin-1-yl Iiglif-2opér T T T T T T 1130 GRG0 G Gl G GRS G| T I o G e S ) el ey 3
yl-4-(4-((4-phenylpipe: _.__.uﬂ_m‘a.:/_ e L L S N N A
'HNMR (400 MHy, CDCh) 3 7.76 d. /=84 He, 2H), 740 (d. J =82 Hz 2H), | |, o | 6500
733 7.25(m 2H), 7.23 - 717 (m 1H), 7.17— 7.11 (m, 2H), 3.93 (d, J= 1.6 Hz, 3oy, i I
2H), 3.81(dd, /= 9.7, 83 Hz, 1H), 3.73 - 3.60 (m, 1H), 343(dd, /=97, 6.5 Hz, N—% __ [
1H), 2.93 (s, 3H), 2.87 (dd, J = 169, 9.2 Hz, 1H), 2.54 (dd, J = 16.9, 7.7 Hz, 1H), i\ ]
249 2.32 (m, 3H), 1.93— 1.76 (m, 4H), (N~ ( | s
_ \ i __ L5500
N P __ ___ _ |
| f _____ .___ Ty ___ x _.__. ; .-_q qx_ ___ __ 000
f | J I/ |
_ 5_ ) N J 1) [ I / 3
ﬂ 4500
M (m) S .
7.13 ! L4000
e
K (m) 17 15 op F (m) o (dd) || B (m) .
7.28 _ 3.67 .87 || 239 e
._uzrf.. \\r._
1(d) [3 (@) 2 H(d) | |E (dd) A (dd) C (m) !
7.76 | 7.40 _ 3.93 | | 3.43 2.54 1.83 2000
M A B HE= M i —
L (m) %7 T G (dd) N (s) .
7.20 _ 3.81 2lo3 B
vaff,.:.:\r:-
26 r
12000
1500
| L
| __ _ ‘ -1000
! i I
i |
__ th b ‘ _ 500
I
A .
_E.PLEE_ LVVL F\_ L, \_ :_ ILII\—.lC ID
T p M gy .
B h83s 8RRy 53 Sz A 500
- HNO A --o o9 ~ — — o~ -
[ E T E T E T E T E T E T E T E T E T E T E T E T E T E T E T E T E T E T T 1
50 45 40 35 30 25 20 15 10 05 0.0

10.0 9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5

1 (ppm)
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Compound 7d (13C) W Y aReS HsC 0 . VPRI FNG
1-methyl-4-(4-((4- uzmzq_u_um:n_: 1-yljsulfonyl)phen! u@qﬂ_ag fofeR & 12N .%C 5 CoBENNS
3C NMR (101 MHz, CDCL) & :mta (s), 14784 (s). 1447 ($), 135.1 4 4 ﬂ|/ | PERNE QLIS
(s),128.63 (s), 12842 (s), 127.46.(s), 126.67 (s), 56.11 (s), 46.85 (s), . g
41.78 (s), 38.58 (5), 37.00 (s), 32.53 (d, J = 2.1 Hz), 29.67 (s). ~
17 s
N/u\»
0=—8=—0
17 .__L 16
N
dit .__m\ﬁ_.ffm_u
p
12R163 |2
1(s) E([s) N_N
144.79 1pr.46 l
P
H (s) 1(s) P (s) u? Tz L(s)
173.19 147.84 126.67 _ __ 56.11
] T [ B | AT 7
- — L 2 "
. . . g e _
_ Bl | 128.42
| |
! K(s)
_ 135.16

[ E T E T E T E T E T E T E T E T E T L T E T E T E T E T E T E
210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60
1 (ppm)




Compound 7e (1H) RRERARY REZMITLT 855 8Y 11000
4-(4-((3,4-dihydroguinolin-1(2H Utfon en Nl e poigal o
(4-((3, ydrog ( u.&gjﬁ._ | o N | R |
TH NMR (400 MHz, CDCL) & 7.77 (dd,J = 8.3, 0.8 Hz, 1H), 7.57 (d, J = 8.5 Hz, 2H),
7.26=7.22 (my 2H), 722 = 7.16 (my 1H), 7.08 (td, =714, 1.2 Hz, TH), 7.04= 6.99 (my 10000
1H), 3.83 — 3.79 (m. 2H), 3.76 (dd, J = 9.8, 8.3 Hz, 1H))3.64 - 3.55 (m, 1H), 339 3.32 _ [
(m, 1H), 2.90 (s, 3H), 2.83 (dd, J = 16.9, 9.3 Hz, 1H), 252 — 2.42 (m, 3H), 1.68— 1.64 :um/ \\\m _ _ I
¥ i — N
(m, 2H). o N—s | | | -9000
o / _ | _
, _ 7___ ; .:;/,\m 7_ _ _ _ L
_ _ | P
___ _ Bl P I [ — _ -8000
! | / J
Fdl ] X ]|/ I i
m//,w\k 7000
N/ (m) | .
17— 14— 16 6000
()| | |L(m) , ! E (m) ¢ (dd)
7.57 7.01 A 3.60 P.83 .
L({dd) K-(td) - a_u_ N_. F-{m){| A{m)}{|B(s}{| D {m) G (m) 5000
7.77 7.08 szm N . 3.81 || 3.36 || 2l90 || 2.47 1.67
H H HET EH Z==NR] = H H r
M (m) H (dd)
7.19 3.76 4000
3000
: I
| 12000
il |
0 _ 1000
i |
|
L C LS S S Fo
o ff L
3 8 5388 ]
3 253= 1000
[ E T E T E T E T E T E T E T E T E T E T E T T E T E T E T E T T T 1
10.0 95 9.0 8.5 8.0 75 7.0 6.5 6.0 5.5 5.0 45 4.0 3.5 3.0 2.5 1.5 1.0 0.5 0.0

1 (ppm)
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Compound 7e (13C) CRGRzT83ER ~ s nm cas
4-(4-((3,4-dihydroguinolin- :N_m <_m=_a=<_vu=mzég methppgroRin-2-8e < g ¢ =8 ass
BCNMR (101 MHz, CDCl) 3 173,25 (s), 147.99 (s), 13865 (5), 13§76 S {2220 _ _ (WA VAV N
(s). 130,67 (s), 12927 (s), 127.81 (s), 12741 (s). 126.66 (5), 125.16(s),
12479 (5), 56.17 (5), 46.70 (5 ), 38.55 (5), 36.93 (5), 29.71 (s), 26.69(5),
21.81(s). H4C 0
2y, %Au
N—a@
TN
4_//u\\m
._\F.//f.
he) (.
12927 ! |
_ ~N.F
(=) i
{2181 _
o=s=
K (s) D|(s) (LA L B/(s)||Q(s)
138.65 D5.16 _\B/a\afs 36.93 | | 26.69
I(s) ORIICRIIC) I _ N(s) [[O(s) A(s)
173.25 147.99||136.76 || l24.7922x, 19 25 56.17 || 46.70 29.71
1 1 (] il 23 24 ] ] 11 ] 1
(s) P(s) R(s)
Lple6 38.55 21.81
" " L o . — " g . " 4 et - a - " .I__rrL._.r— Lo o
o o ) T e - v " 12781 " L il 1 Y . . o T
: 1 Mis)
130.67
|
|
[ E T E T E T E T E T E T E T E T E T L T E T E T E T E T E T E T E T E T E T E T L 1
210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0

1 (ppm)
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(Compound 7¥ (1H) AR RRRREEREERE L 9% RRKSAB REA|IRY
N-benzyl-4-(1-methyl-5- oxcuEB__a_:L_Mw._Emu fiesuifo g i Ol PR :r./,.w\s ﬂ\,w ﬂkﬁu. ﬁ;m; i \H\_.,zf__“_“mm. r o
[ [
'H NMR (400 MHz, CDCl) § 7.80 (d, J = f:w,i_ 731(d, /=83 Hz, 2H), 7.27
~7.12(m 5H), 538 (brt,J =55 Hz, 1H),4.12(d,J = 5.4 Hz, 2H), 3.77 (dd, /= 9.7, HsC o
83 Hz, 1H), 3.61 (dt, ./ = 15.9, 8.1 Hz, 1H), 3.38 (dd, J = Ew 6.5 Hz, 1H), 2.95-2.78 2 e
(m 4H), 2.48 (dd, J = 16.9, 7.7 Hz, TH). _ _J_|¢/ /
_ !
__ .__// \m __.
| =
_._ _ _\
| | e
| __ | - 1 /u _ [ f / J
| f ! | /
__ | \.__ __ _ ‘._ H_ 7 | \___
A
Hm.vH
(LA
NH
H (d) 187 15 D (dt) g (m)
7.31 _ 3.61 .85
I(d) G (m) F (br t), \\\;,xﬁ 1(d) C (dd) Al(dd)
el 2 e e
NAMHme\Nu E (dd)
3.77
!
|
|
|

5500

5000

4500

4000

3500

3000

2500

2000

1500

1000

g Sl i o e T
: 5 4838 |8 8

500

10.0

9.5

T E T E T E T E T E T E T E T E T E T E T E T E T E T E T
8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5
1 (ppm)

0.0
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Compound 7f (13C) ® NERHRER = = ma R
N-benzyl-4-(1-methyl-5- oxcu_.__no__n__: 3- f._vcmzmm:mmgo:mam& m NEEE 8 [ 28 @
BCNMR (101 MHz, CDCls) 8 17348 (s), 147.79 (s), 13900 (s), 13p3R "~ 2 _ | WA
(), 12871 (s), 12797 (s), 127.93 (s), 127.87(s). 127.56 (s), 56.24 (5). oy P
47.30(s), 38.63 (s), 36.99 (s), 29.77 (s). N 418
N—
0
!
_._;/ s
i
N ﬁmv 2 \\+
127.87 i
D(s) 0=5=0
12[r.97 17 14 18
Hs) | d(s) w71 Bi(s)
139.02 | | 147.56 _ 36.99
19
F(s) G(s) I(s) o 2 oy J(s) | K(s)|L(s) |Al(s)
173.48 147.79| | 136.38 _ : 56.24 || 47.30 | 38.63 | 29.77
I [ [} 2% 23 [ I [
s) W
41
i’% s P 3& e R P D e A ST A Sy
s
i 127.93
]
[ T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T
210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10

1 (ppm)
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(Compound 7g (1) iz 8F RREEEQTSSRaEaannRT =38
N-ethyl-4-(1-methyl-5-ox0 -E_Emz;w{mg: ulfonamide mmameammmemen oliid o onl o ol o Bl
A ety Qe N 3
TH NMR (400 MHz, CDCL) & 7.82 (d, ./ = 8.4 Hz, 2H), 7.35 (d, J = 8.3 Hz, 2H),
5.01(t, J=6.0Hz 1H), 3.78 (dd, /=9.7, 8.3 Hz 1H), 3.64 (dt, /=161, 82 Hz, 30000
1H), 3.40 (dd, J = 9.8, 6.5 Hz, 1H), 2.98 (qd, J =72, 6.1 Hz 2H), 2.91 (s, 3H), L
2.85(dd,.J=17.0,8.7 Hz, 1H), 2.52 (dd, /= 16.8, 7.7 Hz, 1H), 1.09 (t,./=7.2 Hz, ! | 58000
3H). . I
| i |
7 { 26000
| T .
{ ( | / | { |
_ —— —t 24000
_ | | [ |
i | / \___ | .__ _q __. J i
22000
20000
B (dt) g (dd) ~18000
3.64 p.85 r
16000
I1(d)| |H (@) A (dd) D (qd) | F (dd) et} |
7.82 7.35 3.78 2.98 2,52 109
H H H HH_H H FH 14000
C (dd) | | Kl(s) .
3.40 291 12000
10000
8000
b i
6000
_ L
! 4000
I [ ! L
|
i
Il ___ ! § 2000
_ L
‘..[.sc all | L. | A LC_ Lo
i f i b, e T I
R R & 888 882 & 8 ~-2000
— — (= (=10 o =1 L i I (=1 ™ L
[ T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T 1
10.0 9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 35 3.0 2.5 2.0 1.5 1.0 0.5 0.0

1 (ppm)
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Compound 7g (13C) g el 3 ] o BEn 3 @
N-ethyl-4-(1-methyl-5-oxopyrrglidin-3-yl)benzenesulfgnamidg RN e @ g i
= 2 = NS 0
BCNMR (101 MHz, CDCL) 3 173.40 (s), 147.65 (s), 13894 (s), || HaC o) _ NS _
127.74(s), 127.50 (s), 56.19 (), 38.57/(s), 38.24 (5). 36.93 (5). 29.68 r./z| L
(s), 15.08(s). 10
I
_._.,/ _ﬂ\
i
N;//u\.u
o=—s=—
17 __L 16
HN
15
C(s) || K|(s) F (s)
138.94 | | 1207.74 qu 38.24
ALs) B(s) I(s) D (s) E(s) | H{s) Gi(s)
173.40 147.65 147.50 56.19 38.57 | 29.68 15.08
H 1 1 1 1
I{(s)
36.93
W I A A
|
[ T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T
210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10

1 (ppm)
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Compound 7h (1H)

4-(1-methyl-5-oxopyrrolidin-3-yl v-z-ng

3 8

_cmqﬁ.%mmc_wo:wi__nm

TH NMR (400 MHz, CDCly) § 7.83 (d, /= 8.5 Hz, 2H), 7.36(d, J = 8.2 Hz, 2H),
4.82(t,J = 6.1 Hz, 1H), 3.79 (dd, J=9.8, 8.3 Hz, 1H), 3.65 (dt, /= 16.1, 8.2 Hz,
1H), 3.41(dd, /=98, 6.5 Hz, 1H), 2.95 - 2.82 (m 6H), 2.52 (dd, J= 169 7.7 Hz,
1H), 1.5 1.43 (m, 2H), 0.86 (t,.J = 7.4 Hz, 3H).

H (d)
7.83

1(d)

7.36

1)
4.82

3.79
3.79
3.77
366
365

;

Z-3.63
343
3
340

1339

f.
1.

29
2.90
!
e
N
2,51
Y249

C (dt)
3.65

P |

(m)
87

B (dd)
3.41

A (dd)
2152

HEH

D (dd)
3.79

| -

r1.54
152
1.50
148
146
1.44

i
e
\

0.68
0.86
0.85

Wil
N
N
S
]

Fi(m)
1.49

®)

(=N 0]

6.01-
0.99-T

420223

86 10000

10.0 9.5 9.0

3.0 2.5

b
=}
-
n
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Compound 7h (13C) b 2 & R = & ®BE B8 2 9
A.ATamnz_-m-omeio__a_:.u.mv.z.ﬂauq__cmzmm:mmﬁo:mamm AR e T €9 g o =
BCNMR (101 MHz, CDCh) 3 173,33 (5), 14766 (s), 1389b (), 12772 _ LA
(s), 127.49(s), 56.18 (s), 44.99 (5), 38,56 (s ), 36.94 (5), 29.68 (5), 22.99 H3C o]
12\ /AR
{s), 11.121(s). N——s"
10 \
1 8
/ﬁ\
i
N//u\\.\+
0=—8=0
17 .__L 16
HN .
H (s) E|(s) 13 g K{) | B(s)
138.99 | | 127.72 38.56 | 29.68
18
F(s) G (s) O(s) Ko_._u I(s) J(s) L (s) Al(s)
173.33 147.66 127.49 20 56.18 || | 44.99 _ 22.99 11/12
1 1 1 1
[ T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T
210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10

1 (ppm)

3500

3000

2500

2000

1500

1000

500

500

F-1000

1500
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Compound 7i (1H) 88 #/F 25 mRRRTIITIR oRohnnn 88 .woooo
N-isopropyl-4=(1-methyl-5-oxopyrroligin3- enesulfonamide N IR AR AR R A S B i -
Propy (L pethyS DRopy ol 3 V)R- V) RS (NS v .
TH NMR (400 MHz, CDCl;) § 7.84 (d. J = 8.5 Hz, 2H), 735 (d, J = 8.2 Hz, 2H), Ers
462(d, J=7.5 Hz, 1H), 3.79 (dd, ./ = 9.7, 8.3 Hz, 1H), 3.65 (dt, /= 16,7, 8.2 Hz,
1H), 3,52 3.37 (m, 2H), 2.92 (s, 3H), 2,86 (dd, /= 17.0,9.2 Hz, 1H), 2.53 (dd. I
J=169, 7.8 Hz, 1H), 1.08(d, S =6.5Hz, 6H)- H3C o 26000
12y, \\:u |
N—21
0 /. | 24000
_ ._._// _‘\a ___.q |
i _. _ ; T 7 " -22000
J ) 6 J A f I F
7l
__ s _ 20000
2 4 3
AT -18000
0=s5=0 E (dt) B (dd) .
O 3.65 2.86 16000
HN. | CHy .
H(d)| |I(d) 15 Y1978 (d) D (m) A (dd) cl) B
7.84 | | 7.35 | | 4.62 3.44 253 f1GE
H H CHy ™ H H R I
Lo F (dd) 3ts) 12000
3.79 292 I
-10000
8000
| 6000
4000
_ 1 [
! i | 2000
I ___ ___ ____ _J |
_ | i |
I ", . L /PR LS B FFII.I ]
il 4 JE H gt gi gL I
8 g & R&S B85 & 2 --2000
— — (=] (==, ~ o~ (=1 u
[ T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T 1
00 95 90 85 80 75 70 65 60 55 50 45 40 35 30 25 20 15 10 05 00

1 (ppm)
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Compound 7i (13C) = 8 -] g
N-isopropyl-4-(1-methyl-5-oxogyrrolidin-3-yl)benzengsulforgmide & &
BCNMR (101 MHz, CDCE) & ie (s), 147.36(s), zc.% (5), _ v
127.66 (s), 127.44 (s), 56.20(s), 46.15 (s), 38.54 (s), 36.93 (s), 29.67
(s), 23.80 (s).
HaC (o]
12y, %_u
N-—19
S
1 8
N,
6
_ﬂ\\ =,
m;f!.umwb
Ii(s) Fi(s) 0=S$=0
140.08| |12Fe6| [ °
HN CH,
G (s) H(s) E(s) s> 1o 20
173.31 147.56 127.44
] ] H

—46.15

——3854
—=36.93

—29.67

—23.80

b (s)
38.54

B (s)
29.67

K (s)
56.20

3

C(s)
36.93

A(s)
23.80

210 200 190 180 170 160 150 140

130

120

110 100
1 (ppm)

90

80

70

60

50

40

30

20

10

3500

3000

2500

2000

1500

1000
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Compound 7j (1H) B8 @

m-ﬁ3.ﬁ-z,_m”:e,_-m-oxou_.\_._d__n__=-w.<_u.ﬁ :<_WM_._W:<:.m.m~mEn<n_oG.m.:onm_z.u.o:m_._uo Y@w
'H NMR (400 MHz, CDCly) & 7.87 (d, J ='8.5 Hz, 2M), 7.37(d, J=8.3 Hz, 2H), _N,z — 4 ¥
4.53 — 444 (m, 2H), 3.79 (dd,J=9.7, 8.3 Hz, 1H), 3.65 (dt,.J = 15.9, 8,1 Hz, 1H), 0\

3.39(dd, J=9.8, 6.5 Hz, 1H),2.91 (s, 3H), 2.86 (dd,J = 169,92 Hz, 1H), 2.78 1 b

(dd, /= 160,44 Hz, 2H), 2.50(dd, J = 16.8, 7.7 Hz, 1H), 236 (dd, /= 164, 1.3 . -

Hz 2H), 1.75(dd. ./ =92, 4.4 Hz 2H). 1.64— 1.57 (m, 2H).

Z

4,49

ghoo o
A
[
L

-

] M_

] b

J(d)| |K(d) 25 | D|(m)
7.87 7.37 4.49

[

B (dt)
3.65

238
238
234
137
176
175
173
163
161

1
l:::
% :
t

281
——285
276
159
L157

277

o=
1)
=0

F (dd) I(dd)
2,50 1.75

A (dd)
3.39

g(dd) || G (dd) H (m)
.86 || 2.36 1.60

e H

C (dd)
3.79

L (dd)
2.78

%

194

[ E T E T E T E T E T E T E T E T E T E T
10.0 9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5
1 (ppm)
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Compound 7j (13C) =]

8B

~ =< ('] |
8-H4~(1- Emﬁ:,m_moxou_._:.a__n__%u <_uu:m:<:m=_qo:<_nmm mmmcﬁﬁ_oﬁ n..&oﬂm:uo:m HsC \O mw e Mm % g
T 125 713
;ﬂ_.,sz:: Z:NQQEML«GE.5.::5, Em,_,ﬁ&, :L.EE. 47L_|L Vo ViV
127.98 (s), 127.67 (s), 56.12 (s), 56.04 (s), 50.14 (s), 38.50 (s), 36.92 (s), 20.67 . /ﬂ _
(5). 2942 (s). N~
__\ =
u;/f%““L
O” ”O
16 14 16
21 . 20
FASE EIANS
Nw 18
! [
D (s) || Ms) | Hi(s) 1jis)
138.72|| 127.98 [ 56.12 29.67
0
C(s) 1) 25 G(s)| | F(s) | H(s)
b Ml et
! | b _
I I Kl (s) 0 (s)
: 56.04 36.92
[ T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T
210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10

1 (ppm)

3000

2500

2000

1500

1000

500

0

500

F-1000

1500

2000

2500

F-3000
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Compeund 7l {1H) RBBR RERARREGENEARARAAN ROGRR$S RRNARSEERRT TR 14000
va-u-ﬁﬁ.ﬁ.3m§<_-m.oxau<=c__n5.uﬁqﬁ_m.i_um:_8=<:U_um_._n__:m-w.nmqu<=n add P O T TN Ay Y Uy Y I Y T T T T T T
i HaC 0 e N e N O L :
12 13
TH NMR (400 MHz, DMSO) 8 7.70 (d, /= 8.4 Hz, 2H), 7.57 (d, J = 8.4 Hz, 2H), /z|n,_\m ~13000
3.78— 3.65 (m, 2H), 3.52 (d, J = 7.0 Hz, 1H), 3.37 (ddd, J = 8.8, 6.5, 2.3 Hz, 2H), 0 i .
277 (s, 3H), 2.69 (dd, J = 165, 8.6 Hz, 1H), 2.54 - 2.49 (m, 2H), 244 2.35 (m, nl 8 _ 12000
2H), 1.83 - 1.75 (m 1H), 1.75— 1.64 (m, 1H), 1.56 — 1.42 (m, 1H), 1.42— 1.27 (m, 7 f _
1H). - _ [ ] ] [ .
I B ! | i 11000
7 | s L y o
H ~ N 17 1 10000
I ,ﬂ. _._ I ._ A / J \.._ x._ L
0=—S=—0 L
16 |14 15 9000
N K (m) I
E.\:/fm." 2.51
_ 8000
M (d) e £ o I (ddd) | |B|(s) E (m) L
o .\r ey \
7.57 . r__r. 24 3.37 277 1.70 B
L (d) oH H (m) A (dd) D(m)||G (m) L
7.70 371 2.69 179 || 1.34
HH i i} [ == 6000
J(d) C(m) Fi(m) i
3.52 2.40 1.49 L5000
4000
3000
_ I
] 2000
__ |
|
i | |
SR il * } -1000
{ |
1/ Tﬁ _z y L
i ‘.:_(u i _ _ __,iﬁr._. U _T‘_F_ __ -, P.}c’ Lo
i o TR i I
29 S BHAT B85 &S L1000
=i R NS - ==X
[ T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T 1
6.5 6.0 5.5 5.0 4.5 4.0 35 3.0 2.5 2.0 1.5 1.0 0.5 0.0

10.0 9.5 9.0 8.5 8.0 7.5 7.0

1 (ppm)
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Compound 7k (13C) =y Ty g &3 = T
(3R)-1~((4-(1-methyl-5-oxopyRlidin-3-yl)phenyl)sgfenyl)piperidie-g-garboxylic acid m e m w m m m m & @5 o
R g R HaC \\\m VSN
BCNMR (101 MHz, DMSQ) & 173.81 (s), 17245 (s), 14847 (d, J =3.7 Hz), 133.75 (3), —F
128.10(s), 127.83 (s), 54.98 (d,.J = 2.0 Hz), 47.50(s), 46.04 (s), 40.09 (), 37,98 (d,./ = BLEAN
3.8 Hz), 36.46 (d,.J = 1.8 Hz), 29.07 (s), 25.59 (s), 23.42 (5). ot
T
[
X,
p/f\._
0=—s5=—=0
e __.d 15
|
J|(s) M (s) D|(s) [J N (d) 1Al (s)
173.81 127.83 44.04 |§36.46 23.42
|
I(s) H(d) L(s) Ei(d) Kiis) | | O (s
Gw.a 148.47 128.10 54.98 4009 | |29.0
133.75 4750 ||B7.p8| |[25.59
[ T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T
210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10

1 (ppm)
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Compound 7k (HSQC)
(3R)-1-((4-(1-methyl-5-oxopyrrolidin-3-yl)phenyl)sulfonyl )piperidine- 3-carboxylic acid

H....rr _|_

11 10 9 8 7

f1 (ppm)
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Compound 71 (1H) RE&NH RRIRARRBEQNSARLLAN RELIITL SERASRERAGRLLRA M 500
ﬁwmu.H-_Ra._nH-smﬁg_-m-oonﬁd_E_:-uﬁuﬁ@écm:_33.5u_um:_n__:mlw-nmaoé__n i PRV DD zfnf.\z sz. Shihy ﬂ.x;\‘_.. MERRREARAAnRnRnI |
HaC 0 " L
TH NMR (400 MHz, DMSO) 8 7.70 (d, J = 8.4 Hz, 2H), 7.58 (d, .J = 8.4 Hz, 2H), 3.80— x,,z |um 3 8000
3.65 (m, 2H), 3.53 (d, J = 7.0 Hz, 1H), 340 3.35 (m, 2H), 2,78 (s, 3H), 2.70 (dd,.J = © 0\ i
16.5. 8.6 Hz, TH). 2,55 250 (m. 2H), 246 — 236 (m. 2H), 185 — 176 (m. 1H), 1.71 i 8 7500
(dd,J=9.0,44 Hz, 1H), 1.57— 1.43 (m, [H), 1.43— 1.29 (m 1H). ™7 g i
- _ f “ i / 7000
6 [ ( |
_ _\ //.u __ _ __
f _ _ _ 1 | f f 77 6500
( 4 [ | 7 [ | [ F
2 P | { | I ___ |
///”..\ ___ f _ ___ __ ___ ___ f ____ / 6000
L _ 4 ) s a0 Ay |
O”@”O L
16 [ 18 15 5500
N K{m) I
_mxxaxfwa 2,52 15000
M (d) . 4 I1(d) B|(s) E (dd) i
7.58 ISR S 3/53 278 171 4500
L{d) ﬁr._ H-{m) A(dd) D{m){ G (m) 4000
7.70 oe 372 2.70 1.80 || 1.35 I
HH — H e HE 1 L
) (m) C (m) F(m) 3900
3.37 2.41 1.50
3000
2500
2000
| ﬁ_ 1500
I | i
| 1000
o 1 I
L i 500
;:___ Wi E» ___wpfmz i .
i i | 4
AL ran J J S [V b.‘___C, ———
o =i Rk e I
23 589 853938 7 &8s 500
— ~N o=~ ~NO (=== =] L
T T T T T T T T T 1

T T T T T 1
7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5

10.0 9.5 9.0 8.5 8.0 7.5
1 (ppm)
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Compound 71 (13C) £33 2 B8z
(35)-1-((4-(1-methyl-5- oonnHHn.: 3- {;u:m:g__umpﬁgévﬁm: m m@ oxylic acid
7 92 Y, i A
3C NMR (101 MHz, DMSO) 8 173.79 (s), 17242 (s), 14846 (d, J =3.7 Hz), w_| %
133.73(s), 12808 (s), 127.81 (5), 54.96 (d, /= 2.1 Hz), 4748 (5), 46:02 (), 40.07 7 ,m
(s),37.96(d, J = 3.9 Hz), 36.45 (d, ./ = 1.9 Hz), 29.05 (s), 25.58 (5), 23.41 (s). N, rd
&
i
/ P
0=—85—0
16 .__.a 13
N
_m.\._xxr.NN
1) L) 1
173.79 127.81 T ™
I(s) H(d) K1(s)
172.42 148.46 128.08

88 255839I B8R
55 (FYIRER8 LY
NN SN AN
D (s) [JN (d) A(s)
46.02 |§36.45| |23.41
F(d) ofs) | [M(s)
54.96 adqo7 | |29.05

210 200 190 180 170 160 150 140 130

120

110 100
1 (ppm)

90

80

70

60

50

40

30

20
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|
= - tr\T_KALl\L‘I\:}. P o L
Compound 71 (HSQC)
(3S)-1-((4-(1-methyl-5-oxopyrrolidin-3-yl) phenyl)sulfonyl)piperidine- 3-carboxylic acid
| .
ts
T T . T . T . T . T . T . T . T . T . .
11 10 9 8 7 5 3 2 1 0

f1 (ppm)
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Compound 7m (1H)3 EREFAE BRS 28BINITRBIIADE8LS 28000
N-(3-(1H-imidazol-1%1)propyl)-4-(1 & rrolidin-3-yl)benzenesulfonamide | R o B o el G o | o i Gl )
n A o_@ u_u E_.u ﬂ hﬁ—.ﬂ .ﬁcﬂwm _b_.u IuO o _/__\_ f:\nnkﬁ._ K.T\u.k_ rr/fk\_ __ﬂ\\\_ F/"___mnuulk_ L
'H NMR (400 MHz, MeOD) 5§ 8.84 (s, 1H), 7.80 (d, J =8.5 Hz, 2H), 7.61 (s, 1H), 121 41 L6000
7.54(s, 1H), 7.50 (d, J = 8.3 Hz, 2H), 4.36 (1, J = 6.8 Hz, 2H), 3.86 (dd, J=9.8, 8.3 N— _
Hz, 1H), 3.75 (dt, J = 16.2, 82 Hz, 1H), 3.49 (dd,.J = 9.8, 6.6 Hz 1H), 2.90 (s, 3H), ' ,,_. | I
2.80— 2.80(m. 3H), 2.51 {dd,J=16.8, 7.9 Hz 1H), 2.11 — 2,02 (m, 2H). RN : e i L 24000
[ | _ _ ___ 0
8 f 22000
| N | 7 _
_ L __ ol :
i | _7 A __ o ! f i ~20000
J J o r_. ) [/ /I J I |
=s5=0 -18000
16 __+ 5
M (s) HN . I
Umuw 17 ___ IH@OOO
K (s) . B (dt) F (m) L
.
7.61 H_n_ 3.75 2.85 L
1(s) J(d) N |P® Aldd)| |E(s) H (m) I
8.84 7.80 7214436 3.49 2.90 2.06
A == k_f xxI i H e H 12000
L(d) N—4 C (dd) (dd) -
7.50 23 3.86 | 2,51 | 10000
8000
~6000
— 4000
| | |
_ r i ___ 2000
T b F
LU I ! i \_g . Lo
i b T LA fqoo T I
= 85318 5 8 B =g o B s
o ~NooMN — — - o - —

[ E T E T E T E T E T E T E T E T E T E T E T E T E T E T E
10.0 9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0
1 (ppm)

[l
wun
]
o
.
(0]
—
(=]
o
wun

0.0
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Compound 7m (13C) ~ S H &

51

uy
o

l : yn RS en = Z d9@ =
z-a-c_._-_aaﬁo_-i_:umE_I.ﬁH.smﬁz,\__-m-ox%ﬁa_Ew.méum_mm@a:maam s m mmm wm
BCNMR (101 MHz MeOD) 8 174.57 ), 14801 (s), 138.57 (s, 13554 w12~ ™G, \\\m [ N P Y
() 12717 (s), 12165 (s), 12051 (s), 55.91 (s, 46:01/(5), 39.11 (5), 38.26 (), 36.81 N—%

(5)29.57 (s), 28.41 (s), S0
._._,/___.\w_
<]
X
N/x..\\\a
0=5=0
16! .__+ Lk
K (s) HN
127.51 17 >4
M (s) I(s) __ﬂ, D(s) [ B(s)
138.57 121165 o 38.26(29.57
0 (s) N (s) L (s) H (s) q_,_ G(s)|[F(s)|[C(s)[A(s)
174.57 148.01| | 135.54 120.51 LN, 55.91 /| 46.01 || 36.81 | 28.41
] ] T A = kﬂ_,, mr. i i il T
J(s) _z|N\M E(s)
127.17 23 39.11
I
| A Y i ]
T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T
200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10

1 (ppm)
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Compound 7n (1H)

N-{adamantan-1-yl)-4-(1-methyl-5

[
o

3 (d)
7.86

K (d)
7.32

553 gt
.og:o__nsﬁ.x.mé:cmﬁm:@m:__qo:mi_am

TH NMR (400 MHz, CDCl5) § 7.86 (d, J = 8.5 Hz, 2H), 732 (d, J = 8.3 Hz, 2H), 4.82
(s, 1H), 3.79 (dd,J = 9.7, 8.3 Hz, 1H), 3.70 — 3.59 (m, 1H), 3.41 (dd,./ = 9.7, 6.6 Hz,
1H), 2.91 (s, 3H), 2.86 (dd, J = 17.1, 9.3 Hz, 1H), 2.54 (dd, J = 16.8, 7.8 Hz, 1H), 2.00
(brs, 3H), 1.78 (brd, J=2.8 Hz, 6H), 1.57 (brq,./ = 12.4 Hz, 6H).

F(s)
4.82

B (dd)
3.41

g (dd)
b 86

A{m)
3.64

2.85
283
257
255

N
Y2

L -

398
1.78
1.78
161
1.58
1.56
1.53

/
r
/.
X

br d)
78

C (dd)
2.54

G (br
2.00

E (dd)
3.79

(s)
91

b ™

e
—

=

10.0

9.5
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Compound 7n (13C) [

m 2] ™~ G0 M
N-(adamantan-1-yl)-4-(1- Emﬁm_ 5-oxopyrrolidin-3- z_uumﬂmzmm:qo:mﬁ.&m p o M m m gia
BCNMR (101 MHz, €DCE) 8 173,50 (s), 147.17 (s), 143.0 ()] ) _ L WRT Y
127,60 (s), 127.34 (), 56.33 (s), 43.18 (s), 38.64 (s), 37.02 (5), 35.92
(5), 29.78 (s), 29.57 (s).
(s)
35.92
H(s) Ej(s) K(s) Bi(s)
143.02 u_.mu___ 60 43.18 29.78
1] L . " h
FIET T ELS) BE) r E (SN LY
178.50 147.17 127.34 56133 38.64 || 29.57
T 1 I I
C(s)
7102

252

210 200 190 180 170 160 150 140 130 120 J.w ( H%o 90 80 70 60 50 40 30 20
ppm




Compound 8 (1)~ HRBG R AHAFRARNRRAIIIANINSR §333338883238 HIMRREEEREIRAN,
4-(2-bromophenyl)-1- NIENENENSNENSNANANIT St bRl el nndoioi eilednilniniiinin
LR e R B
'H NMR (400 MHz, CDCl;) & 7.57 (dd,.J = 8.0, 1.2 Hz, 1H), 7.34— 7.28 (m, 1H), 7.27— 7.24 (m, 1H),
712(ddd, 7 =8.0,7.2, 1.9 Hz, THY, 4.07— 3.96 (m, 1H), 3.82(dd, =99, 82 Hz, 1H), 333 (dd, /=99, -
5.5 Hz, 1H), 2.91 — 2.78 (m, 4H), 2.54 (dd, /=170, 6.5 Hz, 1H). ,__
[
H4C e
RN 413
N—¢
| AR
__ it :/.r \u __q _‘ ___ x___
[ __ ( /| | /
m_uAﬂ//;._\.u%u
I(m) __
7.26 -
3
G (m) E (m) B (m)
731 4,02 p.84
F (ddd) D (dd) || C (dd) A (dd)
7.12 3.82 || 3.33 2.54
H_ EHH A H — o H
H (dd)
7.57
|
| f |
) .
|
L. L . L_._ k.
AL g B, AL B |
5 ©88 ] 2 5 &
= == o = o~ = L] =
[ T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T
10.0 9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 35 3.0 25 2.0 1.5 1.0 0.5 0.

1 (ppm)
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Compound 8 (13C) 2 2 TESoE e o F
4-(2-bromophenyl)-1- _,:mn:f__uﬂa__n__: 2-one g RERRS i = w m
5C NMR (101 MHz CDCh) & oy 68 (s), 141.68 (s), 13334 (s), _Mm?r?{_} 5), 127.12.5), A
12451 (s), 55.60 (3), 37.64 (5). 36.13 (s), 29.71 (). [
H,C o}
EN \m.a
N—¢
o\
:/.r_“\u
B 6
AMJKJ\\\ nﬂﬁu
1) |
127.12 ER N
3
D, (s) G (s) K (s)
141,68 1028.66 29.71
. ) E[(s) o F(s) | . Bi(s) | 0 (s) | "
% e i 1 5 4 Rk g il 20,00 LY
I 1 1 1 I
Hl(s) Als)
144.16 37.64
C(s)
124.51
[ T T T T T T T T T T T T T T T T T T T T T T T T T T T
200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10

210

1 (ppm)

3500

3000

2500

2000

1500

1000

500

1000

1500

2000

2500

3000
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Compound 9 (1H) ey 28
A-T_-c_.c3o_u:m:_m_u-p._,:mn:f._ut_.-o__n_mz.m-czmﬂm,, ﬂv;
TH NMR (400 MHz, CDC5) 8 7.45 (d, J = 8.5 Hz, 2H), 7.09 (d, J = 8.3 Hz, 2H), 3.74 (dd, J = 9.7, 8.3
Hz 1H), 3.53(dt, J=16.6, 83 Hz, 1H), 335 (dd, /= 9.7, 6.8 Hz, 1H), 2.90 (s, 3H), 2.81 (dd, /= 169,

3.76
|—3.74
3.74

372
3.57
3.55
353

9.1 Hz, 1H), 2.48 (dd, J = 16.9, 8.0 Hz, 1H).

H-(d)
7.45

G (d)
7.09

H4C
12
N—¢

10 Y\

AN \m:

_._/.f \u

7
6

2

.

Br
14

T
7

4

~3.51
349
3.37
3.36
3.35
3.33

-—2.90
2.80
541

249
247
1245

)
)
\

E (dt)
353

B (dd)

D (dd)
3.35

d(s) | A (dd)

2.48

H T H

F (dd)
3.74

i

1.75=

1.86—=

_—

AN

0.99—=

10.0 9.5 9.0 8.5 8.0 7.5

7.0

6.5

T
6.0

T
5.5 5.0

1 (ppm)

3.0 2.5 2.0 1.5 1.0 0.5
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Compound 9 (13C) 3
4-(4-bromophenyl V-H-3m5<_u.m.3 lidin-2-one

BCNMR (101 Mz, CDCl) 6 :wa (s), 141.73 (5).
132.12 (3), 128.58 (s), 121.00(s), 56.60 (s). 38.76 (s ),
36.78 (s), 29.74 (s).

E(s)
173.68

141,73

—132)12

128,58

—121.00

Cl(s)

8.58

G (s)
121.00

2 ER K
8 #8 4
| I
Bi(s)
36.78
H(s) I3 || AG)
56.60 38.76 | 29.74

200 190 180 170 160

140

130

120

T T T T
110 100
f1 (ppm)

90

80

70

60

50

40

30

20
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Comppung i} = wmmwiy%anwmammisiﬁy.aaﬁmwmﬂﬁﬁmmﬁwﬁmﬁnmmﬁ%ﬂm
4-(RS 2SN Sr R KNSR SRR S A e S e
"H NMR (400 MHz, CDCl) & 747 — 7.35 (m, 5H), 7.32 - 7.22 (m, 4H), 3.72 - 3.60 (m, 1H), 3.52 (dd,J
=97,8.5Hz, 1H), 3.40 (dd, /= ouoxiw_:rmmo7bzvmm (dd,J=16.9,9.5 Hz, 1H), 2.54 (dd,
J=17.0,7.9 Hz, 1H). i
_.
_ _
_ H,C 0
ﬂ _ EN/ %4@
) N—1
_ { __._r_ / 4 ___ f [ m‘
I | | I '
T AE“ﬁo/xG 4_//w\\m A Lo
.:.:,f... 14 =
/xa\ //:\ /,.Vé
H (m) 7| E (dd) B (dd)
7.26 3.52 2.68
G (m) D (dd) A (dd)
741 3.40 2.54
=H E=IETH =T
F (m) d(s)
3.66 2|86
|
|
il
1 Iy
I 1ty
___ s; | k
iy iy W it
R & S8R 8358
T ™M oqgo R =]

[ E T E T E T E T E T E T E T E T E T E T
10.0 9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0
1 (ppm)

4.5 4.0 3.5

3.0 2.5 2.0 1.5 1.0 0.5

0.

14000

13000

12000

11000

10000

9000

8000

7000

6000

5000

4000

3000

2000

1000

1000

0
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no:,_uow_zm:oﬁunv 2 - MM%ﬂﬂﬂmmﬂm T 2 s
4-([1,1 -u.u:mi:-m.{_u.H-Em:@_E_:c__ in-2-one YT FRARRREY B @ o g
N s 178 Nd s _ o
3CNMR (101 MHz, CDCl:) & 178.85 (s), 142.11 (s), 141.29 (s),'140.58 (), TIFT7 (5), 129.22 (3),
12842 (s), 12839 (s), 127.34 (s), 126,67 (s), 125.82 (s), 57.34 (s), 39.90 (s), 33.04 (), 20.64 (s).
H,C 0
313w, /Al
N-—8
o\
16 4_// \\u
Kl(g) ax“V zfau of
128[42 || [ |
18 14 &
bI (M ﬁﬁﬂe\\ z;;;\\\ nﬂﬁu
1281p2 I
K () ~, 7" B|(s)
141.29 33.04
I(s) 1(s) M(s) N(s)||ACs)
173.85 14211 57.34 39.90| | 29.64
[ 1 1 I
L(s)
140.58 1
. H
4 T30.
I
0 (s)
128.39
[ T T T T T T T T T T T T T T T T T T T T T T T T T T T T T
200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10

210

1 (ppm)

7000

6000

5000

4000

3000

2000

1000

0

1000

2000

F-3000

4000
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Compound 11 (1H) @ ERGLLLRRYRIANRBBIILER
H L i N i I N N

4-([1,1"-biphenyl]-4-yl i1 | aﬁ.z BRI 2

3.86
3.84
3.84
382
372
370
368
366
3.64
3.54
353
352
3.50
3.02
259
2598
295
2.74
272
2.70
L2.68

i f
<
\G
I
X
}

'H NMR (400 MHz, CDCE) § 7.62-- 7.55 (m 41 749 - 7.42 (m, 21, 7.39 - 733 (m, 1) 730 @, /= _
8.2 Hz, 2H), 3:84 (dd, /=98, 8.5 Hz, 1H), 374 3,63 (m, 1), 352(dd, /=98 T0Hz IS /1) __
2,93 (m, 4H), 2.71 (dd, J = 17.4, 8.1 Hz, 1H). 7 N-—s
Pl
1 8
_ __ /_‘\
| | _
153
7 [ | 1 s [ /
I __ /] __ / ) __ ‘___ /
~F
1) __L
7.30 _u\.\\ Xz____:
G (m) . , D (m) B {(m)
7.44 " 3.68 2|98
F (m) C (dd) A (dd)
758 3/52 2.71
= == HH
H (m) E (dd)
7.36 3.84

\
/
/
=
=
]

3.99-q
221
DBBE
1.91

1.03-4
1.059

[ E T E T E T E T E T E T E T E T E T E T E T E T E T E
10.0 9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3
1 (ppm)

2.5 2.0 1.5 1.0 0.5

0.

9000

8000

7000

6000

5000

4000

3000

2000

0
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Compourg 11 (13C) 2 3500

22% aaR8S ) Bz 9
4-([1,1' w@:mzé -4-yl)-1- 3m9<_u<:c__n__: 2-one £€¢ #R m AR & m_w_m 3
. oo L
e zZi:: MHz, CDClz) & _rﬂxz. 140.89 (s), 140. %3/_ _an_:__ L 127.82(3), Ve
127.57 (s}, 127.26 (s ), 127.15(s), 57.28 (s), 38.67 (s), 37.01 (s), un:m ?u. 3000
2500
2000
M (s) 1500
1317.15
1(s) Ells) Al(s) |
y f. X
140.60 1pir.82 30.15 | 1000
G (s) H(s) Di(s) K (s) LB | |
175.58 140.89 127.57 57.28 38.p7 r
1 1] ] |
I(s) FiiE) B(s) 500
140.47 | | 12897 37.01
hiA
s s oy S ” 0

T =500

| 1000

| 1500

210 200 190 180 170 160 150 140 130 120 J.w ( H%o 90 80 70 60 50 40 30 20 10 0
ppm

260




Compound 12 (1H) 28 nnoﬂﬁ 285383833323 888% SANA aamAAR 2aa "
u-cas,_o-zhz.n__mn:__-?ﬁ.—:mﬁt_@ nwm\a\ Wvu.{:cmzwm:mmc__qo:m:,__nm b A S S S P _,nh.m,\u, i JBJM\,; \_.,_\.;2@1_«\__.“59,_ 1f._1 \1 | 32000
TH NMR (400 MHz, CDCl) 8 801 (d,J = 1.9'Hz, 1H), 7.72(dd, /=812, 1.9 HaG \_q: - I
Hz, 1H), 7.36 (d, J = 8.2 Hz, 1H), 4.06 (tt, ./ = 8.7, 5.7 Hz, 1H), 3.86 (dd, ./ = N—d" P
102, 8.2 Hz, 1H), 334 (dd,.J = 102, 5.2 Hz, 1H), 3.24 (q..J = 7.2 Hz, 4H), 2.95 Jo
285 (m 4H), 2.54 (dd, J= 17.3,5.9 Hz, 1H), 1.15 (t, J = 7.1 Hz, 6H). U i
. 128000
_ [/ .
NN _ _ 26000
| _ L1 .
_ > N iy : i % . 124000
| \__ ﬂ [/ /] / / J r
—s— 122000
(LR TENAT r
N 120000
.__m N_C L
I'(dd) F(t) D (ddy [ B{(m) 18000
7.72 GHs M3l 406 334 | 290 .
H (d) 1(d) E(dd)| |C@ A (dd) dm 16000
8.01 7.36 3.86 3,24 254 115 i
o H  H o AR HH R ~14000
12000
10000
8000
6000
| L
| | |
4000
| | L
| __
| _ b 2000
_ I
B L A ,
i T T i R | i I
& & 8 88 g8 & & 3 r-2000
(=] o (=1 - — — - k=1 o L
[ T T T T E T T T T T E T E T E T E T E T E T T T E T T 1
95 90 85 80 75 70 65 60 55 50 45 40 3.5 30 25 20 1.5 10 05 0.0

10.0

1 (ppm)
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Compound 12 (13C) L= o BEHK . BTe B o
3-bromo-N,N-diethyl-4-(1- Bm@_ -5-oxopyrrolidin- u,{_ﬁmzﬂzmm Iferamide o SR8 4 = I
A 1 T 7 SIS _._um, \m S _ -4000
30 NMR (101 MHz, CDCL) 8 173.53 (s), 146.13 (s), 140.93 (s), 131.68 (s), AR I
127.67(s), 126.57 (s), 124.90 (s), 55.27 (s), 42.37 (s), 37.44 (s), 36.19 (s), 20.88 0\
(s), 1440 (s ) 11 5 3500
NP .
| 13000
Br 6
k.};.___\ ////fﬂ L
] 2500
N/u\& I
—r— 2000
7o 1. |
D(s) N
124.90 ,_m\ a,,,,N_c 1500
E(s) 1(s) B(s)| |L(s) |
140.93| |127.67 GHy CHy 42.37| |29.88 -1000
G(s) F (s) H (s) Cl(s) (s) M (s) I
173.53 14p.13| |131/68 55.27 36.19 14.40 L 500
1 11 1 1 [l |
(k) Al(s)
. ; el . : Lhmm.:_ - . - g " -0
500
--1000
--1500
4 --2000
_ .
2500
--3000
[ E T E T E T E T E T E T E T E T E T L T E T E T E T E T E T E T E T E T E T E T L 1
210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0

1 (ppm)
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Compound 14a (1H) T3EYAR ARRRNSNNIINANSE88 ARRASANERNEAZNEESS88HH2RRREINETIFE IR
N,N-diethyl-4-(1-methyl-5-oxopyrrafidirr3sy-3- & e e S e e S S D T e
TH NMR (400 MHz, CDCL) & 7.63 (dd, J =8.2, 2.0 Hz, 1H), 7.59 (d,J=2.0 HsC o :
Hz, 1H), 7.30(d,.J = 8.2 Hz, 1H), 7.28 — 7.23 (m, 2H), 7.22 - 7.17 (m, 1H), 123, 413 _
7.08— 7.02 (m, 2H), 3.76— 3.66 (m, 1H), 3.54 (dd, J = 102, §.5 Hz, 1H), 3.26 N— _
(dd,.J= 102, 6.0 Hz, 1H), 3.16 (q,./ = 7.1 Hz, 4H), 3.05 — 2.99 (m, 2H), 2.97 i / /
—2.85(m 5H), 2.75 (dd, J=17.3,94 Hz, 1H), 2.45 (dd, ./ = 7.4, 7.0 Hz, Nz A i
1H), 1.12/(t,J="7.1 Hz, 6H). N_x _N _~ __ﬁ _
N».Tff.. 24 22 L] f
h f %7 ~m| xzﬂﬁ\\ Y _ |
| [
| [ | . S
. NA S )7 J
0=8=0
N (m) 17 |14 16 G (dd)
7.25 N 3.26
P
18 = 20
K (d) _ | I(m)| |F(q)|B (dd)
730 3.72|| |3.16| 275
J(dd)| |L(m) H(dd)| |D|m)|A (dd) a)
7.63 7.05 3.54 290 | 2.45 12
H— HH H T H HELEBET F
M (d) E (m)
7.59 3.0p
0 (m)
7.20
I

12000

11000

10000

9000

8000

7000

6000

5000

4000

3000

2000

1000

10.0 9.5 9.0 8.5 8.0

T E T E T E T E T
6.0 5.5 5.0 4.5 4.0
1 (ppm)

0.5

0.0
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Compound 14a (13C) 2 HMNS NORBYE - - L
zhz.n_mE_._‘_-A-G.3m§<_-m-0x@<-qo__a_=.u.E*w-u:m:mm@@_mm_,mmm e @@% m w M m M M m M 3500
_ A e N hic o _ YN LY _ I
BCNMR (101 MHz CDCL) 8 174.50 (s), 145.32(s), 140.31 (s), 140.27 3 VAL L3000
(s). 139.02(s), 128.72 (), 128.65 (s). 128.58 (s). 126.56 (s), 126.44(s). N—¢
125.76 (s), 56.87 (5). 42.28 (5). 3899 (s), 37.71 (s), 34.66 (s), 32.06(s). Jo I
2999 (s), 14.40(s). N_\\\ua/fm.u ://_.\u L2500
Mm.;ff 24 22 6 |
T Y f:\ = 2000
S~ ! L1500
I|(4 _ [
L 0=—s8=—0
12858 7418 1000
N|(s) Elfs) a\nﬁﬁ R (s) i
140.27 25.44 _ _ 37.71 | 500
L(s) | |[qs) CH; | CHy de I
139.02 | |126.56 " “ 32.06
ARy = a » L, eyt o ooy - _ o -0
u_@ K{(s) D (s) 0l(s) P|(s B (s) A(s)
174.50 145.52 125.76 56.87 42.28 29.99 14.40 I
] i (] ] I --500
' Mi(s) H (s) Q(s) |
140.31 || 128.72 34199
F (o) S(9) -1000
128.65 34.66 r
--1500
--2000
--2500
-3000
F-3500
[ T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T 1
210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0

1 (ppm)
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Compound 16b (1H) BOYEIIANARRININAZSN GEBE28T INR SRRREL 88yyBHIX .
N,N-diethyl-4-(1-methyl-5-oxopyrralidiiz33y g Ifonamide Hae z_“ud IR 3&; 3f,x,v; Xz o i g gl o ﬁmhﬂ ulf.ﬂ_\q_,_
3 - ¥ i L
TH NMR (400 MHz, CDCL) & 7.64 — 7.60 (m, 2H), 7.34 - 7.28 (m, 3H), A A 9000
7.24—7.20 (m, 1H), 7.20— 7.16 (m, 2H), 3.69 — 3.59 (m, 2H), 3.36 - 3.31 N L/ .
(m, 1H), 3.22 (q..J = 7.2 Hz, 4H), 2.92 (s, 3H), 2.84 — 2.76 (m, 1H), 2.73 — i : _ I
2,65 (m, 4H), 2.49 (dd, J = 17.0, 6.4 Hz, 1H), 1.93 - 1.84 (m, 2H), 1.13(t, ~
J=T.1Hz, 6H). _ i ) 8000
{ |
26 24 22 6 _ | |
__ N_.._\ f,ﬁnmu\ fx?.\ .ff__\\ //r/#n__ _ _
f | ’
) _ : ~7000
__ t/;;\t ~NA __ f / __ |
| & i JLI T _ i
m|w|a 6000
\m.;x
.__”., = N_c L
K (m) I(m)||G(a)|||D (m)
7.31 CHy——CHs 3.64 || 322 [[[ 270 5000
J(m) || M (m) H (m) || Fl(s) || Cdd) | |A(m) Bl () .
7.62 || 7.18 3.34 || 2loz2 || 2.49 1.88 113
a =1, = =] — H 4000
L (m) E (m)
7.22 I 2.80 i
3000
_ ~2000
|
I! L
_ | | _
_ ! 1000
_ F
. N il }
I _,r.IIL./ J /r F A rrllE_F\ ') | _Et.rc _ ID
o oo | R i i I
& BER 8 &3 #@NFG8 & Ll
— ~N S e =1 (=2 o — L¥=]
[ T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T 1
100 95 9.0 8.5 8.0 7.5 7.0 6.5 6.0 55 5.0 4.5 4.0 35 3.0 2.5 2.0 1.5 1. 0.0

1 (ppm)
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Compound 14b (13C) m II8B Q1RTRg
N,N-diethyl-4-(1-methyl-5- 3353_5_: -3-yl)-3-(3- urﬁ_mﬁﬂycgﬁﬁ_@:ma__nm

— o

| L 1
BCNMR (101 MHz, CDCl:) & :_,A,.Nu (s), 14524 (s), 141.44 w,yf / ~

141.26 (s), 139.08 (s), 128.65 (s), 128.55 (s), 12830 (s), 12649 (s),
126.33 (s), 125.60 (s), 56,77 (5), 42.23/(s), 38.96 (5), 35.63 (5), 33.14
(s), 3243 (s), 31.98 (s), 29.97 (), 1437 (s).

(
3
Pls)
.33

HaC

SNR | NN
\

RI(5)
31.98

2000

14.37

1800

1600

210 200 190 180 170 160 150 140 130 120 110 100

1 (ppm)

90 80 70 60 50 40 30
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Compound 15 (1H) g pdznpgrreiogegngaingpbrags 29y
22|Q_mﬂ_z__|m|”_.|3m.| ...u_z_.wJ«aﬂﬂdﬂwaﬂ3li&li&l33222?ﬂlllll R |
/] Y A ﬁzu...l _r_uO _ID_I_IFW_;J_,}___\ _/_f ..:.\1hnﬂ__lumln.rL f"_\_
'H NMR (400 MHz, CDCl;) § 7.81 (dd,J=8.3, 2.1 Hz, 1H), 7.69 (d, J = 20 Hz, a/z|a\ﬁ_ _
1H), 7.51 — 740 (m. 4H), 722 (dd, = 7.7, 1.7 Hz 2H), 3.80 — 3.68 (m. 1), 3.58 T\ i
(dd,J=10.1,8.6 Hz, 1H), 342 (dd, /= 10.1, 6.5 Hz, 1H), 3.26 (q,.J = 7.2 Hz, 4H), " 1 i
290G, 3H), 279 (dd, J= 173,95 Hz, TH), 261 (@d, =173, TS Hz TH), LI6(6, 22~ 7
J=17.1Hgz, 6H). { __ _ ﬁ-
_u!/f. 9 B e
__ JKI\ //._\ u//./(rz.u
[ I |
- | 2Lzt rrlr I 7 I
I | ,_w J } .._ B \__ J .x L_._ _
0=—s=—0
21 mw 22
N
N_A -~ 2% ~ N_...
3 (m) E(dd)| |B (dd)
7.46 CH; —CH, 3.42 279
K (d)| |1 (dd) G(m)| D] | |A(dd) H (1)
769 || 7.22 3.74 | 3,26 2.61 116
HE_H H LA BT F
L (dd) F (dd) d(s)
7.81 3.58 290 I
I
| __
|
|
il __ |
L
____ e
UL , . U is_ J
ML byt h | ip
dnga 588 & BEE &
oo m— — ~No o w
[ E T E T E T E T E T E T E T E T T E T E T E T E T E T E T E T E T T
1000 95 90 85 80 75 70 65 60 55 50 45 40 35 30 25 20 1. 0.5

1 (ppm)

21000
wmoooo
19000
18000
17000
16000
wpmooo
14000
13000
wpmooo
11000
wpcooo
9000
8000
7000
6000
5000
4000
3000
2000

1000

1000
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Compound 15a (13C)
N,N-diethyl-6-(1-methyl-5- oxeﬂ_.\:o_a_: -3-yl)-[1,1" c_uumﬂ_

nU

3

f i

nU

BCNMR (101 MHz, CDCL) & 174.50 (s), 144.83 (s), 143.05 (s), ;.w.mc (s),

139.08 (s), 129.07 (5), 12885 (5).

57.34(s), 42.38 (s), 3945 (s), 33.07 (s), 30.03 (), 1445 (5).

H (s)
174.50

128,83 (), 12825 (5), 12691 (s), 126.70 (5).

Q(s)
128.83

G(s)
144.83

L(s)
129.07

E(s)
139.50

3(s)
126.91

D (s)
139.08

1(s)
126.70

143.05

(s)

K(s)
128.25

M (s)
128.85

% Re 53 2
s dg 08 4
_ (.
BI(S) || N ()
42.3833.07
(s Al(s) || O (s) P (s)
57.34 39.45|| 30.03 14.45
] (] I

210

200

190

180

170

160

150

140

130 120

110 100
1 (ppm)

90

80

70

60

50

40

30

20

1500

1000

500

500

1000

F-1500

268



Compound 15b (1H) BERTRR]IY - - r
4'-(dimethylamino)-N,N- a_mnganﬁ\%ﬁ vx prplidin-3-yl)-[1,1"-biphenyl]-3-sulfer G | 34000
TH NMR (400 MHz, CDCL) & 7.81 (dd,.J = 8.3, 2.0 Hz, 1H), 7.65 (d, ] = 2.0 Hz,
1H), 7:50 (d, /=83 Hz, 1H), 7.37(d, /= 8.8 Hz 2H), 729 (d, F = 8.8 Hz, 2H), 3.74 32000
— 364 (m 1H), 3.60 (t,J =92 Hz, 1H), 3.44 (dd, J = 9.9, 6.3 Hz, 1H),3.25 (q.J = \ .
7.1 Hz, 4H), 3.18 (s, 6H), 2.90 (s, 3H), 2.7 (dd, J = 17.2, 9.4 Hz, 1H), 2.58 (dd, J = HaC o _ | 30000
17.2, 7.5 Hz, TH), 1.16 (t, /= 7.1 Hz, GH). 19 420 : |
CHy N—16 |
= v _ - 28000
| !
N T _ |
H Hae ™28 T Ty , f f 26000
I _ | | il 7 _ .
L1 U N Ly Iy 7 J 124000
14 .___ 3
7 4 22000
N (d) /u\ I
7.29 i — 120000
K (d) e 1(m)|[F (] [B (cd) .
7.65 i 3.69 || 3.25{ | 2.77 18000
A3, L
J(dd) | M (d) N_& N_ﬁ H () | |E|(s) A (dd) D (t) | 16000
7.81 || 7.37 3.60 (318 2.58 116
H A m.Im m_._u [ = Ty FH i
Litd) G (dd)| {C(s) -14000
7.50 3.44 | |2.90
12000
10000
n 8000
6000
|
_ I
4000
I _ |
_ 12000
>gl . il .
L0 LA -.‘ \ ]
bk i g | R i |
33868 85888 888 2 -2000
o D= S g T NS i |
[ E T E T E T E T E T E T E T E T E T E T E T E T E T E T T T E T T 1
100 95 9.0 8.5 8.0 75 7.0 6.5 6.0 5.5 50 45 3.5 3.0 25 2.0 1.5 1.0 0.5 0.0

1 (ppm)
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Compound 15b (13C) 2 22353 19
A_.E_Emﬁ:_._‘_m:,__:ou.zhz.n__mﬁ:fm.m-ﬁH-Emﬁt_.m-oxou{_.nm__m_mmg% hen@]-3-sulfonamide
, | o -1200
BCNMR (101 MHz, CDCL) & 174.18 (s), 145.65 (s), 144.90 (s), H4C 0 I
141,63 (s), 139.31 (s), 136.54 (s), 130.84 (s), 128.78(s), 127.17 (), 19 /520 wﬁoo
12697 (s), 118.25 (s), 57.21 (5), 44.45/(5), 4241 (s5), 39.56 (5), CH, N— ;/ | 1000
33.14(s), 30.00(s), 14.47 (s). _ :
P Ny N N 900
=
!

1300

42.41
==39.56

1
L
1
1
—1
57.21
——44.45
14.47

—33.14
—30.00

800
700

t 600

500

G (s) L (s)

144.90 12717 400

E@ | K© By B lPE -300

13p.31)/128.78 _ 42.41 | 33.14 500

1/(s) | |llo.s) N(s) | d(s) Al(s) || Q(s) R (s) B
174.18 136.54 118.25 57.21 39.56 |[30.00 14.47 i

e il

Gk

I i) T Fo
al(s) F
141,65 13p.8¢ 44.45 -100
(s) =200

6.97 r
300

H-(s)
145.65 1

[

--400

r-500

--600

700

-800
900

r-1000

F-1100

r-—ro. 97 *T1 1 1 ° 1 °* T T+ T T* T ' T *~ T ‘* T * T ‘* T T T T T ‘* T T©* T ‘* T T©™ T T* 1
210 200 190 180 170 160 150 140 130 120 Jum_ ( H%o 90 80 70 60 50 40 30 20 10 0
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Compound 15¢ (1H) RERRBETLARRRRINR RORRRERRAGEAYTESRNALSINCEBRRTERASR =53 23000
N,N-diethyl-3',4"-dimethoxy-6-( 1 ﬁéﬁﬁ_uzmis 3-sufbimtler TG T 0T TP T Y ST i :
H NMR (400 Ml CDCl) 8 7.7 (dd,.J — 8.3, 2.1 Hz, 1H), 169 1d..J = [22000
2.0 Hz, 1H), 7.46 (d, J= 8.3 Hz, 1H), 6.94 (d, J=82Hz, 1H), 6.76 (dd, .J | 51000
=8.1,2.0 Hz, 1H), 6.72 (d, J = 2.0 Hz, 1H), 3.93 (s, 3H), 3.89 (s. 3H), .
381 372 (m 1H), 3.57 (dd. J— 10.0, 8.6 Hz, 1H), 3.40 (dd. J— 10.0, 20000
6.4 Hz, 1H), 3.25 (q, J=7.1 Hz, 4H), 2.89 (s, 3H), 2.77 (dd, J = 172, 9.6 HaC o] ) _ i
Hz, 1H), 2.57 (dd, J=17.2, 7.5 Hz, 1H), 1.16 (t,J=7.1 Hz, 6H). a/z|5\?¢ f ..Eooo
2 ../ ( _ r 18000
\\O;,/. \\._._...f/ 2..// \._.U | r
H,C ™ 2 TEan T . _ . 17000
H [ b _ | | [ i [ N . 16000
I 4 H.C 13 o B J J rd J
N N G e :
-8 - __ % 15000
r// \a s) 14000
3 3163 I
| 13000
L (d) O (dd) 0=8=F0 (s)| |F(dd)| ||B (dd) i
7.69 6.76 AT e 589 | | 13.40 2.77 12000
N I
K(d)| [N@ T T H(m)| [E@ A (dd) iG] 11000
746 | | 6.94 _ _ 3.77 | | 3.25 2.57 116 [
HH H _H CHs3 CHy  HFIEEIT HH L
M-(dd) P-(d) = = G{dd) Ci{s) 9000
7.78 6.72 3.57 2|89 .
8000
| L
7000
6000
5000
4000
| I
_ Lt 3000
| I L
l 2000
! 1000
W, | — A F. ID
it i L P PR g N 1000
85§ &aa 858888 SR & .
(== |=E=N=] [N = ~N—- o w |INDDO
[ E T E T E T E T E T E T E T E T E T E T E T E T E T E T E T T T E T T 1
100 95 9.0 8.5 8.0 75 7.0 6.5 6.0 5.5 50 45 4.0 3.5 3.0 25 2.0 1.5 1.0 0.5 0.0

1 (ppm)
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Compound 15c¢ (13C) 3 wmmmm 5528392 g - BY @@ ©
zhz.n_mﬁ_.\_-w_..n_..n__Emﬁsoé.m.yﬁ.amﬁg_-m-cxcg ﬁ@%m WH Wﬂ@@@ﬁ-u-wc_ﬁo@ﬂam m% 8 §g &g < |
_ HAA TNV N SN (I _
B0 NMR (101 MHz CDCL) 5 174.04 (s), 149.00 (s), 149.06 (s), e - b
14529 (s), 142.83 (s), 138.93 (s), 132.07 (s), 128.84 (s), 126.68 Eril 2
(s), 126,62 (s), 121.46(s), 11233 (s), 11132 (s), 57.17 (s). 56.18 N—1& I
(s), 56.14 (s), 42.37 (5), 39.62 (5 ), 33.05 (5), 29.93 (5), 14.46(s). A \
0 1 ] 15
:uo\a/ _N\\\ /_a J\ 2000
29
H4C IERN ] L
5;/0\ ,,/:\ //_\ /o
30 | _ 1500
u//.\.\\a
P(s) N (s) 0=8==0 1000
149.06 126.68 ok I I
N L
H(s) | E(s) L(s) | K(s) %" By T(s) B|(s) || S (s)
149.09 | 138.93 121146111132 | _ 596.18 42.37||33.05 L500
CH CH
1(s) IR || D) g | B> ®® d(s) As) |[RGs) Q(s)
174.04 14D.8B || 13R.07 112.33 57.17 39.62|]29.93 14.46 I
[ ] 1
-0
14
-500
--1000
--1500
--2000

210 200 190 180 170 160 150 140 130 120 Jﬂ? H%s 90 80 70 60 50 40 30 20 10 0
ppm
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Qaue_.aHmmﬂgmmmxnyiﬂ@mmmmx%y $RAR NREMRYSSYESSRBEnRes i
3-(benzo[b]thipghent3 -yl dethi-5-(1-meth) benzenesulfonamide AR AR I A S RN i S|
'H NMR (400 MHz, ccnam q.u,_ma TTRD D ﬁf& J=83, TS S e e
2.1 Hz, 1H), 7.75 (d. J=2.0 Hz 1H), 7.56 (d, /= 8.3 Hz 1H), 7.46 — 7.39
(my, 1H), 7.39— 7.32 (m, 2H), 7.30 — 7.24 (m, 1H), 3.65 — 3.30 (m, 3H), (
3.27{q../= 7.2 Hz, 4H), 283 (br d,./ = 8.7 Hz, 3H), 2.77 — 2.44 (m, 2H). i
1.15(t,.J = 7.1 Hz, 6H). H.C o)
u.I/ /15 [
N—11 )
)2 /c _\.\ __ __ﬁ
i 13 1 | \
| f ks ~33 /\ ______ _ 7
__, ___ ( __ x | _ rx__na ____ _ .__. __ _ |
i e\ A1 |1/ )
\\ No..\ /,/._\\ ﬂw
a0/ I |
J(m) D=0 2ot
7.36 ﬂ
E (dd)} || H (m) 0=—5=0 Lita) K-(m)
7.89 || 7.42 4 &8 7 327 2.60
N
D (d) |G (d) 157 g B(m) | [A(brd) G )
7.95 | 7.56 | | 3.44 2.83 15
FLH == CH4 CH, = A
F(d)| |I(m) = b
775 | | 727
|
|
_ |
__
|
..rl__([,._\kcr S —— L aad N4
pty W i
GEERBRA @
[=N=N=1=1 ] w
[ T T T T T T T T T T T T T T T T T T T T T T T T T T
100 95 9.0 8.5 8.0 75 6.0 5.0 45 4.0 3.5 3.0 2.5 2.0 1.

1 (ppm)
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Compound 15d (13C) CHIBYRTONNERRT e agw oxs o
3-(benza[b]thiophen-3-yl)-N,N-diethyl-4-(1-methyl-5-oxofy @it -4 o e Rresuliprami B m g w_ mm g b
BCNMR (101 MHz, CDCL) & 129.61 (s), 127.64 (s), 126.85 (s), ==t LAl \/ N VAR _
12510 (d, /=174 Hz), 123.20(s), 122.24 (s), 57.03 (d,.J = 67.2 Hz),
4233 (s), 39.84 (s), 38.75 (s), 33.33 (d, /= 19.8 Hz), 29.88 (s), 14.40
(s).
H4C
m_._/ 15
z|:/
13 10
S — ~_
128
a7 .iNU// 8 4
K(s) |y I N
127.64,1 i :
I(d) [[2e= iz
125.10 ﬂ\
122.24 6 8 | 17 39.84
A(s) 197 18 Ty B(s) [M(s) N (s)
129.61 38.75}29.88 14.40
[QLu=NI] CH, IH i [
H (s) = Dj(s) | L (d)
123.20 43.33 | 33.33
...tit— P T L DAL S ]
H
|
[ T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T 1
210 200 190 180 170 160 150 140 130 120 110 100 90 80 40 30 20 10 0

1 (ppm)
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Compound (RY'S (IH) @5 ANdARRNENAIRRANRAS REERGAGRAYT SRR 8RGAAR
(R)-1-methyl-4-phenylpyrteld-2-90g T 1 S T T 0 ST DT T Y pledrddrbednbnle QG o i ko 25000
TH NMR (400 MHz, CDCl3) § 7.37— 7.30 (m, 2H), 7.29 — 7.20 (m, 3H), 3.74
(dd,J=9.6, 8.3 Hz, 1H), 3.57 (dt,.J = 16.9, 8.4 Hz 1H), 3.40 (dd, /= 9.6, 7.0
Hz, 1H), 2.90 (s, 3H), 2.81 (dd, J = 16.9, 9.1 Hz, 1H), 2.34 (dd,.J = 16.8, 8.3 Hz, I
1H). |
4 130000
__ HsC o [ r :
7 _ 31, K ( ___ _ [ (
(| N—¢ |y /]
H 10 ,_._, IS RS [ 25000
1n 8
/ﬁ\
P
i ? 20000
H (m) _ E (dt) B (dd)
7.24 N 3.57 2.81
G (m) D (dd) A (dd) I
7.33 3.40 2.54
HH HHHH B H 15000
F (dd) cl(s)
3.74 2190
10000
[}
i : L5000
|
| |
| I L
E h S I % |
(U1
\ . . I\ L _\_.ﬁ ]
iy e ie AL
® 7 5388 58 & .
— M — ~ - (=1
[ E T E T E T E T E T E T T E T E T E T E T E T E T E T E T E T T E T T 1
10.0 95 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 45 4.0 35 3.0 2.5 2.0 1.5 1.0 0.5 0.0

1 (ppm)
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Compound (R)-5 (13C) :
ﬁ_..a-H._,:mﬂi_.A-U:.mi_,_u,___.a__a_m-m-o:m

3C NMR (101 MHz, CDCl:) & :r% (s), 142,66 (s), 129.00 (s),

=3
o

127.18(s), 126.83 (s), 56,81 (5, 38:92 (s), 37.28 (5, 29.70 (5).

1(s)
174.00

3 8=a
s A8 E
_ N
HsC 0
12, k_u
N—9
: \
1]
1" &
/ﬁ\
Fi
i N
Di(s) _ |
12p.18 2 4
N
F(s) d(s)
142.66 126.83

—56.81

~—38.92
—37.28

G(s)
56.81
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29.70
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Compound (S)}-5 (1H) B I RRaMARRNNSSHYSNRNARR RERRGAGARSTSRER8RHKARE
(S)-1-methyl-4-phenylpyrTfiim2aones ™ IInirARIsn AR LIRS PR N g Y .
'H NMR (400 MHz, CDCL) & 7.37 - 7.29 (m, 2H), 7.29 — 7.19 (m, 3H), 3.74
(dd, J=9.6, 83 Hz 1H), 3.57(dt, /=169, 8.4 Hz, 1H), 3.40 (dd, /=96, 7.0 40000
Hz, 1H), 290 (s, 3H), 281 (dd,./ = 169, 9.1 Hz, 1H), 234 (dd,/ = 168, 83 Hz,
1H). _ F
(l 135000
__ _ HaC -
__ ._N/Z|u\M_r. ;_ 1 | | |
7 | 10 Y ___ | | (
H il s L - 30000
1 //\ i 1 1
! I
T
_ _ 25000
2 4
H (m) ~7 E@| [b@d .
7.33 3.57 2.81
G(m) D (dd) A{dd) 20000
7.24 3.40 2.54
HH HH H H L
F (dd) (s)
3.74 290 b
| 10000
__
D— 5000
|
| I
S | h |
[l
M i SR "
! W A |
&’ 7 588 52 & I
M — o ~ — (=3
[ E T E T E T E T E T E T E T E T T E T E T E T E T E T E T E T T T T 1
100 95 9.0 8.5 8.0 75 7.0 6.5 6.0 5.5 50 45 4.0 3.5 3.0 25 2.0 1.5 1.0 0.5 0.0

1 (ppm)
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Compound (S)-5 (13C) &
(S)-1-methyl-4-phenylpyrrolid mu.m-o:m

3CNMR (101 MHz, CDCL) & :w% (s), 142.65(s), 128.99 (s),

142.65

12717 (5), 126.82 (s ), 56.80 (s), 38.91 (5), 37.27 (), 29.69 (s ).

F(s)
173.99

G (s)
142.65

o
oS e e a8
885 8 BE 8
% _ \ _
HsC o
12\, \M_.r.
N—=
10 \
/ \
1" a8
N~
-]
T
Di(s) I A B|(s)
127.17 3 371.27
d(s) H(s) I(8) || Al(s)
126.82 56.80 38.81| 29.69
T i
E| (%)
128199
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Compound (R)-15¢ (1H) RERRRALEEIRRRRRL CEE .
(R)=N, N=diethyl-3",4"-dimethoxy-6:(1- mdﬁa\ﬁ ﬁﬁ%ﬁl.bﬁ:m@:. 1f.ﬂ X] 7500
TH NMR (400 MHz, CDCL) § 7.78 (dd,J =% 3, 20 Hy 1H), .7 .
(d,.J=2.0Hz 1H), 747 (d,./ = 83 Hz, 1H), 6.94(d,./ 8.2 Hz, L7000
1H), 6.77(dd, /=81, 2.0 Hz, 1H), 6,73 (d, J = 2.0 Hz, [lH), 3.94 ! I
(s, 3H), 3,89 (s, 3H), 3.79 - 3.69 (m, 1H), 3.55 (dd, J=P.9, 8.5 Hz, :u_m./ 0 _
1H), 3.38 (dd, /=99, 6.2 Hz 1H), 326 (q, J = 7.1 Hz, {iH), 2.88 N—tt 6500
(s.3H), 272 (dd, /= 17.1, 9.5 Hz, 1H), 2.51 (dd,.J = 14.9, 72 Hz, 7\ ___ L
1H), 1.16/(t,.J = 7.1 Hz, 6H). Y NE N N | ) P
H4C 12 10 7
s 1T ] ¢ | |
T I B PR NN N 111 1 5500
oy [ 9 1 : U_ I I | L
: 5000
™~ I
d—s—o 4500
L (d) O (dd) 1P Hi(s)| |E(dd)| |[B (dd) |
7.70 6.77 a5 3189 | | 3.38 2.72 it
K (dd) N (d) G(m)||D(q) A (dd) J)(©) L
7.78 6.94 CHs  CH; 3.75 || 3.26 251 116 e
HA —H H HI B H HH WO H [
M(d) P(d) Li{s)}H| F(dd) Ci(s) 13000
7.47 6.73 3{b4| 3.55 2,88 I
2500
2000
1500
_ P I
f - 1000
__ | L
a {4 0 500
|
Iil, I I : L
il
L) N, Y, (- ) kg i / ‘—L..F l>»&\_ rL. Lo
Wi, K p it i b bt W, ot i I
s 558 88753283 R&ES R --500
(=T =T ] coo [ I B = N ] ~NOo uw
[ T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T 1
00 95 90 85 80 75 70 65 60 55 50 45 40 35 30 25 20 15 1.0 05 0.0

1 (ppm)
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Compound (R)-15c (13C) % ZRBRE Z255IR bl wan 28 =R 2
ﬁ_..a.zHz-n_mﬁ?...ﬁ_-w.h_-n_:,_mﬁ:o%.ATs,_mﬂ:___._.m.ox ﬁm@@mm yl)- mm.%m_mw_:q_: .H&mmqoﬁma_n_m igg g o g o g <
_ USSA TV Y ~ 1 _
BCNMR (101 MHz CDClL) 8 173,29 (s), 149.09(s), 145.72 (s),
142.80 (s), 140.80 (), 138.86 (s), 132.19 (s), 128.84 (s), 126.67 (s). e =
126.64 (s), 121.501(s), 11239 (s), 11131 (s), 56.96 (s), 56.20 (s}, 3 .
56.17 (s), 42.39 (s), 39.80 (s), 33.04 (s)), 29.77 (s), 14.49 (s).
3
H (s) T (s) _
145.72 126.64 0=8=0
1 ﬂ 22
I(s) | E(s) L(s) N | N P (s) Bl (s) || Q(s)
149.09 [ 138.86 | {126.67 112.39 N_L B 56.20 42.39(33.04
|
J(s) G(s) | D(s) || M(s) | O(S) CH,  CH;, C(s) A(s) [| RIs) 5(s)
173.29 142.80 | 132.19 || 121.50 [ 111.3135 56.96 39.80| | 29.77 14.49
1 | I N H | 1 I Hi 1 1 ]
F{s) K(s) U(s)
140.80 | |128.84 56.17 _
b
I _
| I
|
| __ |
[ T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T
210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10

1 (ppm)
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Compound (S)-15¢ (1H) 2aR PLRRRRERR 222
(S)-N,N-diethyl-3',4'-dimethoxy-6; mdm \wu H@L -biphenyl]- bl i
| Ly DRI S 1! N2 000
H NMR (400 MHz, CDCl) § 7.78 (dd, J = 8.3, 2.1 Hz, 1H), 7.70 (d,J = 2.0 Hz,
1H), 7.47(d, J=83 Hz, 1H), 6.94 (d,.J = 8.2 Hz, 1H), §.77 (dd, J=8.1, 2.0 Hz, I
THY, 6.73 (d, /= 2.0 Hz, 1H), 3.94 (s, 3H), 3.80 (s, 3H)| 3.78 — 3.68 (m, 1H), 3.55 H,G ) 0 6500
(dd,J=9.9, 8.5 Hz, 1H), 3.38 (dd, J=9.9, 6.3 Hz, 1H)|3.26(q, /= 7.1 Hz, 4H), N—16] _ I
2.88(s, 3H), 2.72 (dd, J = 16.9, 9.7 Hz, 1H), 2.51 (dd, S = 17.0, 7.4 Hz, 1H), 1.16 T\ ) 6000
(t, J=T7.1 Hz, 6H). o 1 18 15 | B
Iuo\ A AT " | , I
HaC 4_., _ w . _ _ 5500
3 | S o
il o g7 SN N 7 'y __ // I
I [l 30 __ _ nilorr | f / | 5000
N/// \.\L |
3
_ ¥(s) 4500
0=8=0 3.94 L
21 Mw 22
L (d) 0 (dd) N L(s)| | F (ddy| |8 (dd) i
7.70 6.77 N_A 2 N_x, 589 | | 3.38 2.72 i
K(dd) N (d) CHy;  CHy H(m) || E(a) A(dd) D) 3500
7.78 6.94 eC 26 3.73 || 3.26 2,51 1116 i
HAE _—H H _H [ = =1 H L H GE
M (d) P (d) G (dd) C(s) 2l
7.47 6.73 3.55 2.88 I
~2500
~2000
|
y __ I
|
A r.l.r_ el L
ML, H yoo
BEG B5 8
(=T =T]8 -] coo
[ T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T 1
100 95 9.0 8.5 8.0 7.5 7.0 6.5 6.0 55 5.0 4.5 4.0 35 3.0 2.5 2.0 1.5 1.0 0.5 0.0

1 (ppm)
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Compound (S)-15c (13C)

=
0 0

(S)-N,N-diethyl-3",4'- n_amn:cxx._m.AH-3@5_.__._-m.cxcuu__:o___a__:.u.{_:.?m.mm
1

BCNMR (101 MHz, CDCL) & 128.84 (s), 126.68 (s). 126.65 (s), 121.51
(s), 112.39(s), 111.31 (s), 56.97 (5). 56.21 (s), 56.17 (s). 42.39 (s), 39.80
(s), 33.05 (s), 29.78(s). 14.50 (s).

fonamide

1865

— o

n 7y

Enyi]-3
K
|

1831

(9] 1
AU =
_v_uo 28 ._r\
25
H-C 13 g
u:/.,o\ S
30
D (s)
121,51
B (s) F(s) N
126.68 111.31 N_L\ NG,,,,N__..
A(s) E(s) CH; = CH,
128.84 112.39 2 5
[ 1 [1}
CH(s)
126.65

BAR A8 B8R 2
RRR d8 8 s
S e _
L (s) H(s) [ G(s)
56.17 39.80 | [29.78
K (s) 1(s) ([M(s) N (s)
56:21 [ [42:39{133.05 14.50
HY (] [ [
I1(s)
56.97
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Appendix M — Chapter 3 X-ray Crystallographic Data Collection and

Refinement Statistics

Compound Title 5
Resolution range 39.24 - 1.5 (1.554 - 1.5)
Space group P212121
Unit cell 37.619 44.022 78.478 90 90 90
Total reflections 43068 (4224)
Unique reflections 21534 (2112)
Multiplicity 2.0 (2.0)
Completeness (%) 99.97 (99.95)
Mean I/sigma(l) 9.00 (2.95)
Wilson B-factor 7.59
R-merge 0.04589 (0.2057)
R-meas 0.0649 (0.2909)
R-pim 0.04589 (0.2057)
CC1/2 0.991 (0.895)
CC* 0.998 (0.972)
Reflections used in refinement 21531 (2112)
Reflections used for R-free 1083 (115)
R-work 0.1587 (0.1861)
R-free 0.1799 (0.2349)
CC(work) 0.966 (0.932)
CC(free) 0.962 (0.831)
Number of non-hydrogen atoms 1409
macromolecules 1145
ligands 13
solvent 251
Protein residues 127
RMS(bonds) 0.007
RMS(angles) 0.88
Ramachandran favoured (%) 99.18
Ramachandran allowed (%) 0.82
Ramachandran outliers (%) 0.00
Rotamer outliers (%) 3.03
Clashscore 7.42
Average B-factor 12.86
macromolecules 10.31
ligands 10.33
solvent 24.62
Number of TLS groups 11

Statistics for the highest-resolution shell are shown in parentheses.

283



Compound Title 7b
Resolution range 38.22 - 1.55 (1.605 - 1.55)
Space group P212121
Unit cell 43.744 48.942 61.184 90 90 90
Total reflections 38813 (3766)
Unique reflections 19417 (1888)
Multiplicity 2.0 (2.0)
Completeness (%) 98.64 (97.42)
Mean I/sigma(l) 10.83 (3.34)
Wilson B-factor 10.18
R-merge 0.02792 (0.1815)
R-meas 0.03949 (0.2566)
R-pim 0.02792 (0.1815)
CC1/2 0.998 (0.929)
CC* 1(0.981)
Reflections used in refinement 19416 (1887)
Reflections used for R-free 967 (96)
R-work 0.1921 (0.2224)
R-free 0.2317 (0.2986)
CC(work) 0.954 (0.910)
CC(free) 0.907 (0.812)
Number of non-hydrogen atoms 1321
macromolecules 1088
ligands 22
solvent 211
Protein residues 125
RMS(bonds) 0.008
RMS(angles) 0.87
Ramachandran favoured (%) 97.56
Ramachandran allowed (%) 2.44
Ramachandran outliers (%) 0.00
Rotamer outliers (%) 0.00
Clashscore 5.89
Average B-factor 16.12
macromolecules 14.43
ligands 10.56
solvent 25.40
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Compound Title 7h
Resolution range 40.27 - 1.59 (1.647 - 1.59)
Space group P1211
Unit cell 36.03 79.205 46.819 90 92.82 90

Total reflections

70281 (6907)

Unique reflections

35239 (3490)

Multiplicity 2.0 (2.0)
Completeness (%) 99.01 (98.67)
Mean I/sigma(l) 10.29 (1.76)
Wilson B-factor 14.82
R-merge 0.04201 (0.4002)
R-meas 0.05941 (0.566)
R-pim 0.04201 (0.4002)
CC1/2 0.997 (0.75)
CC* 0.999 (0.926)
Reflections used in refinement 34938 (3488)
Reflections used for R-free 1769 (179)
R-work 0.2150 (0.2897)
R-free 0.2653 (0.3388)
CC(work) 0.946 (0.869)
CC(free) 0.924 (0.883)
Number of non-hydrogen atoms 2661
macromolecules 2164
ligands 40
solvent 457
Protein residues 253
RMS(bonds) 0.007
RMS(angles) 0.89
Ramachandran favoured (%) 97.99
Ramachandran allowed (%) 2.01
Ramachandran outliers (%) 0.00
Rotamer outliers (%) 0.82
Clashscore 6.89
Average B-factor 19.89
macromolecules 17.96
ligands 25.01
solvent 28.58
Number of TLS groups 22

Statistics for the highest-resolution shell are shown in parentheses.
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Compound Title

15¢

Resolution range

38.54 - 1.48 (1.533 - 1.48)

Space group P212121
Unit cell 42.83 52.047 57.354 90 90 90
Total reflections 43743 (4078)
Unique reflections 21884 (2051)
Multiplicity 2.0 (2.0)
Completeness (%) 99.53 (95.35)
Mean I/sigma(l) 20.37 (3.99)
Wilson B-factor 17.41
R-merge 0.01351 (0.1648)
R-meas 0.01911 (0.2331)
R-pim 0.01351 (0.1648)
CC1/2 1 (0.894)
CC* 1(0.971)
Reflections used in refinement 21882 (2051)
Reflections used for R-free 1097 (92)
R-work 0.1776 (0.2258)
R-free 0.2034 (0.2628)
CC(work) 0.969 (0.861)
CC(free) 0.949 (0.755)
Number of non-hydrogen atoms 1349
macromolecules 1137
ligands 31
solvent 181
Protein residues 125
RMS(bonds) 0.007
RMS(angles) 0.93
Ramachandran favoured (%) 100.00
Ramachandran allowed (%) 0.00
Ramachandran outliers (%) 0.00
Rotamer outliers (%) 2.33
Clashscore 4.74
Average B-factor 25.30
macromolecules 23.30
ligands 34.76
solvent 36.21
Number of TLS groups 9
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Appendix N — Dose Response Curve of 5-methyl-3-aryl-1H-pyrazoles

Dose Response Curves of
Pyrazoles Against BRD4 BD1

100+

=R
g 9; ] -~ 3h
3 5 507 = 3s
X s '
%

0 ey rr— & »

106 105 104 1073

[Compound] (M)

Figure S1. Dose-response curves to determine the 1Cso of pyrazoles 3h and 3s. Curve fits were

calculated using GraphPad Prism. Experiments were performed in duplicates.
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Appendix O — Video of Pyrazole 3h

Video provided on USB.
Video to be uploaded in the near-future.

PDB code of FL-411 provided in video. Crystal structure of 3h developed by Dr. lan Jennings

and Dr. Olga llyichova. Video edited and narrated by Joseph Hilton-Proctor.
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Appendix P — Electron Density Map of 3h

A 7 B

\ y
{‘e {

Figure S1. Electron density maps of 3h. [A] Bihding site. [B] Outside the binding site. The

2Fo-Fc electron density map is shown in blue mesh at a contour level of 1.0 sigma. Electron

density map developed by Dr. Olga Ilyichova.
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Appendix O — Chapter 4 NMR Data

mﬁﬁ%ﬁ?gﬁiéﬂqasﬁ JHWWF
'H NMR. (400 Mz, CDCly) 6 9.67 (brs, 1H),

7.74— 7.68 (m, 2H), 7.40— 7.34 (m, 2H), 7.34—

727 (m TH), 634 (s, TH), 228 (s, 3H).

Compound 3a (1H) & NARRE B83K8885
PORNA KAKRARN S

/| [
/ ) ]
C(m)
7.37
F (br5) B (m) A(s)
9.67 771 6.34
— H =S| =]
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!
|
|
I
- [}
T T T
g g 183 g

.28

m
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f1 (ppm)

12000

11000

10000

9000

8000

7000

6000

5000

4000

3000

2000

1000

1000

290



Compound 3a (13C) 2 o 232 b -
5-methyl-3-phenyl-1H-pyrazole g 9 HER4Y g -
13C NMR (101 MHz, CDCl5) § 150.08 (3), _ _ b5
14326 (), 132.64(5), 12880 (5), 127.94 (s,
12583 (s), 10221 (5), 11.81 ().
—NH
N 10
.___._ ,cll.o_v_
5 7 3
S ,;J\ =
El(s :
128.80
G (s) 1Cl(s)
143.26 1126.83
F (s) H (s) B (s) A(s)
150.08 132.64 102.21 11.81
= H =l ] T
(s
127.94
i i
1 A
1 | T
I I
i
[ T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T
200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0

1 (ppm)
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Compound 3b (1H) S 299 38 R OB 5
u-?mﬁmc?:T,uun__oxo-m._.\_Jm-s,_mnzﬁ-:._-uimmo_m _,,f_.___;\? .nfxﬁ ._u _k_J o~ I
'H NMR (400 Mz, CDCL) 3 9.29 (br s, 1H), 7.20 - | L9000
7.14(m, 2H), 6.79 (d,J = 8.6 Hz, 1H), 6.23 (s, 1H), 5.96 )
(s, 2H), 2.28 (5, 3H). |
_. 8000
_ L
7 f _ _NH
__ N~ 7000
/ _ _ R i ¥—CH
4 0. \cﬂ./f \.f.,ff.\ 12 3 1 L
/13 4__ 5 8
14
- 6000
/O\\LJ/ P
15 3 L
E (m) ds)
7.16 5096 -5000
F (brs) D (d) B (s) Al(s) F
9.29 6.79 6.23 2128
— P — - =1 L4000
3000
2000
1000
| |
A A . LA I . Lo
iy | w fioH g L
o 8| 3 3 B 8
— — — [=1 — [as]

11.0 105 100 95 9.0 8.5 8.0 7.5 7.0 6.5 6.0
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Compound 3b (13C) 2 TR = 5 =T3S . 70000
u.?m:wo?:T,Bn_oxo.m._m;-m-s,_mﬁ:ﬁ-E-E@%m g ] 7 8853 _m |
I3C NMR (101 MHz, CDCl5) § 149.93 (5), 148.05 sk | _ _ [
14745 (s), 143.02 (s), 12696 (s), 119.54 (), 108.58 I i 60000
(s), 10649 (), 101.89 (s), 10120 (s), 11.75 (s). I
1 1 o 50000
N1
._.__ 10 . L
) s CHy
t o.f_\f/.u\.f;\ 12 40000
O\.\m ~. =
. | 0 3 30000
J(s) K (s) |
149.93 | 101.20 | 50000
H (s) F(s) d(s) L
147.45 126.96 06.49
10000
G (s) El(s) Bl(s) Al(s)
143.02 118.54 10i1.89 11.75 F
L1 | H -
e e ES)] T 0
148%.05 108.58 |
Il
. --10000
|
--20000
-30000
--40000
--50000
[ T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T 1
200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0

1 (ppm)
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Compagnd 3d (1H) o ol i ~ - B
u-E-:ﬁ&oénzm:iw-mﬁ%_@ﬂ%ﬁ%mpm_..nr, wﬂmm" g w 5 - o 17000
: _ ) - e ) ] _ I
H NMR (400 MHz, CDClL) 8 10.53 (brs, 1H), 7.37~ 16000
7.30 (m, [1H), 7.27 — 7.24 (m, 2H), 6.96 (ddd, ./ =8.3,24, L
" 0 . - .
1.1 Hz, 1H), 647 (s, 1H), 383 (s, 3H), 241 (5, 3H). 15000
[ | I
_._ T 14000
_ n—NH q _7 _. ; 13000
| T R 7 .
__ O B \ 3 L
/ Imo\ax,,__\ ﬂ//ﬂ\ e m_ﬂ ] ] ] 12000
14 L
10000
E (m) |
G (brs) D (ddd) | A (s) B(s) d(s) L8000
10.53 65.96 | 6.47 3183 2141 |
— HH —H A H
F (m) 7000
7.25 i
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4000
3000
2000
_ L
|
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__ E\[‘ |
v J -0
K g ft f i I
a 58] R & & & ~-1000
(o} — e~ j =1 (=1 ~ o~ L
[ E T E T E T E T E T E T T E T E T T L T E T T T E T T T E T T T T 1
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5.5
1 (ppm)
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Compound 3d (13C) 2% 38 293 g
3-(3-methoxyphenyl)-5-methyl- :._@_._qmmo_ &3 88 222 g
B3¢ NMR (101 MHz, CDCL) § 160,29 %. 147.88 (s}, | / /o
144.46 (s), 130.44 (), 12926 (s), 118.88 (s), 11623 (s), _
111.62 (s), 103.76 (), 55.51 (8), 11.47 (s).
—NH
I \_...u IOIu
IuO _h ﬁ\\ nﬁﬁ ff;m\\
~_ \\\ 1(s) (s) D|(s)
144.45 1P9.26 1101162
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Compound 3e (1H)
3-(4-methoxyphenyl)-5-methyl-1H-pyrazole

'H NMR (400 MHz, CDCL) & 7.62 (d, J = 8.9 Hz, 2H),
6.94(d, /=89 Hz, 2H), 6.41 (s, 1H), 3.84 (s, 3H), 2.41
(5. 3H).

163
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14 0 3
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6.41
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Compound 3e (13C) 2 w e 3 g 82 n % o
u-Q.Emﬁox{ﬂ:m:{_w.m.amﬂ:_.___.:.@S.mmo_m m T g Z = = u m
BCNMR (101 MHz, CDCL) § 161.36k3), 14745 (s)l | || _
14447 (s), 128.05 (s), 119.99 (s), 114.80 (s), 103.05 (s),
55.54(s), 11.45 (s).
-
:mmfo\v/ H(s) 1(s)
i 144.47 119.99
F(s) G (s) El(s) Di(s) C(s) B|(s) A(s)
161.36 147.45 128.05 114.80 | | 103.05 55.54 11.45
H —=H n 1
i a 7 7 " oy i
|
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|
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Compound 3f (1H) NNAe29933 2 g I
2-methoxy-5-(5-methyl- 1H-pyrazol-3-yl)phenol HHHHUL,\?_MU, ;_u = 1_1 L 58000
"H NMR (400 MHz, MeOD) & 721 (dd, J=82,2.2 Hz, I
1H), 7.19(d, J = 2.1 Hz, 1H), 7.01 (d,.J=8.3 Hz, 1H),
6.58 (s, TH), 3.90 (s, 3H), 2.40 (s, 3H). _ 26000
24000
_ 22000
_) 7 —NH I
___. _ ﬂ A 1 20000
8 : _..II.OIm L
RN N B
__ 18000
H4C 2 4 r
NS 16000
B AQV 14
7101 r
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Compound 3f (13C)

B8R 3RZ3 B o m
N.Emﬁox#m.nm-amﬁ:{_.HI-uﬁmNo_.wéau@m.cm £ HEZZ 8 8 =
¢ NMR (101 MHz MeOD) 8 150.60 (s), 14990 ¢ 2SN _ _ _
14829 (s), 146.78 (5), 11920 (s), 114.18 (5), 113.01 (s),
103.83 (s), 5649 (s), 11.23 (s).
D|(s)
150.60
B (s)
148.29
A(s) E (s) H (s) L(s) 1(s)
146.78 119.20 103.83 56.49 11.23
T11 [E= =T =] i i
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|
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Compouind 3i (1H) TAUEERARG @
3-(2,6-difluorophenyl):5-methyl-1H-pyrazole. T w1 _,,r“._,m_;?_m,. o I
IH NMR (400 MHz, MeOD) 3 7.61 (tt,./ =84, 6.4 .
Hz, 1H), 7.26 — 7.19 (m, 2H), 6.85 (s, 1H), 2.52 (s, 40000
3H). ]
|
H 35000
5 F n-—NH
| .__u I \.u —CH i
| | 8 7 7 bl
| P Ty 2
A ﬁ_ i : ! 30000
N//u\\\f/,, . I
14
25000
B (m)
7.23 .
C (tt) A(s) Di(s)
7.61 6.85 2|52 20000
H  H H
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AN |D
L T i
38 8 8 ) .
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6.0
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Compound 3i (13C)

3-(2,6-difluorophenyl)-5-methyd- tHeprazole

13C NMR (101 MHz, MeOD) 3 16143 [ddl, J = 252.4,
6.0 Hz), 147.03 (s), 137.72 (s), 134.07 (t, J = 10.9 Hz),
113.66— 113.34 (m), 109.57 (t, J=4.3 Hz), 11.04 (s).

TLE ) RS
g 53
[
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Compound 3j (1H) RERZUNZERARRAAALETOR | X A .
3-(2-nitrophenyl)-5-methyl-1H- NN RNk T i ¢ i
( phenyl) y San bl | 11000
'H NMR (400 MHz, CDCL) § 7.77 (dd, J = 8.0, 1.0 Hz, 1H),
7.62(dd, J=7.7, 1.7 Hz, 1H), 7.59(td,J = 7.5, 1.2 Hz, 1H), L
7.52—7.46 (m, 1H), 6.78 (brs, 1H), 6.24 (s, 1H), 2.38 (s, 3H). _
“ _ 10000
| !
| 9000
_
| . i
L_ w_m-s ﬂ: x 8000
; . ®7=CH
6 7 \ 3 L
N NP VA
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Compound 3j (13C) aRA TUERS 8 @
3-(2-nitrophenyl)-5-methyl-1H-pyrazole ged HAddAS =] =
3CNMR (101 MHz, CDCh) § 149.10(5), 145.70 (), 1adw1 N2 1/ _
(s), 13243 (s), 13115 (s), 129.56 (s), 125.78 (s), 124.09 (s),
10528 (s), 11.29 (s).
N
. il £9——CH,
_\.\n.ﬂ///u\\. .f.r.J\ 12
NPENG:
L) o
131.15 o
14
I(s) D (s)
145.70 125.78
H (s) C(s) B (s) A(s)
142.31 124.09 105.28 11.29
HH H HHH H [1] [l
1(s) E (s)
149.10 129.56
G (s)
132.43
|
o e e
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Comgpund 3k (1H) I
u.E?di%:mic&ém%ﬁ.~1.u<_m%_m BE3BageEanRnRAG
) L L L L L 1 L | — rikhﬂ
H zr_:ﬁa MHz, CDCl) 5 12.09 (brs, 1H), 7.79 (1,
J=1.7THz 1H), 7.62 (ddd,./=7.8, 1.6, 1.0 Hz, 1H),
7.52 (ddd, J = 8.0, 1.9, 1.0 Hz, 1H), 7.28(t, J = 8.0 Hz,
1H), 6.47 (s, 1H), 2.43 (s, 3H).
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Compound 3k (13C) 33 RBENSH -1 - |
3-(3-bromophenyl)-5-methyl- 1H-pyrazole €3 HRARAHAH 3 A
=5 o fugofufejs =] T 2000
CNMR (101 MHz, CDCls) 6 146.94 (5), 14444 (s)] 13298~ NNe /7
(s), 130.88 (s), 130.44 (s), 129.55 (s). 125.00 (s), 12334 (s), I
103.96(s), 1142 (s). 1800
1600
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[\
.__._ 10 | L
X . 8™—CH,
wf_\aﬂ//”.\?fm\ 12 -1400
= 1200
_ L
D () 1000
101,55 F
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Compound:3! (1H) L o an |
5-methyl-3=(p-tolyl)-1H-pyrazole PR & P i
_ ) . N S 16000
TH NMR (400 MHz, CDCl) & 11.23 (brs, 1H), 7.56 (d, J = | .
8.1 Hz, 2H), 7.21 {d, J=8.3 Hz, 2H), 6.42/(s, 1H), 2.38 (d,J 1 15000
=76 Hz, 6H). _ I
14000
— i 13000
_ (- NN I
| H i gd—ch 112000
( [ T \ -3
] /] _ PN I |
_ _ 11000
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6.0
1 (ppm)
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Compound 31 (13C) RLS 529 2 = @
5-methyl-3-(p-tolyl)-1H-pyrazole m I a4549 8 m =
3¢ NMR (101 MHz, CDCl) § 147.96 (5), 144.57 (5% 14039 LN _
(s), 129.97 (s), 126.40 (s), 125.25 (s), 103.28 (s), 2149 (s),
1148 (s).
H,C
13
H(s) D (s)
144.57 126.40
G(s) F(s) as) B Al(s)
140.39 125.25 103.28 21 11.48
[ ey
I(s) E|(s
147.96 12p.
et R e A b s A
=
|
|
E T E T E T E T E T E T T E E T T
190 180 170 160 150 140 130 120 100 10

1 (ppm)

2000

1800

1600

1400

1200

1000

800

600

400

200

--400

600
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Compound 3m (1H)
3-(3-chlorophenyl)-5-methyl-1H-pyrazole

'H NMR (400 MHz, CDCL)Y 8 7.63 = 7.60 (m, 1H),
7.54(d,J=6.7 Hz, 1H), 7.33 — 7.26 (m, 2H), 641 (s,
1H), 2.38 (s, 3H).

24000
23000

L;zﬁ
—641
238

122000
21000
: 20000
_ 19000
v , 18000
1 N—N . mpuooo
NN 2N /" CHs 16000

15000

2 A 14000

€ (d) 13000
7.54

L 12000
B (m) A (s) ) 11000

[~ M

7.30 6.41 38

HH H H Hi 10000
D (m) I
761 9000

8000
wuo.uo
wmo.uo
wmo.uo

4000
3000
2000

1000

-

MEAN o

=

1000
2000

2.03-x
L0001 =
3.09-0

0.93
0.97

120 115 110 1105 100 95 90 85 80 75 7.0 6.5

E T E T E T E T E T E T E T E T E T E T E T E T E 1
60 55 50 45 40 35 30 25 20 15 1.0 05 0.0
1 (ppm)
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Compound 3m (13C) 8 & SR{KET 2 m
3-(3-chlorophenyl)-5-methyl-1H-pyrazole g 9 HARE&S g m
BCNMR (101 MHz, CDCL5) & 148.05 (s), 143.91(s), | NS\ |
135.06 (s), 131.77 (5), 130.39 (s), 129.26 (s), 126.46 (s),
12441 (s), 103.46(s), 1143 (s).
n—=NH
.___._ ,_..II CH
E(s ; - L
E%.wm m_/_\f///&\\x;x\ “
Hs) | | J() ._._
143.901| |131y7 ~ A
G (s} [{s) Ci(s) Bi(s) Al(s)
148.05| | |135.06|| 12441 10B.46 11.43
— I
D| (%,
126146
F|(s)
130.39
T ]
|
_ _
|
[ T T T T T T T T T T T T T T T T T T T T T T T T T T T
200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10

1 (ppm)
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Compojind 30 (1H) 2 BEBBYILIIIRR ITIH g g
u-ﬁN.Emﬁox{ﬂzm:iw.m.amﬂzi_u:._.us.mmo_m ?E aMnH.q_u )| 1 |
TH NMR (400 MHz, CDCls) 3 9.93 (brs, 1H), 7.64 26000
(dd,.J= 7.7, 1.5 Hz, 1H), 7.40 (ddd,.J =83, 7.6, 1.7 .
Hz, 1H), 7.09 — 7.00 (m, 2H), 6.56 (s, 1H), 4.02 (s, L
3H), 2.42 (s, 3H). q S
_ z\tuT._ __ 22000
_ & _W_ \ulllﬁm_u_m i .
i R ~7 | 4_1 i i 120000
\_ __ ‘_ J ‘_ ! r
2 4
NP /o\m:u 18000
13 L
16000
E| (ddd) r
7.40 -14000
G(brs) F (dd) || D (m)| A (s) B|(s) cl(s) :
9.93 7.64 || 7.04 | 6.56 4102 2142 L
[ HH H H Hi H
10000
8000
6000
-4000
| I [
2000
____ [
AN J b I U Lo
8 e = - " --2000
[ T T T T E T E T E T E T E T E T E T E T E T T T E T E T E T E T T T T 1
120 115 11.0 105 100 95 90 85 80 75 70 65 60 G55 5.0 40 35 30 25 20 15 10 05 0.0

1 (ppm)
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Compound 3o (13C) 2

@R @ & 88 3 2 2
u-ﬁ.amnﬂox{ﬂzm:{_w.m.amﬂ:ﬁ.~1.u<ﬁ~o_m 3¢ ik g 2= 3 w =
B3CNMR (101 MHz, CDCL:) & 156.73 (3), _t.aE, K I I |
142.79 (s), 131.49 (s), 128.53 (s), 121.34 (), 115.65 (),

111.85 (s), 104.00 (5), 55.86 ($), 11.86 (3).
N
. __. \eullo_.._u
(] 7 .
_ ___\ et ,,fm\
19| | e Bl (s)
14443 || 131,49 Hines s - 0
K (s) I1(s) Fl|(s) H(s cs) |° B|(s) Al(s)
156.73 142.79 12B.53 || | 115.65| | 104.00 5%.86 11.86
H - =] ]
Ei(s)
1211.34
éi;ﬁ o o B A e A 54 gt S A S O
[
|

|
[ T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T
200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10

1 (ppm)
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Compound 3q (1H) 39N 33 85 § g =
3-(2-methoxy-5-nitrophenyl)-5-methyl-1H-pyrazoes ¢ < < % e w = i L5500
e S _
TH NMR (401 MHz, CDCl3) & 8.61 (d, J=2.7 Hz, 1H), 8.20 I
(dd,J=9.1, 2.8 Hz, 1H), 7.08 (d,.J=9.2 Hz 1H), 6.58 (s, : _
1H), 4.09 (s, 3H), 2.37 (s, 3H). 5000
4500
_ _ I
[ ] 1.
I i ——NH 4000
_ I J m ﬂ 10 | I
I _....IIOI L
N 5 I~ W 3
15 T Sy T ~7 3500
17 _
AN o\mxm i
F (d) b 3000
8.61
E (dd) D (d)||A (s) B (s) C(s) .
8.20 7.08 || 6.58 4.09 2.37 L5500
H H H H H H
2000
1500
1000
_ 500
| : L
I 1 4 — __
) k i r: i N \__ | 1
Hlf ft i f ff .
g =% 5| R g 3
2l g =] S w e --500
[ T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T 1
120 115 11.0 105 100 95 90 85 80 75 70 65 56 50 45 40 35 30 25 20 15 10 05 00

6.0
1 (ppm)
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Compound 3s (1H)  HREQEE RRSATANSNNTSE 2 :
4-(5-methyl-1H-pyrazol <39I/ .%mawﬂwwmmwﬁﬁﬁﬁi N | 8500
'H NMR (400 MHz, MeOD) §9.26 (dd, /=87, 08" | " |
Hz, 1H), 9.05 (d,.J = 5.7 Hz, 1H), 8.20 (ddd,.f = 8.6, 8000
1.1, 0.6 Hz, 1H), 8.16 (d, J = 5.8 Hz, 1H), 8.13 — 8.08
m, 1H), 7.95— 7.89 (m, 1H), 6.84 (s, 1H), 2.46 (s, 3H). I
(m, 1H) (m, 1H), 6.84 (s, 1H), 246 ( o0
7000
r | _ Ny N—NH 6500
_ | 1 ! I
| | ! A b '~—CH,4 L&000
1 | N ™ f;.\\ 2 I
| 5500
H (m) N A I
810 : 5000
F (dd) D (ddd) I
9.26 8.20 4500
E (d) C (m) A(s) Bl(s) | 4000
9.05 7.92 6.84 2146 I
T STy A [
6 () 3500
8.16 I
3000
2500
| I
_ 2000
1500
Lo 1000
| 7 -
_ | 1500
) | i
| S ) - o ! FISIR -y - - - |D
b S e, ff i |
& & #8838 & & 300
S S (=R ] = i L
[ T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T 1
110 105 100 95 90 85 80 75 70 65 6.0 50 45 40 35 30 25 20 15 10 05 0.0

5.5
1 (ppm)
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Compound 3s (13C) Rt
4-(5-methyl-1H-pyrazol-3-yl)quinoline [
3CNMR (101 MHz, MeOD) & 148.73 (s), I.q__pw.‘wwﬂ
143.99(s), 141.61 (s), 140.14 (), 133.72 (s), 12929 (s

128,39 (s), 125.96 (5), 121.48 (s), 119.95 (s), 106,58 (s
9.16.(s).

~133{72
~129.29
—128.39
——125.96

121.48
£11‘3 85
—106.58

D (s) L(s)
147.16 119.95 1
2

Bi(s) || 1(s)
140.14 || 129.29

F(s) 1| H{s) K(s) M(s)
143.99(|133.72| |121,48 106.58
H1 (] H__HH HH H
Cls) 1(s)
141,61 | |128.39

E(s) A(s)
148.73 125.96

5.16

G (s)
9.16

[ E T E T E T E T E T E T E T E T E T E T E T
200 190 180 170 160 150 140 130 120 110 100 90
1 (ppm)

314



Compound 3t (1H) 88 |35 i 5
4-(5-methyl-1H-pyrazol-3-ylaniline ﬂm, ﬁm,, 6.fvo L 55000
'H NMR (400 MHz, MeOD) 5 7.81 (d, /=88
Hz, 2H), 7.28 (d,.J = 8.8 Hz, 2H), 6.5 (d../ = 0.6 r
Hz, 1H), 2.37 (s, 3H). 50000
nT—NH
T 45000
N
1 Sy 9 ; 3
_ | 40000
SN A .
T_M—w_ - | |
: 35000
ﬁ ﬁ 30000
] I i ! |
C{d)|/|B(d) A{d) D(s) 25000
7.81 || 7.28 6.55 2.37 |
A A i H
20000
15000
10000
_ |
[ 1 L
= 5000
I \ 0
i i i f :
g g 8 8
[ T T T T T T T T T T T T T T T T T T T T T T T T T T T T T
120 115 110 105 10.0 95 9.0 8.5 8.0 7.5 7.0 6.5 5.5 5.0 2.5 0.0

6.0
1 (ppm)
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Compound 3t (13C) b 8 2 e g
4-(5-methyl-1H-pyrazol-3-yl)aniline g ¥ g8 § m =
BCNMR (101 MHz MeOD) & 150.33 (s), [— [ |
144.82 (s), 128.38 (5), 122.33 (s), 103.26
(s), 1100 (s).
n—NH
M._fff\\n
9
\\u
T_MZ ;}/,.".
T
Bi(s) D(s)
150.33 122.33
A(s) C(s) E(s) F(s)
144.82 128.38 103.26 11,00
{— o i o H
[
i A N
T .—._ |¢_
|
[ T T T T T T T T T T T T T T T T T T T T T T T T T T
200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10

1 (ppm)

11000

10000

9000

8000

7000

6000

5000

4000

3000

2000

1000

1000

F-2000
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Compound 3u (1H) 2 N 23 ] |
3+(3,4-dimethoxyphenyl)-5-methyl-1H-pyrazo _m_o © ,ﬂ u o4 32000
TH NMR (400 MHz, CDCl3) 8 883 (brs, 1H), 7.27 (d, J = : I
1.9 Hz 1H), 721 (dd, J =83, 2.0 Hz, TH), 6.84 (d, /=83 N— NH [ 30000
Hz, 1H), 6.27 (s, 1H), 3,88 (s, 3H), 3.84 (s, 3H), 2.28 (s, 3H). g ‘\,k c i
—CH
o . s “Ha 28000
Iuo\:/.d_\ %_\\ ™3 |
15
| . -26000
_v_wm 1. o - 10 - \ 12 L
1"
/ H———— 124000
____. | | L
' I |
4 ' : 22000
-20000
B (dd) i ~18000
7.21 384 I
~16000
G (brs) A(d)| |H(s) D\(s) Fl(s) I
8.83 6.84 | | 6.27 3,88 2,28
— B H H H 14000
C(d) I
7.27 -12000
~10000
8000
6000
__ L
i 4000
; ‘ -2000
e LA, PPN A : \__ _Fltlg E_PF{)»“IV\F o
T g f P, i I
g 558 & =8 8 ~-2000
— o — -~ (=] M m
[ T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T 1 )
120 115 11.0 105 100 95 90 85 80 75 70 65 60 55 50 45 40 35 30 25 20 15 1.0 05 00

1 (ppm)
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Compound 3u (13C) 38

288 S 5 R A8 R 28 =
u-ﬁu,+a.3m5céﬂ:m=...__;-m|3m§<_.u1-3@@@. 2 g 2 =8 g S =
3CNMR (101 MHz, CDCh) § 150.04— 15001 (i | I
149:20(s), 149.00(s), 143.10(s), 125.66 (5), 11837
(s), 111.33 (s), 108.96 (s), 101.73 (s), 56.01 (s,.J =
10.9 Hz), 55.90 (), 11.76 (s).

N4
i 4=—CH
(o] ] 2 o e
_._mo\:/xu\ X7
] I
10 12
mafo\ ,,f_._\
14

L (m)

150.03

J(s) Di(s) Bj(s)

149.00 108.96 5¢.01

L(s) H (s) El(g) | Cl(s) Gl (s) Al(s)
143.10 125.66 111,83 | 101,73 5%.90 11.76

| H

K (s) F|(s)

149.20 11B.37

I

|
[ T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T
200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10

1 (ppm)
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Compound 6a (1H)
3-(4-(benzyloxy)-3-methi]
'H NMR (400 MHz, CDCL) 8 7.52— 7.46 (m, 2H), 7.46—
7.31 (my SH). 6.90(d..J = 8.5 Hz, 1H), 6.39 (s, 1H), 5.11 (s.

2H), 2.40 (s, 3H), 2.30 (s, 3H).

NREIFAEETIARRHRMAHTHHHH

F(m)
7.38

—6.39

E(m)
7,50

D (d)
6.90

A(s)
6.39

H—

1.99
5.09

=]

H

511

(5)
11

w6

—240
—2.30
1
9]
(%]
o
o
o

(s)

Tt Y

I Ul y o

2973
3.03-X

12.0 115 110 105 100 95 9.0 8.

5 80 75

319



Compound 6a (13C) A 25 T AxdNysSn = = Al o2 [
u-TIum_.._NEOxﬁ.w-amﬁ:t_u:mzé-m.@mﬁ:ﬁ-u_.m_ummmo_mm EEERE g g m m = 4500
BCNMR (101 MHz, CDCE) § 158.72 51, 14750 (s) 14454 | SN2 _ _ [ .
(s), 136.84 (s), 128.95(5), 128.74 (s), 128.32 (s), 128.12 (s), | 4000
127.22(s), 125.50(s), 119.53 (s), 111.84 (s), 103.01 (s), 70.07
(s), 16.52(s), 11.40(s). r
. 3500
3000
2500
N (s) |
128.32
2000
Hills L
128|174
1500
L (s) Fl (s Di(s) B, (s) I
144.54 127122 11[1.84 16.52
1000
J(s) K(s) [| M(s) E|(s) Cl(s) P (s) Al(s)
158.72 | |147.50 (| 136.84 26.50 10B.01 70.07 11.40 [
i T 1 T I H 500
9) L
L " _ 14812 | " N .
iy - . o . = i sy = = - o
I(s) L
128.95
1 : ; =500
_ _ a(s) L
_ 119.53
~-1000
F-1500
--2000
F-2500
~-3000
[ T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T 1
200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0

1 (ppm)
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moaumca._miﬁv N ] jmmmﬁﬁuawwﬁywmxwu 8 A A
-(4-(benzyloxy)-3,5-dimet] enyf)-5-met S P PR PR RLPS PNES S TR P ki e
(4-(benzyloxy) ylp é_ v _ J | 30000
'HNMR (400 MHz, CDCl;) & 9.58 (brs, 1H), 7.52— 7.46
(m, 2H), 7.44 — 7.32 (m, 5H), 631 (s, 1H), 4.82 (s, 2H),
2.31 (s, 3H), 2.29 (s, 6H). f I
N —MNH |
) 1 |
i 5—-CH
q 3 -
i SN N ff_\ 6 i 25000
| 1 (
22 16 10 - __ . L
S ~ f
N_._\ /,j_\\ o ,/,,_\\\ __ | _
15 - L 4 4
O A Chy 20000
D (m) G|(s)
7.39 2[29
E (br s) Clm) AS) B (s) Fls) ~15000
9.58 749 6.31 4.82 2031
— H— = i
10000
| 5000
| I
1A
L v BN ,F s L LbL| Lo
- ! N a5 i,
8 88 8 = & &
I T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T 1
120 115 11.0 105 100 95 90 85 80 75 70 65 60 55 50 45 40 3.5 5 0 15 1.0 05 0.0

f1 (ppm)

321




Compound 6b (13C) BT $TO8839% 3 = )
3-(4-(benzyloxy)-3 m.a_:._mn_._g‘_u_._m_._ivm _._._mn_._ﬁ Hm _hamnw_&m BRRY 8 m m = 4000
13C NMR (101 MHz, CDCL) § 157.04 (), _Ix.ufz _ IS | .
14441 (s), 137.44 (s), 132.12 (s), 128.68 (s), 12820 (s), |
127.89(s), 127.13 (5), 124.74 (s), 103.09 (5), 7421 (s), 16.52 3500
(s), 1154 (s). s
w_.u-_“_: 13000
I 5——CH
H4C 12 3 \ 3 L
u:ff.__\ ;;u/f;\ ;ff,_\ P
_ _ 2500
22 14 10 8 L
N._\\ ,ﬂf/.__‘\ /O\ ff.r\ “_hm
| b _ “_.um.“_.# 2000
20 18 OI
f/._c\\\ 1 2 Gli(s) |
12868 1500
N (s) L(s) i(s) 8 (s) I
157.04| | | 144.41 177.89 16.52
L 1000
M(s) || K(s) (s) Cl(s) H (s) Al(s)
148.39 | | 137.44 13 103.09 74.21 11.54 i
H [ ] 1 H 500
s)
136.20 0
bt . - . R e— — U ST N - s hamohetl |0
1244.74 I
l -500
_ .
L-1000
L-1500
L2000
L2500
[ E T E T E T E T E T E T E T E T E T E T E T E T E T E T E T E T E T E T E T E 1
200 190 180 170 160 150 140 130 120 110 _ 100 90 80 70 60 50 40 30 20 10 0

1 (ppm)
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Congpound 6¢ (1H)

I M unm W (Ul Ky ] ws... % wn m ~ I
3-(2{benzyloxy)-4-methoxyphenyf) %ﬂﬂ@m%ﬁwﬂuﬁmm mr EETES um m, m 3 m 8 m # - &
_ ! . U Y Sy _
"H NMR (400 MHz, CDCl5) § 12.14 (brs, 1H), 7.56 (d, J = 8.6
Hz, TH), 747~ 741 (o 2H), 740 — 7.28 (n, 3H), 6.60 — 6.54 (1 _ 25000
2H), 650 (s, 1H), 5.35 (s, 2H), 3.78 (s, 3H), 2.42 (s, 3H). __
_
’ (| | | r
/[ 7 _ _
|
[l 7
i _ _ 7 20000
/ 1] ) J J
21...2_._
6 8 3 7.45 6.57
._\\ /u\\ f.f,u\\ 13
B (br s) I G (m) Al(s) E (s) D (s) cl(s)
12.14 2 P 7.34 6.50 5.35 3178 2l42 I
— 0\ //u\ x,zo H FH H i i
i i I (d)
CHy 18 16 7.56 10000
g
Nuf/. \rm
2 L
| 5000
I
I
|
I
it
[N Zt_ ) J J J I o
i P i f i
& 5838 88 & 3 8
- Ll Kal o = — ] ™
T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T i
11.5 10.5 95 90 85 80 75 70 65 55 50 45 40 35 30 25 20 15 10 05 0.0 -05
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Compound 6c (13C) g N 3 S Eang 3988 . 2 7
u.Am.AUm:Q_OxE.n_.-s,_mﬂ:céuzm@;‘mmsmﬁ:<_-:.@mmmoﬂ REER 8838 S i =
. _ R NI Y [ /70 _
BCNMR (101 MHz, CDCl) & 162,66 (s), 157.27 (s), 14347
(s), 143.11 (s), 135.99 (s), 129.81 (s), 12891 (s), 128.51 (),
127.84 (s), 108.47 (s), 10642 (s). 104.00 (s), 100.60 (s),
70.95 (s), 55.62 (s), 11.55 (s).
—NH
._Z_p. 1
| 4 —CH
] 8 3
._\\ /.r/ﬂ.u\\ ,ff.m\\ 13
| I % K (¢
2 P 12981 108.47
0\\ ff@\\ o
T P PG N (s) D|(s
18 16 | 162.66 143.47 L0400
m_._m._e\ .,xff;f.\
I _ o) || | M qs) 1(s) B (5) Al(s)
0| o2 157.27 143711 10060 70.95 55.62 1155
21 BT [} i H i
El(®)
106.f12
S
135.99
I
__
[ T T T T T T T T T T T T T T T T T T T T T T T T T T T T T
200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10

1 (ppm)

2500

2000

1500

1000

500

0

~-500

1000

1500
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Compound 3c (1H)
2-methyl-4-(5-methyl- 1H-pyrazol-3-yl)phenol

TH NMR (400 MHz, MeOD) 5 731 (d, /= 1.6 Hz,
1H), 7.23 {dd../ = 8.3, 2.1 Hz 1H), 6.66(d. /=83
Hz, 1H), 6.14 (s, 1H), 2.17 (s, 3H), 2.11 (s, 3H).

731

D (d)
7.31

L7122

667
T-6.65

—6.14

L-2.17
™2.11

(s)
11

C (dd)
7.23

B (d)
6.66

A(S)

6.14

17

s)

=]

=

]

105 10.0 9.5 9.0 8.5

23000
wmmooo
wm»ooo
wmoooo
wpoooo
18000
wpuooo
wpmooo
15000
wpaooo
wpwooo
wpmooo
w»»ooo
wpoooo
wmooo
8000
wuooo
wmooo
wmooo
waooo
wwooo
wmooo
wpooo

r-1000

~-2000

0.0
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Compound 3c (13C) P

RI® @ i 2
m.3m5<_,A.G-Emg_.._._.:._-nqamo_.u.f__un.m.m:o_ REF 3 8 +
3C NMR (101 MHz, MeOD) & 155.33 (s), H_\d.é VY | |
(s). 12448 (s), 123.87 (s), 11433 (s), 100.53 (s).
14.86 (s).
_—NH
Z 12
__w a._._II o_l_
6 8 \\ 3
_\\\ nﬂﬁu\\\ ;ff_c 14
HO i F(s)
! _ 123.87
CHy
B (s) G(s)
155.33 127.78
:}iixié;; P
124.48
[ T T T T T T T T T T T T T T T T T T T T T T T T T T T T T
200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10

1 (ppm)

3000

2500

2000

1500

1000

1500

2000
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Compound 3g (1H) il kY @ ]
5-methoxy-2-(5-methyl-1H-pyrazol-3-yl)phenol ﬂmf ,ﬂ_o,\,._o o ﬂ_,_
'H NMR (400 MHz, DMSO) 5 11,19 (brs, 1H),
7.52(d,.J=9.0 Hz, IH), 6.50— 6.42 (m, 3H), 3.73 )
(s, 3H), 2.28 (s, 3H). iﬁ 1 f
—MNH
N
- EEY _n |
) ——CH
P B eafr\\v el / 7
¥ ﬁﬁ\\ S 5 | | J
HiC R
"o 7 on
7 15
E (brs) A(d) B (m) q(s) D (s)
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| — Zr JL IL__Fil L!\:\_r\L___L % S S
T T T { i
i g g 3 g
= — = ~ [aa]
T T T T T T T T T T T T T T T T T T T T T T T T T T T T T
11.0 105 10.0 9.5 9.0 8.5 7.5 7.0 6.5 3.5 2.5 2.0 1.5 1.0 0.5

12000

11000

10000

9000

8000

7000

6000

5000

4000

3000

2000

F-1000

327



Compound 3g (13C) T =z R T
5-methoxy-2-(5-methyl-1H-pyrazol&-yl)phenol 5 g8g s
X | _ G _
3C NMR (101 MHz, DMSO) & 159.74 (s), 127.34 (),
11033 (s), 105.62 (s), 101.32 (s), 55.04 (s).
C(s)
105.62
E (s) D (s) B (s) A(s)
159.74 127.34 101.32 55.04
1 [ 1= H H 1
F|(s)
110.33
I
I T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T
200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10

f1 (ppm)
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Compound 3h (1H)
2,6-dimethyl-4-(5-methyl-1H-pyrazol-3-yl)phenol 65000
'H NMR (400 MHz, MeOD) & 7.16/(s, 2H), 6.14 (s, 3
1H), 2.16 (s, 3H), .13 (s, 6H). ! | 60000
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6,14
216
213

55000
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45000

40000

(s) 35000
13

I
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Compound 3h (13C) in 29 @ ~—t
2,6-dimethyl-4-(5-methyl- 1H-pyrazol-3-yifphenol g g m m
3CNMR (101 MHz, MeOD) 6 153.15 (s), 12943 (s), / _ (.
12446 (s), 100,58 (), 1532 (s). 10.51 (s).
) "-—CH
:u_m/_\\p/ i
= Pr
oo i
J _
CH;
¢ D|(s) B|(s)
125.43 18.32
F (5) E(s) Cl(s) Als)
153.15 124.46 10D.58 10.51
H H H
|
. " |
o — u T
|
T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T
200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10

f1 (ppm)
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Appendix R — Chapter 4 X-ray Crystallographic Data Collection and

Refinement Statistics

Compound Title

3h

Resolution range

29.38 - 1.359 (1.408 - 1.359)

Space group

P212121

Unit cell

37.9144.139 78.715 90 90 90

Total reflections

57792 (5563)

Unique reflections

28911 (2793)

Multiplicity 2.0 (2.0)
Completeness (%) 99.12 (97.15)
Mean I/sigma(l) 43.02 (7.83)
Wilson B-factor 10.64
R-merge 0.01017 (0.08816)
R-meas 0.01439 (0.1247)
R-pim 0.01017 (0.08816)
CC1/2 1 (0.98)
CC* 1 (0.995)
Reflections used in refinement 28909 (2793)
Reflections used for R-free 1420 (132)
R-work 0.1669 (0.1811)
R-free 0.1876 (0.2023)
CC(work) 0.964 (0.936)
CC(free) 0.944 (0.924)
Number of non-hydrogen atoms 1398
macromolecules 1152
ligands 15
solvent 231
Protein residues 128
RMS(bonds) 0.062
RMS(angles) 2.39
Ramachandran favoured (%) 99.18
Ramachandran allowed (%) 0.82
Ramachandran outliers (%) 0.00
Rotamer outliers (%) 0.00
Clashscore 3.00
Average B-factor 16.35
macromolecules 13.97
ligands 11.96
solvent 28.50
Number of TLS groups 3
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Statistics for the highest-resolution shell are shown in parentheses.






