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Chapter 1

The spindle assembly checkpoint (SAC)

Eukaryotic cell division is divided into four phases: gap 1 (G1), synthesis (S), gap 2 (G2) and
mitosis (M) (Figure 1.1). In the G1 phase, cells are metabolically active and grow. In order for
a cell to divide, all genetic information needs to be copied and this process occurs during
the S phase. In subsequent G, phase, cells prepare for mitosis in which duplicated
chromosomes are equally divided between the two daughter cells after which the cell cycle
starts over. Mitosis itself is subdivided into five distinct phases: prophase, prometaphase,
metaphase, anaphase and telophase (Figure 1.1). During prophase, chromosomes are highly
condensed, centrosomes separate and nuclear envelope breakdown occurs." During
prometaphase, the spindle poles are connected to kinetochores, which are located at the
centromeres of sister chromatids, and chromosomes align at the spindle equator, which is
referred to as the metaphase.’ Sister chromatids are separated and pulled towards opposite
spindle poles during anaphase and in the final stage, the telophase, new nuclear envelopes
are formed and DNA decondenses."

The spindle assembly checkpoint (SAC) is one of the cell cycle checkpoints and is active
during the prometaphase of mitosis.? During this mitotic phase, microtubules must form
stable connections between the kinetochores of sister chromatids and spindle poles in a bi-
oriented fashion (Figure 1.2). Proper kinetochore-microtubule connections are crucial for
genomic integrity since mitotic progression with erroneous connections may lead to
aneuploid cells which, in turn, might contribute to tumorigenesis.? The SAC is responsible for
monitoring unattached kinetochores and prevents mitotic progression to the anaphase until
fully satisfied (Figure 1.2). The anaphase is initiated by the anaphase-promoting
complex/cyclosome (APC/C) which requires co-factor CDC20 (cell-division-cycle 20
homologue) to be active.* Once activated, APC/CDC20 targets Cyclin B and Securin for
proteasomal degradation.®> Cyclin B degradation inactivates CDK1 (cyclin-dependent kinase
1), which promotes mitotic exit, and destruction of Securin activates Separase, which in turn
is required for cleaving Cohesin that holds sister chromatids together. The mitotic checkpoint
complex (MCC), consisting of BUBR1 (budding uninhibited by benzimidazole-related 1),
BUB3 (budding uninhibited by benzimidazole 3), MAD2 (mitotic arrest deficient 2) and
CDC20, inhibits APC/C activation and is therefore crucial for inducing a mitotic arrest.6 During
this arrest, incorrect kinetochore-microtubule attachments can be corrected and unattached
kinetochores can be attached to the mitotic spindle. SAC activation by unattached
kinetochores results in the recruitment of SAC proteins and kinetochores might act as
catalytic platforms to accelerate the production of the MCC.? Due to the importance of the
MCC to arrest mitosis, the proteins of this complex belong to the core SAC proteins in
addition to MAD1, which forms a stable complex with MAD2, as well as several kinases that
are required to amplify SAC signaling and rate of MCC formation, including Aurora B, MPS1
(monopolar spindle 1) and BUB1 (budding uninhibited by benzimidazole 1).2 Other important
mitotic proteins that regulate SAC activity include proteins of the RZZ (ROD-ZW10-ZWILCH)
complex as well as kinases CDK1-cyclin-B and PLK1 (polo-like kinase 1), among others.?



General introduction

Prophase Prometaphase
Centrosome _ _
\( - - -
—> o
\ A;
Chromosome Nuclear envelope Kinetochore

G2 phase Spindle‘equator
S phase - ﬂ -
Cell cycle ,Mitosis Metaphase HO :a(

\)
O )
Gi phase

o@__:i@or\«— ‘o {9 o
| XS
Telophase Anaphase

Figure 1.1 | Phases of the eukaryotic cell cycle (left) and schematic representation of mitotic phases (right).

Targeting the SAC has been suggested as potential strategy to kill cancer cells, since many
cancer cells suffer from a weakened checkpoint.37 Interference with these diminished
checkpoints further disrupts SAC signaling which eventually results in cell death due to
severe chromosomal instability.> Previously, it has been shown that small interfering RNA
(siRNA)-mediated interference with SAC kinases BUBR1 and MPS1 sensitized cancer cells to
low doses of paclitaxel in a synergistic fashion.®#® MPS1 depletion did not sensitize
untransformed human fibroblasts, suggesting a preference for killing cancer cells.® Potential
SAC kinase targets for small molecule inhibitors include Aurora B, MPS1 and BUB1.

Kinases as drug target

Protein kinases are required for proper SAC functioning and are therefore key players of
mitosis.’® Protein kinases are part of a large enzyme family of over 500 members, referred to
as the human kinome'", which catalyze the transfer of the y-phosphate of ATP to side chains
of serine, threonine and tyrosine residues of substrate proteins. Physiological functions of
phosphorylation include enzyme activation, enzyme inhibition, protein localization, protein
stabilization and protein degradation.’> Protein kinases are therefore key regulators of
cellular processes. The catalytic domain of kinases, referred to as the kinase domain, is
structurally similar across the kinome and contains several conserved elements. The kinase
domain consists of two major subdomains, the N-terminal lobe (N-lobe) and C-terminal lobe
(C-lobe), which are connected via the so called hinge region (Figure 1.3).'> Whereas the N-
lobe predominantly consists of B-strands (B1-Bf5) and an a-helix (aC-helix), the C-lobe
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primarily consists of a-helices.”® ATP binds in the active site of a kinase which is located in
between the two lobes. Binding interactions include hydrogen bonds between the adenine
core of ATP and the amide backbone of the hinge region, ionic interactions with a conserved
lysine from B3 which is the link between the a- and B-phosphate of ATP and a conserved
glutamate present in the aC-helix, additional ionic interactions between the B- and y-
phosphate and the Mg?* ion which is bound to the aspartate of the conserved DFG (Asp-
Phe-Gly) motif as well as ionic interactions between the B- and y-phosphate with glycine
residues of the glycine-rich loop present between 1 and B2 (Figure 1.3).™
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Figure 1.2 | Simplified representation of the prometaphase with different types of kinetochore-microtubule
attachments. Unattached kinetochores trigger the recruitment of MPS1, which in turn recruits the BUB1-BUB3 complex.
Multiple SAC proteins are subsequently recruited to unattached kinetochores resulting in the formation of the mitotic
checkpoint complex (MCC) which consists of BUBRT, BUB3, CDC20 and MAD2. The MCC inhibits the activation of APC/C
(which requires CDC20 to be active) thereby causing a mitotic arrest required to correct syntelic and merotelic attachment
errors and connect unattached kinetochores to the spindle poles in a bi-oriented fashion. Upon activation of APC/CDC20,
Cyclin B and Securin are targeted for proteasomal degradation by polyubiquitination. Cyclin B degradation inactivates
CDK1 which promotes mitotic exit. Degradation of Securin activates Separase which cleaves Cohesin that holds sister
chromatids together. The chromosomal passenger complex (CPC), consisting of Aurora B, INCENP, Borealin and Survivin,
is responsible for correcting attachment errors.>'510
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N-lobe

C-lobe

Figure 1.3 | Representation of the general structure of kinases (left) and an enlarged view of ATP binding (right). The crystal
structure used for this figure represents Aurora A in complex with ATP (PDB code: 5dn3)."” Figure generated using PyMOL."®

Deregulation of kinase activity, for example due to gene alterations, kinase overexpression
or mutations that enhance kinase activity, has been implicated in the pathogenesis of human
diseases, including cancer.”® Counteracting undesired kinase signaling can be achieved by
small molecule kinase inhibitors. The majority of kinase inhibitors developed to date bind
the ATP-binding pocket and selectivity for a particular kinase can be achieved by exploiting
small structural differences to other kinases as well as occupation of kinase back pockets.20?’
The access to these back pockets is dependent on the conserved lysine in B3 as well as the
size of the gatekeeper residue, which resides next to the hinge region (Figure 1.3).12 Off-
target activity may contribute to pharmacological side-effects, however, targeting multiple
kinases, an phenomenon known as polypharmacology, can also favor efficacy. Kinases have
been shown to be prominent drug targets with currently more than 70 kinase inhibitors
approved for clinical use.?? Since the approval of Gleevec, the first kinase inhibitor, in 2001,
approval of drugs targeting kinases have steadily increased from about one per year in the
period 2001-2006 to almost nine per year in the period 2017-2020.2> The majority of these
kinase inhibitors, about 84%, is used for the treatment of cancer.?? Besides established kinase
targets, new kinase targets have emerged for clinical evaluation, among which are kinases of
the spindle assembly checkpoint, including Aurora B and MPS1.23-26

Aurora kinase B (Aurora B)

Aurora kinase B belongs to the aurora kinase family which consists of aurora kinase (Aurora)
A, B and C. Despite their homology, aurora kinases have distinctive functions.?’?® Whereas
Aurora A functions in centrosome maturation, separation and bipolar spindle assembly,
Aurora C is hypothesized to more closely resemble functions of Aurora B, but Aurora C is
present in germ cells.?® Aurora B is the enzymatic component of the chromosomal passenger
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complex (CPC) which fulfills important roles in mitotic progression.'® In addition to Aurora B,
the CPC is formed by INCENP (inner centromere protein), Borealin and Survivin. The CPC is,
via Aurora B activity, responsible for correcting erroneous, i.e. syntelic® and merotelic?’,
kinetochore-microtubule attachments (Figure 1.2). In addition, Aurora B activity is required
for the recruitment of key SAC proteins to kinetochores, among which are MPS1, BUBRT,
BUB1.1632-34 Aurora B is hypothesized to function upstream of the SAC and is suggested to
contribute to SAC activity which is independent from its function in error correction.3>3¢
Furthermore, in late mitosis, Aurora B has been shown to be involved in cytokinesis.3’

Aurora B has been found to be overexpressed in a multitude of cancers which is associated
with poor prognoses.3® Therefore, inhibition of its kinase function is thought to have
therapeutic potential. Several aurora kinase inhibitors have reached clinical trials, however,
only a limited number of these compounds are selective for Aurora B over Aurora A3%4
Barasertib (AZD-1152, a prodrug, Figure 1.4)*%, which shows over 3,000-fold selectivity over
Aurora A, potently inhibited proliferation of several hematologic malignant cell lines, which
could be enhanced by tubulin depolymerizing agent vincristine.** In addition, barasertib
potently inhibited growth of human colon, lung and hematologic tumors in mouse
xenografts by inducing polyploidy and concurrent apoptosis.** Although lacking efficacy in
solid tumors during phase 143, the inhibitor reached a phase Il clinical trial for the treatment
of acute myeloid leukemia (AML) and showed an improved objective complete response
rate.*® However, due to an inconvenient route of administration (7-day infusion), a
nanoparticle encapsulating AZD-2811 (the active inhibitor of prodrug AZD-1152, Figure 1.4)
was developed which allowed for continuous drug release for over a week, showed lower
toxicity and increased efficacy in multiple xenograft models.?®> AZD-2811 is currently in
clinical trials for small-cell lung cancer (phase Il) and AML (phase I/1l). Overall, these data
support clinical proof of concept for Aurora B inhibition, however, with neutropenia being
the most common on-target dose-limiting toxicity, the therapeutic window for Aurora B
inhibition may be small.4”
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Figure 1.4 | Chemical structure of barasertib (AZD-1152, a prodrug) and corresponding Aurora B inhibitor AZD-2811.
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Monopolar spindle 1 (MPS1)

MPS1, also known as TTK (threonine tyrosine kinase), is recruited to unattached kinetochores
and initiates the SAC response.*34% MPS1 phosphorylates KNL1 (kinetochore scaffold 1), a
member of the KMN (KNL1-MIS12-NDC80) network®® which is essential for both microtubule
binding and SAC signaling.>" Phosphorylated KNL1 is recognized by BUB3, which in complex
with BUB1, results in kinetochore recruitment of BUB1 (Figure 1.2).52 In addition, like Aurora
B, MPS1 is thought to be involved in correction of kinetochore-microtubule attachments
errors.3433 Furthermore, MPS1 catalytic activity is required for the formation and/or stability
of the MCC>3->% and is important for maintaining SAC signaling.365¢

MPS1 is overexpressed in several tumors and its gene is part of a genetic signature associated
with chromosomal instability in human cancers.>*®¢ MPS1 inhibition with small molecule
inhibitors is therefore studied as a potential strategy to kill cancer cells. Several MPS1
inhibitors have been developed of which a few reached phase | or phase I/1l clinical trials.>®
In multiple studies of animal models, single agent therapy using MPS1 inhibitors only showed
efficacy when administered near the maximum tolerated dose (MTD), indicating a small
therapeutic window.%%%* However, doses below the MTD synergistically enhanced the
efficacy of taxanes (i.e. docetaxel, paclitaxel) in mouse xenograft models and this
combination therapy was better tolerated.?>62 Similarly, MPS1 inhibitors currently in clinical
trials, including BOS-172722%4, BAY-1161909%, BAY-1217389% and CFI-402257%¢, are
investigated in combination with paclitaxel.

Budding uninhibited by benzimidazole 1 (BUB1)

BUB1 was first identified in mutant strains of budding yeast Saccharomyces cerevisiae in
which cell cycles at mitosis failed to arrest upon loss of microtubule function by
benzimidazole.5* Three years later, the BUBT gene and its product were characterized.®®
Human BUB1 is a 1085-residue protein which contains several structural elements, some of
which are highly important for SAC function of BUB1, whereas the contribution to SAC
signaling of others are not yet fully understood. These elements include the TPR
(tetratricopeptide repeat) motif, BUB3-binding domain, R1LM (BUBRT1 localization motif),
RZZ binding domain, CD1 (conserved domain 1) region, ABBA (present in Cyclin A, BUBR1,
BUB1 and Acm1) motif, KEN (lysine(K)-glutamate(E)-asparagine(N)) boxes, N-terminal
extension and the kinase domain (Figure 1.5). The TPR motif'>, which although allows for the
interaction with KNL1 (a kinetochore protein required for BUB1 localization®®), is dispensable
for kinetochore localization of BUB1.5” The BUB3-binding domain, also known as the GLEBS
(Gle20-binding site) motif, is responsible for binding BUB3 which is crucial for kinetochore
recruitment of BUB1.%7 The R1LM was found to recruit BUBR1 to kinetochores, however, this
domain was not found to be essential for SAC signaling.®® In contrast, removal of the R1LM
was found to increase SAC strength, suggesting BUB1-mediated BUBR1 recruitment to
kinetochores might be required for SAC silencing.%¢ CD1 is phosphorylated by MPS1 which
enables the binding of MAD1.%° Disturbance of MAD1 binding to BUB1 is detrimental for the

13
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SAC, suggesting that this interaction is important for kinetochore localization of MAD1.7° The
RZZ binding domain is important for efficient kinetochore localization of the RZZ complex.®®
This domain has overlap with the CD1 domain of BUB1 (Figure 1.5) and it is thought that
BUB1-mediated MAD1 recruitment is highly integrated with the RZZ complex, since the RZZ
complex has been shown to localize MAD1-MAD2 to kinetochores.?®”" The ABBA motif (also
called Phe box) is required to activate the SAC by proper recruitment of CDC20 to unattached
kinetochores.”? Since the ABBA motif is close to CD1 of BUB1 (Figure 1.5), BUB1-mediated
recruitment of CDC20 to kinetochores might bring CDC20 close to MAD1-MAD2 which may
facilitate MCC formation.”® BUB1 contains two KEN boxes which, together with the ABBA
motif, are important for binding of CDC20 and is required for CDC20 phosphorylation to
inhibit APC/C.747> In addition, BUB1 facilitates binding of PLK1 to CDC20 allowing both
kinases to phosphorylate several residues of CDC20 which, in turn, inhibits APC/CDC20 and
thereby contribute to SAC signaling.”® The N-terminal extension is required for BUB1 kinase
activity’ and the kinase domain was found to interact with CENP-F (centromere protein F)
which is necessary for kinetochore recruitment of CENP-F.”” The C-terminal tail of BUB1's
kinase domain, but not its kinase activity, was reported to be important for chromosome
alignment.”® Kinase activity of BUB1 was found to phosphorylate histone H2A at threonine
120 which results in the centromere localization of Shugoshin 1 (SGO1).7° SGO1 localization,
in turn, recruits the CPC subunit Borealin.8° CPC recruitment is enhanced by Haspin-mediated
phosphorylation of histone H3 at threonine 3, resulting in the binding of CPC subunit Survivin
which is important for activation of Aurora B and checkpoint signaling.8'®2 In addition, SGO1
protects centromeric cohesion which reveals a role of BUB1 in controlling sister chromatid
cohesion through SGO1.8384 Despite histone H2A being a clear phosphorylation target of
BUB1, the importance of the kinase function of BUB1 in the SAC is still under debate.'08586
Therefore, the current hypothesis is that BUB1's kinase activity contributes to the strength of
SAC signaling.108586

KEN
535-537
i BUB3-BD KEN
N-terminus 240-280 625-627 784  Kinase domain 1085
|
0 —H—
1
1 TPR 150 266-311 458-476 724-783 C-terminus
R1LM CD1 N-terminal extension
527-532
ABBA

Figure 1.5 | Schematic representation of structural domains and motifs of human BUB1. TRP, tetratricopeptide repeat;
BUB3-BD, BUB3 binding domain (also known as GLEBS (Gle20-binding site) motif); RILM, BUBRT localization motif; RZZ-
BD, RZZ-binding domain; CD1, conserved domain 1; ABBA, also present in Cyclin A, BUBRT, BUBT and yeast Acm1; KEN,
lysine(K)-glutamate(E)-asparagine(N).57-69727485

Like Aurora B and MPS1, BUB1 is overexpressed in numerous human cancers and often
correlates with poorer prognoses.8”-°1 Recently, two structurally related BUB1 inhibitors were
published, BAY-320 and BAY-524 (Figure 1.6), which were the first optimized BUB1 inhibitors
reported.?? The effect of BUB1 inhibition was compared to siRNA-mediated BUB1 depletion
in aneuploid Hela and diploid RPE1 cells. BAY-320 (3 uM) or BAY-524 (7 uM) resulted in
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about 80% reduction of both H2A phosphorylation and centromeric levels of SGO1 and
SGO2. In addition, BUB1 inhibition reduced centromeric levels of CPC components Aurora B,
Borealin and INCENP by about 50% and also the activity of Aurora B was reduced. In contrast
to siRNA-mediated BUB1 depletion, BUB1 inhibition did not significantly alter MAD1, MAD2
and BUBR1 kinetochore levels, which is in line with reports mentioned above and indicates
that kinetochore recruitment of these proteins is independent on BUB1 kinase activity. Based
on all data, Baron et al. hypothesized that BUB1 protein is predominantly required for the
SAC and that its kinase activity is largely dispensable.®> However, they found that BUB1
inhibition sensitized cells to low doses (1-4 nM) paclitaxel, which particularly affected the
aneuploid Hela cells, whereas diploid RPE1 cells were less affected. More recently,
BAY1816032 (Figure 1.6) was published as an optimized lead BUB1 inhibitor.”> BAY1816032
was found to synergistically inhibit cell proliferation of several cancer cell lines, including
triple-negative breast cancer (TNBC) cells, when combined with paclitaxel or docetaxel. In
addition, cell proliferation was synergistically inhibited when combined with ATR kinase
inhibitor AZ20% in ATM-proficient cells, which are both protein kinases involved in the DNA
damage response.®® Furthermore, a synergistic effect on cell proliferation was observed when
BAY1816032 was combined with several PARP inhibitors. Efficacy of BAY1816032, with or
without paclitaxel, was investigated in mouse xenografts using TNBC cells (SUM-149) as a
model system. Whereas paclitaxel initially reduced tumor growth, BAY1816032 did not show
efficacy as single agent. In contrast, BAY1816032 combined with paclitaxel outperformed the
efficacy of paclitaxel single agent therapy. Treatments were found to be well tolerated and
no treatment related effects were observed in toxicologic studies on rats and dogs at
concentrations up to 20-fold (rat) and 7-fold (dog) above efficacious concentrations in mice.
Overall, these data suggest a clinical proof of concept for BUB1 inhibition combined with
taxanes.

BAY-320 R = cyclopropyl BAY 1816032
BAY-524 R =OMe

Figure 1.6 | Chemical structure of BUB1 inhibitors BAY-320, BAY-524 and BAY1816032.

Unlike Aurora B and MPST inhibitors, BUB1 kinase inhibition seems to be much better
tolerated with respect to adverse effects in preclinical models. However, BUB1 inhibition by
BAY1816032 lacked in vivo efficacy as single agent. The reasons for this lack of efficacy are
unclear at the moment, but could be due to the extent of BUB1 inhibition which may be
below the threshold required to induce a significant effect. The spindle assembly checkpoint
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has been found to be extraordinarily sensitive and even a single unattached kinetochore
allows for a mitotic arrest in vertebrate cells.?® In addition, it was recently found that
knocking-out BUB1 by CRISPR/Cas9 could induce alternatively spliced BUBT mRNA which
recovered SAC function.””?® CRISPR/Cas9-mediated BUB1 knockout was estimated to still
express about 4% of BUB1, which was suggested to be sufficient for normal checkpoint
activity.”"®8 Only when CRISPR/Cas9 knockout was combined with BUB1 siRNA, the SAC was
significantly impaired.”"® Although these observations probably impacts the scaffolding
function of BUB1 more significantly, the same might be true for its kinase activity. Therefore,
more potent BUB1 inhibitors may be required to allow for single agent efficacy. In addition,
targeted therapy may result in acquired resistance, in which mutations in the target protein
can prevent inhibitor binding.?® Alternative chemotypes may still be active on the mutated
protein, which therefore supports the need for drug discovery (Box 1.1) of new BUBT
inhibitors. Finally, single agent efficacy may also be obtained by a mixed inhibition profile of
BUB1 and other kinases.

Box 1.1 | Drug discovery.

The development of a small molecule drug (or a new chemical entity) is a laborious and expensive
trajectory. The average costs for a successful drug discovery program is estimated to be $1.8 billion
and requires approximately 13.5 years.'® The drug discovery process follows several sequential
phases starting with target selection and progresses towards clinical evaluation of the drug candidate
(Figure 1.7). The first phase, target selection, requires a target that is ‘druggable’, meaning that it
should be accessible to a potential drug molecule which, upon binding, can induce a biological
response.'” The strategy of target selection can be categorized into two subclasses: a speculative
research target and innovative improvement.'% A speculative research target is a new target for which
therapeutic utility has not yet been proven by existing drugs. The speculative target is based on, for
example, information obtained from samples derived from patients with a particular disease or
targets hypothesized to be drivers of human diseases. In contrast, the innovative improvement
approach aims to improve the performance of an existing drug by focusing on a target that is already
known to have therapeutic utility. Protein families currently targeted by drugs include G-protein
coupled receptors (GPCRs), nuclear receptors, ion channels and enzymes such as kinases.'® Target
selection is followed by hit identification which aims to find an appropriate starting point for further
drug discovery. Hit identification strategies are diverse'' and the choice for a particular strategy
depends on the available information about the target of interest and molecules that are known to
bind this target, as well as available assays to determine binding affinity, accessibility to the protein
target and expertise of the people contributing to the project. Identified hits are subsequently
resynthesized and evaluated to confirm their activity. Confirmed hits, in turn, are subjected to
extensive hit to lead optimization during which the structure-activity relationship is investigated by
iterative rounds of designing and synthesizing new molecules followed by evaluation of their
activity."™ Hits are initially optimized on in vitro activity while keeping properties such as molecular
weight, lipophilicity, number of hydrogen bond donors/acceptors, rotatable bonds and polar surface
area into account.’®% Once sufficient in vitro potency is achieved, optimized hits are further profiled
for selectivity, cellular target engagement and cellular activity. In addition, pharmacokinetic
properties such as absorption, distribution, metabolism and excretion (ADME) are investigated by in
vitro assays which allow for assessment of plasma- and metabolic stability, aqueous solubility, plasma
protein binding, cell permeability, among others.’® ADME properties can subsequently be optimized,
when required, to obtain lead compounds. Lead compounds are subsequently investigated in vivo
during which the pharmacokinetic (PK) profile is investigated. The PK parameters investigated include
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clearance, volume of distribution, half-life and bioavailability.'® When required, lead optimization is
used to address unfavorable PK profiles. Once acceptable PK profiles are achieved, optimized leads
can proceed to animal models representative for the disease under investigation. In these models
proof of efficacy and safety are required before drug candidates may enter clinical evaluation in
humans.'® During clinical evaluation drug candidates are tested in humans for the first time and
evaluation is divided into four clinical phases (phase | — IV).'% Phase | clinical trials are aimed at
determining safety, maximum tolerated doses and to assess dose limiting toxicities in a small group
of healthy or diseased volunteers. Phase Il trials are usually performed on a larger group of patients
who have the disease under investigation and aim to investigate preliminary efficacy of the candidate
drug as well as to determine the dose for phase Ill studies. Safety is still carefully monitored due to
higher exposures to the drug. Usually, phase IlI clinical trials consist of two or three studies in which
efficacy and safety need to be confirmed on a broad patient population. Once successfully completed,
marketing approval will be provided. Marketing approval commonly requires additional surveillance
studies which are referred to as phase IV trials.

Hit Hit to lead
identification optimization

In vivo studies: Clinical

Target selection PK/PD models evaluation

Figure 1.7 | Simplified scheme of the different phases in drug discovery.

Aim and outline

The aim of the research described in this thesis is to discover and optimize novel inhibitors
of the spindle assembly checkpoint kinase BUB1 to study its biological role in cancer cell
proliferation.

Chapter 2 describes the results of a high-throughput screen which was used as hit
identification strategy in the search for novel chemical scaffolds as BUB1 inhibitors. The
activity of over 50,000 compounds was assessed in a primary screen and subsequent
confirmation screen, deselection assay and dose-response measurements yielded a qualified
hit list of 25 compounds. Resynthesis of four prioritized hits confirmed their activity and
provided excellent starting points for further drug discovery.

Chapter 3 continues with hit optimization of one of the confirmed hits: OSI-420.
Synthesis and biochemical evaluation of structural analogues provided insight into the
structure-activity relationship and resulted in optimization of lipophilicity (cLogP) as well as
lipophilic efficiency (LipE).

Chapter 4 describes the hit optimization of another confirmed hit, AT-9283. A
comprehensive investigation of the structure-activity relationship by synthesis and
biochemical evaluation of AT-9283 derivatives resulted in highly potent BUB1 inhibitors with
sub-nanomolar biochemical activity, good lipophilicity and excellent lipophilic efficiency. In
addition, a co-crystal structure of one of the inhibitors revealed the binding mode of this
molecule in the kinase domain of BUB1.

Chapter 5 presents the development of an assay which allows for assessment of
cellular BUB1 target engagement. A previously published chloro-fluoroacetamide probe,
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reported to show off-target activity on BUB1, as well as structural analogues were
synthesized and investigated for their potential as BUB1 probes. Probe binding was studied
by mutating the proposed nucleophilic cysteine of BUB1 and provided evidence for the
amino acid responsible for covalent bond formation. One of the probes allowed for dose-
and time-dependent BUB1 labeling in living cells. Labeling could dose-dependently be
outcompeted with published BUB1 inhibitor BAY1816032 which provided proof of principle
for the use of this assay to study cellular BUB1 target engagement.

Chapter 6 focusses on the biological profiling of the most potent benzimidazole-
based inhibitors discovered in Chapter 4. Several in vitro absorption, distribution, metabolism
and excretion (ADME) assays were performed to study drug-likeness. Cellular BUB1 target
engagement was measured and activities of the compounds on cell proliferation was
assessed. In addition, the in vitro selectivity profile was studied in a broad panel of kinases
and, finally, the antiproliferative activity in a large panel of cancer cell lines was investigated
of the most promising inhibitor. Overall, these assays revealed two lead BUB1 inhibitors,
ROB433 and ROB464, with favorable drug-like properties.

Chapter 7 summarizes the research described in this thesis and provides future
directions.
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Chapter 2

Introduction

Breast cancer is the most common cancer among women worldwide, with an estimated 2.2
million new cases in 2020." In addition, breast cancer was the leading cause of cancer related
deaths among women in 2020." There are three main subtypes of breast cancer and
assessment of breast cancer subtype is predominantly based on the expression of the
estrogen receptor alpha (ERa), progesterone receptor (PR) and human epidermal growth
factor receptor 2 (HER2).2 Clinical decisions for breast cancer therapy rely on the expression
of these receptors and breast cancer subtypes therefore include: hormone receptor
positive/HER2 negative (HR*/HER2"), HER2 positive (HER2*) and triple-negative3 The
HR*/HER2~ subtype, which represents the majority of the patient group (~73%)%, is treated
with endocrine therapy. Endocrine therapy counteracts estrogen-promoted tumor growth
by, for example, tamoxifen, which is an ER modulator®, or by aromatase inhibitors (i.e.
anastrozole, exemestane, letrozole), which decrease estrogen levels.® HR*/HER2™ breast
cancers showing high expression of ER and PR are usually of lower grade, show low
proliferation rates and therefore have good prognosis.” HER2* tumors (~15%)* which can
either be HR* or HR-, have intermediate prognosis’ and are treated with a combination of
chemotherapy and HER2-targeted therapies.?> Chemotherapy includes DNA binding drugs,
such as doxorubicin, cyclophosphamide or carboplatin, or microtubule targeting drugs, such
as taxanes (i.e. docetaxel, paclitaxel). HER2 can be targeted by anti-HER2 antibodies, such as
trastuzumab or pertuzumab.? Alternatively, the intracellular kinase domain of HER2 can be
inhibited by small molecule inhibitors like lapatinib and neratinib, thereby inhibiting
downstream signal transduction.? HER2* tumors that stain positive for hormone receptors
may also be treated with endocrine therapy. Triple-negative breast cancer (TNBC), which
accounts for ~12% of all breast cancers?, shows high proliferation and has poor prognosis.”
TNBC is characterized by the lack of expression of both hormone receptors as well as HER2
expression, which limits therapeutic options to only general chemotherapy due to the lack
of a molecular target. Therefore, new treatments for TNBC based on novel molecular targets
are urgently needed. Targeting kinases of the spindle assembly checkpoint has emerged as
a potential strategy.'0-"2

The spindle assembly checkpoint (SAC) is a safety mechanism during mitosis which prevents
mitotic progression when chromosomes are not correctly attached to the mitotic spindle.
The SAC is active during the prometaphase of mitosis and prevents anaphase initiation by
inhibiting the anaphase-promoting complex/cyclosome (APC/C)."® SAC signaling involves a
multitude of proteins, including kinases such as BUB1. Many cancer cells suffer from a
diminished SAC and interference with these weakened checkpoints is thought to cause
severe chromosomal instability which eventually results in cell death.®' Targeting kinases
of the SAC by small molecule inhibitors has therefore emerged as a new strategy to kill cancer
cells.
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BUB1 fulfills important roles in the SAC by recruiting numerous of proteins to kinetochores
which are important for SAC signaling.*"” The importance of the kinase function of BUB1,
however, has been subject of debate.’®2° Until recently, no optimized BUB1 inhibitors had
been published, which hindered the investigation of the kinase function of BUB1 in cancer
cell proliferation. In 2019, Siemeister et al.'> published the first optimized BUB1 inhibitor,
BAY1816032 (Figure 2.1), which was based on their earlier report from Baron et al?'
BAY1816032 was evaluated in vivo using a human TNBC mouse xenograft model and
synergistically inhibited tumor growth when combined with paclitaxel.”> Tumor growth
inhibition with this combined treatment outperformed the efficacy of treatment with
paclitaxel alone. However, BAY1816032 did not show efficacy as single agent. The reason for
this lack of efficacy remains unclear, but might be due to incomplete BUB1 inhibition.
Recently, it was suggested that about 4% of BUB1 levels remain after CRISPR/Cas9-mediated
BUB1 knockout and this amount was hypothesized to be sufficient for normal SAC activity.>
Therefore, more potent BUB1 inhibitors are required.

oy

o—

Figure 2.1 | Chemical structure of BUB1 inhibitor BAY1816032.
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Figure 2.2 | Schematic representation of the fluorescence polarization assay to measure the kinase activity of BUB1.
Control samples (top) are incubated with ATP and a fluorescent peptide substrate that can be phosphorylated by BUBT.
Addition of IMAP (immobilized metal affinity for phosphochemicals) beads?® causes immobilization of the phosphorylated
substrate fraction. Immobilization of the fluorescent substrate reduces its rotational speed and thereby retaining the
polarized light. For inhibitor treated samples (bottom), only a fraction of the peptide substrate is phosphorylated. The
unphosphorylated fraction remains free in solution and due to its rotational freedom, depolarization of the light occurs.
Depolarization of the light is therefore related to inhibitor potency.
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In this chapter, the results of a high-throughput screen (HTS)?4%, using a fluorescence
polarization assay?®?’ (Figure 2.2), to identify new chemotypes as BUB1 inhibitors are
described (see Box 2.1 for alternative hit identification strategies). A hit list of 25 molecules
was obtained and resynthesis of four prioritized hits resulted in the confirmation of their
activity.

Box 2.1 | Hit identification

In drug discovery, target selection (Chapter 1) is followed by hit identification. Several hit
identification strategies can provide the basis for a drug discovery program, such as selective
optimization of side activities (SOSA) of drug molecules®, fragment-based drug discovery (FBDD)%,
virtual screening® or high-throughput screening.?*2?> SOSA is based on the observation that approved
drugs might suffer from one or several pharmacological side effects due to binding of the drug with
unintended protein targets. These off-target activities can be used as starting point for drug discovery
for a new biological target. In FBDD a relatively small library (~1000 compounds) of diverse molecules
with low molecular weights (typically 100 — 250 Da) is screened on purified kinases.?® This results in
inhibitors with low binding affinities (UM — mM range), but with high ligand efficiencies?', a metric
that describes the average binding energy per atom. Sensitive screening technologies are required
for FBDD as well as significant amounts of purified protein. Virtual screening can be categorized into
two major approaches: ligand-based screening and structure-based screening.®® For ligand-based
screening known active molecules are used to build pharmacophore models or are transformed into
molecular fingerprints. Screening a virtual molecular library in these models or similarity searches
using the fingerprints may yield novel hits. Structure-based screening can be performed in case three-
dimensional structural information of the protein of interest is available. High-throughput screening
(HTS)**2> is an automated way of screening large compound libraries (~10* — 10° molecules) which
include historical compound collections, natural products and/or combinatorial chemistry libraries.*?
Initiating a HTS campaign requires an assay that can distinguish active compounds from inactive
ones. These assays have to be miniaturized, usually in 384- or 1536-well plates, to save reagents and
compounds, thereby reducing costs.

Results & Discussion
High-throughput screen

High-throughput screening was performed at the Pivot Park Screening Centre (PPSC) (Oss,
The Netherlands). A fluorescence polarization assay was miniaturized from a 384- to a 1536-
well plate format. A library, enriched with kinase inhibitors and consisting of 53,408
compounds, was screened at a concentration of 10 uyM. The quality of the data throughout
the screening campaign was evaluated by monitoring the Z'-factor®® and assay window (in
AmP) for each assay plate. Active compounds (actives) were distinguished by Z-scores** for
which Z-score < —4 was used as cutoff. For the primary screen, Z'-factor > 0.67 and AmP >
91 were obtained (Supplementary Figure 1, p. 46), indicating good quality. The complete
library was screened in one day, after which 704 primary actives were found (~13% effect)
(Figure 2.3A,C). All primary actives were screened again at a concentration of 10 pM, which
resulted in 214 confirmed actives (Z'-factor > 0.57 and AmP > 99) (Figure 2.3B,C). These
compounds were investigated for potential interference with the fluorescence polarization
assay by applying a different experimental setup. Briefly, BUB1 was mixed with ATP and
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fluorescent peptide substrate to allow for maximum phosphorylation of the peptide
substrate. Instead of pre-incubating BUB1 with the compounds, compounds were added at
this stage. Compounds that still decreased polarization of light, interfered with the assay and
were therefore deselected. In total, 57 compounds were found to interfere with the assay (Z-
score < —4, Z'-factor > 0.69 and AmP > 102). Of the remaining 157 compounds, 74 molecules
were selected and dose-response curves were determined. Based on potency, the shape of
the ICso curves, drug-likeness (molecular weight <450 g/mol and logP <4 (with a few
exceptions for compounds with favorable potency)) and removal of pan-assay interference
compounds (PAINS), a hit list of compounds (1 — 25) was obtained (Table 2.1). Purity and
molecular weight of these compounds were confirmed by liquid chromatography-mass
spectrometry (LCMS) analysis.

A Primary screen (10 uM) B Confirmation screen (10 pM)

T T T T T T T T T
0 10000 20000 30000 40000 50000 0 200 400 600
Compound # Compound #

c Compounds
53 408

Compounds screened

704

Primary actives
Z-score < —4 (~13% effect) at 10 yM

214

Confirmed actives
Z-score < —4 (~29% effect) at 10 uM

157

Deselection assay
Z-score < —4 (~20% effect) at 10 uM

74

Selected for dose-response

25

Further evaluation

Figure 2.3 | Summary of the high-throughput screen. (A) Z-scores obtained from the primary screen. Z-score < —4 was
used as cutoff for primary actives. (B) Z-scores obtained from the confirmation screen. Z-score < —4 was used as cutoff
for confirmed actives. (C) Summary of the high-throughput screen.
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Table 2.1| Qualified hit list and corresponding physicochemical parameters.

App. .
a b d e f g h
ID Name Structure plCso K (nM) MW9  LE® cLogP' LipE® Ref.
B N-NH
Jouse
1 AT-9283 N HN.__O 6.78 103 381 034 04 6.5 [35]
] NH
, o
NN
T
2 CYC-116 hN " 6.75 110 368 037 3.0 4.0 [36]
o\) PN . . . .
=N
HoN
\O/\/O N\W
HO\/\O ~N

3 0Osl-420 HN\@/// 6.59 159 379 033 2.6 4.2 [37]
Ny ~NH2 =
4 PP-121 NN 6.32 296 319 037 2.0 4.5 [38]

/)
N-N
N
o N
5 PF-00477736 w \_ ¢Sy 651 191 419 030 09 58 [3940]
\_N
N N N
NHp 1 H
HaN N
\Nr 7 N\
Ralimetinib /i\ N=
6 (1v-2228820) =t 617 419 421 028 52 12  [41]

y {)
Momelotinib
7 (CYT-387) 6.10 492 414 0.28 25 38 [42,43]
07 "NH
Sy
N= o]
04
N\
8 BCC0044301 NH 6.04 565 358 032 47 1.6 -
o
\O/\/O N\W
/0\/\0 ~N

9 Erlotinib HN\@/// 5.79 1004 393 0.28 3.1 2.9  [44,45]

30



Discovery of novel BUBT inhibitors by high-throughput screening

Table 2.1| Qualified hit list and corresponding physicochemical parameters (continued).

App. .
a b d e f g h
ID Name Structure plICso K (nM) MW9  LE® cLogP' LipE® Ref.
H
No N
S8
10 NP_000412 NH F%@ 5.65 1386 261 040 3.1 2.7 [46,47]
HO S
E
E

Ny N
H
11 BCC0090688 QN/]\@/HKQO/ 558 1629 385 027 39 19 -
(o]

12 SPCE000468_01 5.53 1827 428 0.24 53 0.5 [48]

NN

N

oM

N\ NN~
_S

13 AZD-5438 b 5.44 2248 371 0.30 2.1 35 [49]
)\N N
)=
H o
" N\//S//
14 BCCO0114359 N o \©\ 5.42 2354 415  0.28 44 1.2 -
/@ (o]
Cl
_0 N\w
\O N
15 CP-466722 N(NW/NHZ 5.41 2409 349 030 2.2 34 [50,51]
N
N=
\_/
N Cl

16 SPCE000116_01 541 2409 353 031 3.0 2.6 [52]

17 BCC0049010 5.39 2522 345 030 34 2.2 [53]

18 PF-4800567 5.31 3033 360 030 2.1 34 [54]

19 BCC0104036 5.21 3818 409  0.30 34 2.0 -
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Table 2.1| Qualified hit list and corresponding physicochemical parameters (continued).

PP- MW LE* cLogPf LipE® Ref."

A
a b
ID Name Structure plCso K (nM)

20 Reversine 5.20 3907 393 0.26 3.1 2.3 [55]

/
21 BCC0088074 o] O

5.17 4186 301 035 32 2.2 -

Cl Cl
H
22 BCC0075829 o/\ NTW:@/ 5.16 4284 365 031 3.6 1.8 -
(A !
23 TWS-119 5.08 5150 318 030 29 24 [56,57]

HaN 0\©/OH
Q H
HO N\ N Cl
Silmitasertib \©/
24 rore) L 506 5393 350 029 40 13  [58]
‘/
N
N — |
N N—NH
25 Aitinib s HNT 503 5778 386 026 34 18 [59,60]

(AG-013736)

2 Published compound name or code, otherwise compound code from HTS library; ® Half maximal inhibitory concentrations
(expressed as plCsp) from high-throughput dose-response assay; © app. Ki: apparent K as determined by the Cheng-Prusoff
equation®’; ¢ MW: molecular weight (g/mol); € LE: ligand efficiency®', defined as: LE = (—RT * In(app. K;))/HA , where HA
stands for the number of 'heavy atoms’ (non-hydrogen atoms); f cLogP: LogP calculated by DataWarrior (v.5.2.1); 9 LipE:
lipophilic efficiency®', defined as: LipE = app. pK; — cLogP; " reference.

Hit prioritization

The main compound properties considered for hit prioritization included half maximal
inhibitory concentrations (plCso), ligand efficiency (LE, calculated as defined in Table 2.1),
calculated LogP (cLogP), lipophilic efficiency (LipE, calculated as defined in Table 2.1) and
molecular weight (MW). Additionally, synthetic accessibility was taken into account as well
as the availability of co-crystallized structures with kinases. Hits 8 — 25 have plCso values
below 6 or a high cLogP, which resulted in a low to moderate LipE. Compounds 5 — 7 have a
molecular weight above 413 Da, which resulted in a low LE, which is undesirable in view of
the fact that MW generally increases during hit optimization.®? In addition, the synthetic
accessibility of hit 5 was deemed low.%3> The remaining hits, 1 — 4, had an acceptable
molecular weight (MW < 381) as well as good activity (plCso > 6.3), ligand efficiency (LE >
0.33), lipophilicity (cLogP < 3.0) and lipophilic efficiency (LipE > 4.0). In addition, co-crystal
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structures with kinases have been published for hits 1, 2, 4 as well as for an analogue of
compound 3.35366465 Taken together, compounds 1 — 4 were prioritized for hit confirmation.
In the following sections a short description of each hit, their resynthesis and biochemical
evaluation is described.

Resynthesis of hit 1

The discovery of compound 1 (1-cyclopropyl-3-(3-(5-(morpholinomethyl)-1H-
benzo[d]imidazol-2-yl)-1H-pyrazol-4-yl)urea, or AT-9283) was first reported in 2009.3> AT-
9283 (1) is a potent inhibitor of multiple kinases including Aurora A, Aurora B, JAK2 and JAK3.
In addition, high activities (plICso > 7) were also reported for over 30 other kinases.3> AT-9283
(1) has been investigated in several phase | clinical trials in patients with leukemia, solid
tumors and non-Hodgkin's lymphoma®%° and as such may represent an excellent starting
point for a new drug discovery program. Synthesis of 1 (AT-9283) was performed by using
previously published procedures® with minor modifications (Scheme 2.1). In short, 3,4-
dinitrobenzoic acid was converted into its acyl chloride, followed by a peptide bond
formation with morpholine. Amide 26 was reduced to amine 27 of which the nitro groups
were subsequently reduced to their corresponding amines to form 28. A peptide coupling
was performed with 4-nitro-1H-pyrazole-3-carboxylic acid and subsequent cyclization
resulted in benzimidazole 29. The nitro group of 29 was reduced to amine 30 which was
used to form the cyclopropyl urea of AT-9283 (1).

(0] (0] (0]
i (J (J ()
O,N i, ii N ii N iv N
OH —— — —
O,N o O,N H,N
O,N
O,N O,N H,N
26 27 28
‘v, vi
JYAN o o o
" () () (J
07 NH N viii, ix NH, N vii NO, N
N N N
7 b 4 Z ) 4 7 ) 2
HN=N N HN-N N HN-N N
AT-9283 (1) 30 29

Scheme 2.1| Synthesis of hit AT-9283. Reagents and conditions: i) SOCl,, DMF, THF, 70°C. ii) Et3N, morpholine, 0°C - RT,
93%. iii) NaBH4, BF5-OEt,, THF, 0°C — RT, 77%. iv) 10% Pd/C, EtOH, 81%. v) 4-nitro-1H-pyrazole-3-carboxylic acid, EDC-HCI,
HOBt, DMF. vi) AcOH, 118°C, 55%. vii) 10% Pd/C, MeOH, 72%. viii) CDI, THF, 66°C. ix) cyclopropylamine, DMF, 100°C, 33%.

Resynthesis of hit 2

CYC-116 (2), or 4-methyl-5-(2-((4-morpholinophenyl)amino)pyrimidin-4-yl)thiazol-2-amine,
was identified by investigation of the structure-activity relationship of a similar compound
found through cell-based screens.3¢ CYC-116 (2) is a potent inhibitor of Aurora A and B with
sub-nanomolar activity, inhibited proliferation of multiple cancer cell lines and reduced
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tumor growth in several in vivo tumor models.3® The compound was evaluated in phase |
clinical trials, however, this study was terminated by the sponsor for unknown reasons.”® Hit
2 (CYC-116) was synthesized employing previously described procedures (Scheme 2.2).367
In brief, 1-fluoro-4-nitrobenzene was used for a nucleophilic aromatic substitution with
morpholine to obtain 31.72 Palladium catalyzed reduction of the nitro group was performed
to form 32. The amine of 32 was converted into a guanidine under acidic conditions.” In
parallel, 3-chloropentane-2,4-dione was reacted with thiourea to form thiazole 34, which was
subsequently transformed into enaminone 35 by using DMF-DMA. Guanidine 33 and
enaminone 35 were condensed to form a pyrimidine and afforded CYC-116 (2).

No, NO, ii NH, ) HYNH
F/©/ — ﬁN/©/ — ﬁN/©/ — ﬁN/©/ NH;

o/ 0 0

31 32 33
+
S N | I N%
iv | >\ v pu—y
. NH, — > N

gCI S H=CI e S LN/
(0] ] o \

34 35

Vi

N NG ’SN\%NHZ
Weive
o/

CYC-116 (2)

Scheme 2.2 | Synthesis of hit CYC-116. Reagents and conditions: i) morpholine, EtsN, MeCN, 82°C, 93%. ii) 10% Pd/C,
MeOH, 91%. iii) conc. HCl (aq.), cyanamide (aq.), EtOH, 0 - 78°C, 96%. iv) thiourea, pyridine, MeOH, 0°C - RT, 89%.
v) DMF-DMA, 105°C, 70%. vi) Na,COs, 2-methoxyethanol, 124°C, 46%.

Resynthesis of hit 3

Compound 3 (2-((4-((3-ethynylphenyl)amino)-7-(2-methoxyethoxy)quinazolin-6-
yl)oxy)ethan-1-ol, or OSI-420) is a metabolite of approved drug erlotinib.3” Erlotinib is an
inhibitor of the human epidermal growth factor receptor (EGFR), a membrane receptor
tyrosine kinase, and is used in the treatment of non-small cell lung cancer.”* Interestingly, in
addition to OSI-420, erlotinib was identified as one of the hits (9) (Table 2.1). However,
erlotinib (9) showed a 6-fold reduced potency, suggesting that the free hydroxyl of OSI-420
(3) is an important structural feature for its activity. Hit 3 was synthesized according to
published procedures’> 77 (Scheme 2.3). Ethyl 3,4-dihydroxybenzoate was subjected to a
Mitsunobu reaction with benzyl alcohol to selectively protect the alcohol para to the ester
(regioselectivity was confirmed by 1H-1H-ROESY NMR).”® The free alcohol of 36 was
subsequently alkylated with 2-bromoethyl acetate, after which the benzyl protecting group
was removed and the resulting free alcohol was alkylated with 1-bromo-2-methoxyethane
to afford 39. The nitro group was regioselectively introduced”” by a Menke nitration to afford
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40 (regioselectivity was confirmed by TH-1H-ROESY NMR). The nitro group was reduced and
the obtained free amine was used for a Niementowski reaction to obtain quinazolinone 42.
The quinazolinone was chlorinated to form 4-chloroquinazoline 43 which was used for a

nucleophilic aromatic substitution with 3-ethynylaniline to obtain 44. Deacetylation finally
led to the formation of 3.

o o] 0o
HO i HO ii o
KD)LOB —_— ﬁoa — = ACO/\/ ﬁoa
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Scheme 2.3 | Synthesis of hit OSI-420. Reagents and conditions: i) PhsP, DIAD, BnOH, THF, 0°C — RT, 41%.
ii) 2-bromoethyl acetate, K;COs, DMF, 100°C, 72%. iii) 10% Pd/C, MeOH, 98%. iv) 1-bromo-2-methoxyethane, K,COs;, DMF,
100°C, 96%. v) Cu(NOs)»3H,0, Ac,O, 0°C - RT, 73%. vi) 5% Pt/C, MeOH, 66%. vii) NH;HCO,, formamide, 160°C, 60%.
viii) POCl3, 105°C, 80%. ix) 3-ethynylaniline, 2-propanol, 82°C, quant. x) 0.4 M NaOH in MeOH, 27%.

Resynthesis of hit 4

Compound 4 (1-cyclopentyl-3-(1H-pyrrolo[2,3-b]pyridin-5-yl)-1H-pyrazolo[3,4-d]pyrimidin-
4-amine, or PP-121), is a multitargeted kinase inhibitor which inhibits several members of
the phosphatidylinositol-3-OH kinase (PI(3)K) family of lipid kinases.3® In addition, high
activities were observed for multiple tyrosine kinases, including ABL, HCK, SRC, VEGFR2 and
PDGFR, among others.3® PP-121 (4) was found to inhibit proliferation of several cancer cell
lines which was attributed to direct inhibition of oncogenic tyrosine kinases and PI(3)Ks.3®
Compound 4 was synthesized as depicted in Scheme 2.4 using published procedures.”®
1H-pyrazolo[3,4-d]pyrimidin-4-amine was halogenated by using N-iodosuccinimide to
obtain 45. The endocyclic amine was alkylated by bromocyclopentane to afford 46.
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Subsequent Suzuki coupling with 7-azaindole-5-boronic acid pinacol ester resulted in the
formation of PP-121 (4).

7N 7N 7N
N D—NH, i N D—NH, i N D—NH, i
— _ = — _ — _
HN,. ~ HN. ~ | N, ~ |
N N N
45 46

PP-121 (4)

Scheme 2.4 | Synthesis of hit PP-121. Reagents and conditions: i) N-iodosuccinimide, DMF, 85°C, 63%.
i) bromocyclopentane, K,COs, DMF, 80°C, 59%. iii) 7-azaindole-5-boronic acid pinacol ester, Na,COs, Pd(PPhs)s, DMF:H,O
(10:1), 100°C, 70%.

Table 2.2 | Hit confirmation results. Half maximal inhibitory concentrations (expressed as plCsy (+ SEM)) and
corresponding apparent K; values from high-throughput screening (HTS) hits and resynthesized hits determined by a
biochemical fluorescence polarization assay on BUB1 kinase activity.

ID Name plCso (HTS) App. Ki (nM) plCso = SEM App. Ki (nM)
1 AT-9283 6.78 103 6.66 + 0.02 77
2 CYC-116 6.75 110 6.34 + 0.05 162
3 0sI-420 6.59 159 6.28 + 0.05 185
4 PP-121 6.32 296 6.22 + 0.05 214

Resynthesized hits 1 — 4 were evaluated in the fluorescence polarization assay and observed
activities correspond with the potencies obtained from the high-throughput screen (Table
2.2).

Conclusion

High-throughput screening was successfully used to screen over 50,000 compounds and led
to the identification of 25 novel BUB1 inhibitors with plCso values ranging from 5.03 — 6.78.
Based on potency and physicochemical properties, hits 1 — 4 were prioritized and
subsequently resynthesized. Biochemical evaluation confirmed their activity and these hits,
therefore, provide excellent starting points for drug discovery of BUB1 inhibitors. The binding
modes of hit 1, 2, 4 and the analogue of compound 3 (erlotinib (9)) (Figure 2.4) revealed
that the cyclopropy! urea of 1, the aminothiazole of 2, the phenylacetylene of 3 and azaindole
of 4 provide opportunities to reach back pockets of their respective kinases.3>366465 Since
occupation of kinase back pockets contributes to selectivity of inhibitors’®8 and assuming
that these inhibitors may bind similarly in BUB1, modifications of hits 1 — 4 may therefore be
aimed at aforementioned part of their structure. For the modification of these groups,
reactions with an amino pyrazole (compound 30, Scheme 2.1) or a chloroquinazoline
(compound 43, Scheme 2.3) were favored over the condensation reaction between
compound 33 and 35 (Scheme 2.2) and the Suzuki coupling with 46 (Scheme 2.4). Hit 1 and
3 were therefore selected for hit optimization which will be described in Chapters 4 and 3,
respectively.
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Back pocket

Figure 2.4 | Crystal structures of hits 1, 2, 9 and 4. Crystal structures of (A) AT-9283 (1) in Aurora A (PDB code: 2W1G)%,
(B) CYC-116 (2) in CDK2/cyclin A (PDB code: 2UUE)*, (C) Erlotinib (9) in EGFR (PDB code: TM17)®® and (D) PP-121 (4) in
STK24 (PDB code: 4QMW)®. Figures were generated using PyMOL.®'
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Experimental — Biochemistry

High-throughput screening

All assays were performed in 1536-well plates (Corning, black polystyrene not treated microplate). The
primary screen and active confirmation assay were performed by sequential addition (indicated as:
volume, final assay concentration, x working solution) of compound (5 or 10 nL, 10 pM, as 400x or 200x
working solutions, respectively), BUB1/BUB3 (1 pL, 27 nM, as 2x working solution, Carna Biosciences (05-
187), lot: 16CBS-0204) and a mixture of ATP and BUB1/BUB3 substrate (Carna Biosciences (05-187MS-
C11)) (1 yL, 5 uM ATP/100 nM substrate, as 2x working solution). Assay reactions were stopped by
addition of IMAP progressive binding reagent (2 uL, 1200x diluted (see below), as 2x working solution,
Molecular Devices (R7284)).

For each assay, assay buffer (AB) was freshly prepared and consisted of 20 mM HEPES (prepared by
diluting 200 mM HEPES, pH 7.4), 5 mM MgClz, 0.01% (v/v) Tween-20 and 2 mM L-cysteine. Stocks of
compounds (in DMSO) were added to the assay plate by using an Echo Liquid Handler. For controls,
DMSO was added instead. BUB1/BUB3 (5 uM in storage buffer) was diluted in AB to obtain 54 nM of
which 1 uL was added to the assay plate by using a Certus dispenser. For controls, 1 uL of AB was added
instead. The assay plate was centrifuged (1 min, 200 g) and incubated at RT for 30 min. ATP (40 mM in
MilliQ) and BUB1/BUB3 substrate (1 mM) were diluted in AB such to obtain a solution of 10 uM ATP and
200 nM BUB1/BUB3 substrate of which 1 puL was added to each well of the assay plate. The assay plate
was centrifuged (1 min, 200 g) and incubated at RT in the dark for 120 min. IMAP progressive binding
buffer A (5x) and IMAP progressive binding buffer B (5x) were mixed in a ratio to obtain 30% buffer A
and 70% buffer B, which was subsequently diluted 5x in MilliQ. IMAP progressive binding reagent was
diluted 600x in aforementioned mixture of buffer A and B (to obtain a 2x working solution) of which 2
pL was added to each well of the assay plate. The assay plate was centrifuged (1 min, 200 g) and
incubated at RT in the dark for 60 min. Fluorescence polarization was measured on an EnVision plate
reader (excitation FITC FP 480, 1st emission FITC FP P-pol 535, 2nd emission FITC FP S-pol 535).
ActivityBase (IDBS) software was used to analyze data and to calculate quality parameters (Z'-factor and
AmP). For the deselection assay, in a tube, BUB1/BUB3 (or AB) was first incubated with the mixture of
ATP and BUB1/BUB3 substrate for 120 min in the dark. 30 min prior to the end of the incubation time,
compounds (or DMSO) were added to an assay plate and aforementioned solution of IMAP progressive
binding reagent (2 uL) was added. The assay plate was centrifuged (1 min, 200 g) and incubated at RT
for 30 min. Subsequently, 2 pL of the mixture of BUB1/BUB3 (or AB), ATP and BUB1/BUB3 substrate (after
incubation of 120 min) was added to corresponding wells. The assay plate was centrifuged (1 min, 200 g),
incubated at RT in the dark for 60 min and fluorescence polarization was measured. For the dose-
response assay, stock solutions of compounds (in DMSO) were serially diluted (+10 dilutions) in DMSO
obtain 10 concentrations (final concentrations of 6.32 nM — 20 uM) as 100x working solutions. 20 nL of
compound (or DMSO) was added to the assay plate after which the protocol of the primary screen was
followed. ActivityBase was used to calculate plCso values using the four parameter fitting protocol.

Biochemical evaluation of BUB1 inhibitors

Assays were performed in 384-well plates (Greiner, black, flat bottom, 781076) by sequential addition
(indicated as: volume, final assay concentration) of inhibitor (5 uL, 3 nM — 10 uM), BUB1/BUB3 (5 pL, 3.26
nM, Carna Biosciences (05-187), lot: 15CBS-0644 D), ATP (5 uL, 15 uM) and BUB1/BUB3 substrate (5 uL,
75 nM, Carna Biosciences (05-187MSSU)), all as 4x working solutions. The final concentration of DMSO
was 1%. Assay reactions were stopped by addition of IMAP progressive binding reagent (20 pL, 1200x
diluted (see below), Molecular Devices (R8155), lot: 3117896). Each assay included the following controls:
(i) @ background control (treated with vehicle instead of inhibitor and BUB1/BUB3 substrate), (ii) MIN
controls (treated with 5 uM BAY1816032 (MedChem Express) as inhibitor, defined as 0% BUB1 activity)
and (iii) MAX controls (treated with vehicle instead of inhibitor, defined as 100% BUB1 activity). All
inhibitors were tested in two separate assays and all inhibitor concentrations were tested in duplicate
per assay (N=2, n=2).
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For each assay, assay buffer (AB) was freshly prepared and consisted of 20 mM HEPES (prepared by
diluting 1 M HEPES, pH 7.2), 5 mM MgClz, 0.01% (v/v) Tween-20 and 1 mM DTT. Stocks of inhibitors (in
DMSO) were diluted in AB to obtain 4x working solutions (4% DMSO) and 5 pL was added to the assay
plate. BUB1/BUB3 (3.26 uM (486 ug/ml) in storage buffer) was diluted in AB to obtain 13.0 nM of which
5 pL was added to all wells of the assay plate. The assay plate was centrifuged (1 min, 200 g) and
incubated at RT for 30 min. ATP (4 mM in MilliQ) was diluted in AB to obtain 60 uM of which 5 uL was
added to each well. BUB1/BUB3 substrate (1 mM) was diluted in 20 mM HEPES (prepared by diluting
1 M HEPES (pH 7.2) in MilliQ) to obtain 80 uM (this solution was freshly prepared every assay) and further
diluted in AB to obtain 300 nM after which 5 pL was added to each well of the assay plate except for
background control wells. The assay plate was centrifuged (1 min, 200 g) and incubated at RT in the dark
for 180 min. IMAP progressive binding buffer A (5x) and IMAP progressive binding buffer B (5x) were
mixed in a ratio to obtain 30% buffer A and 70% buffer B, which was subsequently diluted 5x in MilliQ.
IMAP progressive binding reagent was diluted 600x in aforementioned mixture of buffer A and B (to
obtain a 2x working solution) of which 20 pL was added to each well of the assay plate. The assay plate
was centrifuged (1 min, 200 g) and incubated at RT in the dark for 90 min. Fluorescence polarization was
measured on a CLARIOstar plate reader using the following settings: (i) optic settings — excitation = F:
482-16, dichroic = F: LP 504, emission = F: 530-40, (ii) optic = top optic, (iii) speed/precision = maximum
precision, (iv) focus adjustment was performed for every assay and (v) gain adjustment was done by
setting the target mP value to 35 mP for one of the MIN control wells. Data was normalized between
MIN and MAX controls and data was plotted using GraphPad Prism 8.0 using “Nonlinear regression
(curve fit)” and “log(inhibitor) vs. normalized response — Variable slope” to determine plCso values. For
determining the apparent Ku for ATP, the assay was performed as described above, but with variable
ATP concentrations (20 nM — 100 pM final concentrations). Km determination was performed in triplicate
and the apparent Ku for ATP was determined to be 8.13 yM. This value was used in the Cheng-Prusoff
equation to calculate K; values.

Experimental — Chemistry

General synthetic procedures

All reagents were purchased from chemical suppliers (Fluorochem, Sigma-Aldrich, Merck, Fisher
Scientific) and used without further purification. Solvents (Honeywell, VWR, Biosolve) indicated with “dry”
were stored on activated 4 A molecular sieves (8 to 12 mesh, Acros Organics). Solvents indicated by
“degassed” were sonicated while bubbling Nz through the solvent for 20 min. All reactions were
performed at room temperature (RT) under a nitrogen atmosphere, unless stated otherwise. Reactions
were monitored by thin layer chromatography (TLC, silica gel 60, UV2ss, Macherey-Nagel, ref: 818333)
and compounds were visualized by UV absorption (254 nm and/or 366 nm) or spray reagent
(permanganate (5 g/L KMnOs, 25 g/L KoCOs)) followed by heating. Alternatively, reactions were
monitored by liquid chromatography-mass spectrometry (LCMS), either on a Thermo Finnigan (Thermo
Finnigan LCQ Advantage MAX ion-trap mass spectrometer (ESI+) coupled to a Surveyor HPLC system
(Thermo Finnigan) equipped with a Nucleodur C18 Gravity column (50x4.6 mm, 3 pm particle size,
Macherey-Nagel)) or a Thermo Fleet (Thermo LCQ Fleet ion-trap mass spectrometer (ESI+) coupled to a
Vanquish UHPLC system). LCMS eluent consisted of MeCN in 0.1% TFA (ag.) and LCMS methods were
as follows: 0.5 min cleaning with starting gradient, 8 min using specified gradient (linear), 2 min cleaning
with 90% MeCN in 0.1% TFA (aq.). LCMS data is reported as follows: instrument (Finnigan or Fleet),
gradient (% MeCN in 0.1% TFA (aq.), retention time (t) and mass (as m/z: [M+H]"). Purity of final
compounds was determined to be > 95% by integrating UV intensity of spectra generated by either of
the LCMS instruments. 'H and '*C NMR spectra were recorded on a Bruker AV400 (400 and 101 MHz,
respectively), Bruker AV500 (500 and 126 MHz, respectively) or Bruker AV600 (600 and 150 MHz,
respectively) NMR spectrometer. NMR samples were prepared in deuterated chloroform, methanol or
DMSO. Chemical shifts are given in ppm (&) relative to residual protonated solvent signals (CDCls - &
7.260 ("H), & 77.160 (**C), MeOD — & 3.310 ('H), & 49.000 ("3C), DMSO — & 2.500 ('H), & 39.520 ("*C)).
Data was processed by using MestReNova (v. 14) and is reported as follows: chemical shift (5),
multiplicity, coupling constant (J in Hz) and integration. Multiplicities are abbreviated as follows: s =
singlet, br s = broad singlet, d = doublet, dd = doublet of doublets, ddd = doublet of doublet of
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doublets, dt = doublet of triplets, t = triplet, q = quartet, p = pentet, m = multiplet. Purification was
done either by manual silica gel column chromatography (using 40-63 um, 60 A silica gel, Macherey-
Nagel) or automated column chromatography on a Biotage Isolera machine (using pre-packed
cartridges with 40-63 um, 60 A silica gel (4, 12, 25 or 40 g), Screening Devices). High resolution mass
spectrometry (HRMS) spectra were recorded through direct injection of a 1 uM sample either on a
Thermo Scientific Q Exactive Orbitrap equipped with an electrospray ion source in positive mode
coupled to an Ultimate 3000 system (source voltage = 3.5 kV, capillary temperature = 275°C, resolution
R = 240,000 at m/z 400, external lock, mass range m/z = 150-2000) or on a Synapt G2-Si high definition
mass spectrometer (Waters) equipped with an electrospray ion source in positive mode (ESI-TOF)
coupled to a NanoEquity system with Leu-enkephalin (m/z = 556.2771) as internal lock mass. The eluent
for HRMS measurements consisted of a 1:1 (v/v) mixture of MeCN in 0.1% formic acid (aq.) using a flow
of 25 mL/min. Compound names were generated by ChemDraw (v. 19.1.21).

1-Cyclopropyl-3-(3-(5-(morpholinomethyl)-1H-benzo[d]imidazol-2-yl)-1H-pyrazol-4-yl)urea (1)

/A o 30 (42.1 mg, 141 pmol) and CDI (45.8 mg, 282 pmol) were mixed in dry THF (1.1

HN [ mL) and stirred at 66°C for 2.5 h. The obtained solids were collected by filtration,
o)\NH N~ washed with THF (0.5 mL) and dried under reduced pressure. The solids were
N transferred to a microwave vial, suspended in DMF (0.3 mlL) and

7 r—< cyclopropylamine (40 pL, 577 umol) was added. The vial was sealed and the
HN-N N mixture was stirred at 100°C for 1.5 h. The crude was concentrated at 60°C and

purified by automated column chromatography (4 — 15% MeOH/DCM,) to afford the product (17.5 mg,
141 pmol, 33%). '"H NMR (500 MHz, MeOD) & 8.07 (s, TH), 7.69 — 7.39 (m, 2H), 7.21 (d, J = 8.1 Hz, 1H),
3.70 - 3.65 (m, 4H), 3.60 (s, 2H), 2.72 — 2.65 (m, 1H), 2.53 — 2.40 (m, 4H), 1.04 — 0.84 (m, 2H), 0.72 - 0.57
(m, 2H). *C NMR (126 MHz, MeOD) & 158.77, 149.31, 144.81, 144.20, 134.95, 134.38, 133.02, 132.04,
131.87, 126.01, 125.07, 123.69, 120.56, 120.00, 119.04, 113.32, 111.86, 67.66, 64.71, 54.59, 23.47, 7.80.
LCMS (Finnigan, 0 - 50%): t. = 5.21 min, m/z: 382.1. HRMS [CysH23N;O, + H]*: 382.19860 calculated,
382.1993 found.

4-Methyl-5-(2-((4-morpholinophenyl)amino)pyrimidin-4-yl)thiazol-2-amine (2)
35 (145 mg, 545 pmol) was mixed with 33 (150 mg, 681 pmol) and

H | N\%NH Na2COs (57.7 mg, 545 pymol) in 2-methoxyethanol (0.3 mL) and
/@/N\WN\ S ? stirred at 124°C for 16 h. The mixture was concentrated at 70°C,
K\N N~ brought onto Celite and purified by silica gel chromatography (2 —
o) 5% MeOH/DCM). The impure product was subsequently suspended

in MeOH (3 mL), sonicated, filtered and the solids were washed with
MeOH (3 mL). The solids were collected and dried to afford the product (91.0 mg, 248 pmol, 46%). 'H
NMR (500 MHz, DMSO) & 9.19 (s, 1H), 8.27 (d, J = 5.4 Hz, 1H), 7.65 — 7.58 (m, 2H), 7.47 (s, 2H), 6.91 - 6.83
(m, 2H), 6.80 (d, J = 5.5 Hz, 1H), 3.76 — 3.70 (m, 4H), 3.05 — 3.00 (m, 4H), 2.42 (s, 3H). *C NMR (126 MHz,
DMSO0) & 168.72, 159.59, 158.62, 157.56, 151.70, 145.93, 133.13, 120.02, 118.22, 115.55, 106.26, 66.20,
49.34, 18.43. LCMS (Finnigan, 0 — 50%): t. = 5.79 min, m/z: 369.3. HRMS [C1gH20NsOS + H]": 369.14921
calculated, 369.14794 found.

2-((4-((3-Ethynylphenyl)amino)-7-(2-methoxyethoxy)quinazolin-6-yl)oxy)ethan-1-ol (3)
44 (41 mg, 98 pmol) was dissolved in 0.4 M NaOH in MeOH (370 pL)
and stirred for 2 h. The mixture was diluted in a mixture of H.O (30
mL) and brine (2 mL) and the product extracted with CHCls (30 mL).
‘ ) The organic layer was concentrated as such and purified by
/O\/\o N7 automated column chromatography (4 — 20% MeOH/DCM) to afford
the product (10 mg, 27 pmol, 27%). "H NMR (600 MHz, MeOD) & 8.41
(s, TH), 7.91 (t, J = 1.9 Hz, 1H), 7.76 (ddd, J = 8.2, 2.3, 1.1 Hz, 1H), 7.73 = 7.69 (m, 1H), 7.36 (t, / = 7.9 Hz,
1H), 7.25 (dt, J = 7.7, 1.2 Hz, 1H), 7.15 - 7.13 (m, 1H), 4.30 — 4.27 (m, 2H), 4.27 — 4.24 (m, 2H), 4.01 - 3.96
(m, 2H), 3.86—3.83 (m, 2H), 3.51 (s, TH), 3.46 (s, 3H). >*C NMR (151 MHz, MeOD) & 158.44, 155.95, 153.93,
150.54, 147.58, 140.62, 129.89, 128.72, 127.05, 124.29, 124.15, 110.68, 108.31, 103.98, 84.32, 78.71, 72.14,

HN
Ho™ ~>© SN
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71.68, 69.49, 61.54, 59.37. LCMS (Finnigan, 10 = 90%): t, = 5.02 min, m/z: 380.2. HRMS [C31H21N304 +
H]*: 380.16048 calculated, 380,1615 found.

1-Cyclopentyl-3-(1H-pyrrolo[2,3-b]pyridin-5-yl)-1H-pyrazolo[3,4-d]pyrimidin-4-amine (4)

46 (20 mg, 61 pmol), 7-azaindole-5-boronic acid pinacol ester (17.8 mg, 72.9
pmol) and Na2COs (12.9 mg, 122 pmol) were mixed in degassed DMF (0.5 mL)
and H20 (50 pL). Pd(PPhs)4 (4.9 mg, 4.3 umol) was added and the mixture was
stirred at 100°C for 17 h. The mixture was poured into H20 (20 mL) and the
product extracted with EtOAc (3x20 mL). The combined organic layers were
washed with brine (60 mL), dried over Na:SO,, filtered and concentrated. The crude was purified by
automated column chromatography (0 — 40% MeOH/DCM) to afford the product (13.5 mg, 42.3 pmol,
70%). "H NMR (500 MHz, MeOD) & 8.50 (d, J = 2.0 Hz, 1H), 8.25 (d, J = 2.0 Hz, 1H), 8.24 (s, 1H), 7.46 (d, J
=3.5Hz 1H), 6.59 (d, J = 3.5 Hz, 1H), 5.27 (p, J = 7.6 Hz, 1H), 2.21 — 2.13 (m, 4H), 2.04 — 1.94 (m, 2H),
1.79 - 1.69 (m, 2H). 3C NMR (126 MHz, MeOD) & 159.47, 156.07, 154.48, 149.11, 143.89, 143.02, 129.89,
128.13, 122.13, 121.78, 101.76, 99.57, 58.73, 32.94, 25.38. LCMS (Finnigan, 0 - 50%): t. = 7.34 min, m/z:
320.2. HRMS [C47H47N7 + H]": 320.16182 calculated, 320.1627 found.

(3,4-Dinitrophenyl)(morpholino)methanone (26)
o. 3,/4-Dinitrobenzoic acid (15.0 g, 70.7 mmol) was dissolved in dry THF (150 mL) after
[ ] which dry DMF (0.15 mL) and SOCIz (7.2 mL, 99 mmol) were added. The mixture was
N”  heated to 70°C and stirred for 2.5 h after which the mixture was cooled down to 0°C.
ozN]ij/&o EtsN (149 mL, 107 mmol) was added dropwise over 15 min and subsequently
morpholine (10.7 mL, 124 mmol) was added dropwise over 10 min. The mixture was
allowed to warm up to RT and stirred overnight. H.O (375 mL) was added and stirring
was continued vigorously for 1 h after which the mixture was cooled down to 0°C and filtered. The solids
were washed with ice cold H20 (100 mL), collected and traces of water were removed by coevaporation
with MeOH several times to afford the product (18.4 g, 65.4 mmol, 93%). 'H NMR (400 MHz, DMSO) &
8.31(d, /= 1.7 Hz, 1H), 8.30 (d, J = 8.2 Hz, 1H), 8.01 (dd, J = 8.3, 1.7 Hz, 1H), 3.71 - 3.60 (m, 4H), 3.59 —
3.49 (m, 2H), 3.37 - 3.27 (m, 2H). *C NMR (101 MHz, DMSO) & 165.09, 142.04, 141.35, 132.85, 126.22,

124.30, 65.91, 65.75, 47.41, 42.10.

4-(3,4-Dinitrobenzyl)morpholine (27)
o. NaBH4 (5.25 g, 139 mmol) was suspended in dry THF (193 mL) and cooled down to 0°C
after which boron trifluoride etherate (17.1 mL, 139 mmol) was added. Subsequently,
N~ solid 26 (18.4 g, 65.4 mmol) was added after which the mixture was allowed to warm to
O,N RT and stirred for 3.5 h. The mixture was cooled down to 0°C and MeOH (160 mL) was
added dropwise over 20 min (Hz evolution). The resulting suspension was allowed to
warm to RT, further heated to 70°C and stirred for 75 min (Hz evolution). The mixture
was concentrated, redissolved in EtOAc (200 mL) and poured into half sat. NaHCOs (200 mL). The organic
layer was isolated and the water layer extracted with EtOAc (200 mL). The combined organic layers were
washed with H20 (200 mL), the organic layer was separated and the water layer extracted with EtOAc
(100 mL). The combined organic layers were washed with brine (300 mL), dried over Na2SOy, filtered and
concentrated. The obtained powder was grounded, suspended in MeOH (55 mL) and warmed up until
fully dissolved. The solution was slowly cooled down to RT, further cooled on ice and kept on ice for 25
min. The mixture was filtered and the solids were washed with ice cold MeOH (40 mL) to afford the
product (13.5 g, 50.4 mmol, 77%). "H NMR (400 MHz, CDCls) § 7.87 (d, J = 1.6 Hz, 1H), 7.84 (d, J = 8.3
Hz, 1H), 7.71 (dd, J = 8.3, 1.6 Hz, TH), 3.66 — 3.61 (m, 4H), 3.59 (s, 2H), 2.45 — 2.39 (m, 4H). "*C NMR (101
MHz, CDCls) 6 146.54, 143.01, 141.09, 132.98, 125.06, 124.66, 66.65, 61.35, 53.36. LCMS (Finnigan, 10 -
90%): t, = 4.03 min, m/z: 268.1.

O,N
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4-(Morpholinomethyl)benzene-1,2-diamine (28)

o] 27 (2.50 g, 9.35 mmol) was suspended in absolute EtOH (75 mL) and this mixture was
[ ] subsequently degassed by bubbling N2 through the mixture while sonicating for 20
N min. 10% Pd/C (250 mg) was added and the atmosphere was exchanged for Ha. The
]ij) reaction was vigorously stirred for 2 h while bubbling Hz through the mixture. The
atmosphere was exchanged for Nz, the mixture was filtered over Celite and
subsequently concentrated to afford the product (1.58 g, 9.35 mmol, 81%). '"H NMR
(400 MHz, MeOD) & 6.63 (d, J = 1.8 Hz, 1H), 6.60 (d, J = 7.8 Hz, 1H), 6.51 (dd, J = 7.9, 1.8 Hz, 1H), 3.63 —
3.58 (m, 4H), 3.27 (s, 2H), 2.41-2.31 (m, 4H). ®*C NMR (101 MHz, MeOD) & 135.81, 135.32, 128.48, 122.11,

119.00, 117.20, 67.51, 64.25, 54.39. LCMS (Fleet, 0 — 50%): t. = 0.86 min, m/z: 208.1.

4-((2-(4-Nitro-1H-pyrazol-3-yl)-1H-benzo[d]imidazol-5-yl)methyl)morpholine (29)
o. 28 (3.55 g, 17.1 mmol), 4-nitro-1H-pyrazole-3-carboxylic acid (2.53 g, 16.1
[ ] mmol), EDC-HCI (3.38 g, 17.7 mmol) and HOBt (2.32 g, 17.1 mmol) were mixed
NO, N™ in dry DMF (39 mL) and stirred for 20 h. The mixture was concentrated at 60°C
N after which AcOH (49 mL) was added. The mixture was heated to 118°C and
]ij) stirred for 2.5 h. The mixture was concentrated at 80°C and traces of AcOH were
removed by coevaporated with toluene (4x20 mL). The crude was brought onto
Celite and purified by silica gel chromatography (5 — 9% MeOH/DCM) to afford the product (3.07 g, 9.35
mmol, 55%). '"H NMR (400 MHz, MeOD) & 8.60 (s, 1H), 7.68 (s, 1H), 7.60 (d, J = 8.3 Hz, 1H), 7.28 (d, J =
8.4 Hz, 1H), 3.98 (s, 2H), 3.78 — 3.66 (m, 4H), 2.89 — 2.78 (m, 4H). *C NMR (101 MHz, MeOD) & 144.63,
139.63, 139.44, 136.69, 134.62, 133.79, 128.93, 126.95, 118.88, 116.50, 66.10, 63.04, 53.34. LCMS

(Finnigan, 0 = 50%): t. = 4.60 min, m/z: 329.1.

3-(5-(Morpholinomethyl)-1H-benzo[d]imidazol-2-yl)-1H-pyrazol-4-amine (30)
o_ 29 (398 mg, 1.21 mmol) was suspended in degassed MeOH (14 mL). 10% Pd/C
[ ] (56 mg) was added and the atmosphere was exchanged for Hz. The reaction was
NH, N™ vigorously stirred for 100 min while bubbling Hz through the mixture. The
N atmosphere was exchanged for N, the mixture was filtered over Celite and
]ij) subsequently concentrated. The crude was purified by silica gel chromatography
(6 — 9% MeOH (containing 10% sat. NH4OH (aq.))/DCM) to afford the product
(260 mg, 1.21 mmol, 72%). '"H NMR (500 MHz, MeOD) & 7.53 — 7.40 (m, 2H), 7.31 (s, 1H), 7.10 (dd, J =
8.3, 1.3 Hz, TH), 3.61 = 3.54 (m, 4H), 3.45 (s, 2H), 2.38 — 2.30 (m, 4H). *C NMR (126 MHz, MeOD) & 149.40
(br), 139.52 (br), 132.38 (br), 132.14, 130.90, 125.30, 118.67 (br), 116.01 (br), 67.49, 64.48, 54.33. LCMS

(Finnigan, 0 - 50%): t. = 0.92 min, m/z: 299.1.

4-(4-Nitrophenyl)morpholine (31)

NO,  1-Fluoro-4-nitrobenzene (510 mg, 3.61 mmol) was dissolved in MeCN (8 mL) after
/©/ which morpholine (350 pL, 4.00 mmol) and EtsN (555 pL, 3.98 mmol) were added.
ﬁN The mixture was heated to 82°C, stirred for 15 h and subsequently poured into
H20 (100 mL). The product was extracted with EtOAc (3x75 mL) after which the
combined organic layers were washed with brine (200 mL), dried over Na2SOs, filtered and concentrated.
The crude was purified by silica gel chromatography (0 — 1% MeOH (containing 10% sat. NH4OH
(ag.))/DCM) to afford the product (701 mg, 3.37 mmol, 93%). 'H NMR (400 MHz, CDCls) & 8.10 — 8.04 (m,
2H), 6.82 — 6.75 (m, 2H), 3.87 — 3.79 (m, 4H), 3.38 — 3.31 (m, 4H). "*C NMR (101 MHz, CDCl3) & 155.00,

138.78, 125.85, 112.55, 66.35, 47.04.

(e}

4-Morpholinoaniline (32)
NH, 31 (251 g, 12.1 mmol) was suspended in MeOH (150 mL) and this mixture was
/©/ subsequently degassed by bubbling N2 through the mixture while sonicating for 20
ﬁN min. 10% Pd/C (251 mg) was added and the atmosphere was exchanged for Hz. The
reaction was vigorously stirred for 5 h while bubbling Hz through the mixture. The
atmosphere was exchanged for Nz, the mixture was filtered over Celite and subsequently concentrated.
The crude was purified by silica gel chromatography (6 — 20% MeOH (containing 10% sat. NH4OH

(e}
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(ag.))/DCM) to afford the product (1.97 g, 11.0 mmol, 91%). '"H NMR (400 MHz, CDCls) & 6.81 - 6.76 (m,
2H), 6.66 — 6.61 (m, 2H), 3.87 — 3.80 (m, 4H), 3.46 (s, 2H), 3.05 — 2.97 (m, 4H). '*C NMR (101 MHz, CDCls)
& 144.21, 140.37, 118.07, 116.07, 66.98, 51.01.

1-(4-Morpholinophenyl)guanidine (33)

32 (800 mg, 4.49 mmol) was suspended in EtOH (2.65 mL) and cooled down to
N__NH 0°C. Concentrated HCl (aqg.) (300 uL, 3.73 mmol) and cyanamide (50% w/w ag.)
/©/ NH, (660 pL, 16.6 mmol) were added and the mixture was heated to 78°C and stirred
ﬁN for 4 h. The reaction was allowed to cool down to RT after which concentrated
HCl (aqg.) (300 pL, 3.73 mmol) was added and the mixture was heated to 78°C
and stirred for 4 h. The reaction was cooled to RT and concentrated HCI (466 L, 5.70 mmol) was added
after which the mixture was heated to 78°C and stirred overnight. The crude was carefully poured into a
mixture of DCM (100 mL) and 1 M NaHCOs (100 mL) and stirred. The formed precipitate was collected
by filtration of the two layers. The solids were collected, suspended in H20 (10 mL) and sonicated for a
few minutes. The suspension was filtered, washed with acetone (20 mL) after which the solids were
collected and concentrated to afford the product (948 mg, 4.31 mmol, 96%). "H NMR (400 MHz, DMSO)
57.29 (brs, 4H), 6.89 (s, 4H), 3.76 — 3.69 (m, 4H), 3.08 — 3.01 (m, 4H). *C NMR (101 MHz, DMSO) & 160.18,

155.01 (br), 147.78 (br), 124.73, 116.16, 66.19, 48.99.

(0]

1-(2-Amino-4-methylthiazol-5-yl)ethan-1-one hydrochloride (34)
N Thiourea (250 mg, 3.28 mmol) was dissolved in MeOH (2.5 mL) and cooled down to
g >\NH2 0°C. Pyridine (106 pL, 1.31 mmol) and 3-chloropentane-2,4-dione (372 pL, 3.29 mmol)
S H-cl were added after which the mixture was allowed to warm to RT and stirred for 2 h.
0 The mixture was concentrated, subsequently suspended in EtOAc (3 mL) and filtered.
The solids were washed with EtOAc (5 mL), collected and dried to afford the product (562 mg, 2.91 mmol,
89%). '"H NMR (400 MHz, DMSO) & 7.83 (s, 2H), 2.40 (s, 3H), 2.32 (s, 3H). *C NMR (101 MHz, DMSO) &
188.27, 170.51, 157.72, 121.30, 29.49, 18.35.

N'-(5-(3-(Dimethylamino)acryloyl)-4-methylthiazol-2-yl)-N,N-dimethylformimidamide (35)
0 34 (500 mg, 2.60 mmol) was mixed with DMF-DMA (1.5 mL, 11 mmol) and
s _ stirred at 105°C for 18 h. The mixture was concentrated and subsequently
\NJN\<\ I ’\\l purified by silica gel chromatography (1 - 6% MeOH/DCM) to afford the
/ N product (484 mg, 1.82 mmol, 70%). 'H NMR (400 MHz, CDCls) & 8.16 (s, 1H),
7.61(d,J =122 Hz 1H), 5.28 (d, J = 12.2 Hz, 1H), 3.05 (s, 3H), 3.03 (br s, 3H), 3.02 (s, 3H), 2.81 (br s, 3H),
2.57 (s, 3H). 3C NMR (101 MHz, CDCls) § 181.50, 173.60, 155.89, 153.98, 152.89, 126.60, 95.03, 40.90,
35.00, 18.28. LCMS (Finnigan, 0 = 50%): t. = 5.33 min, m/z: 267.1.

Ethyl 4-(benzyloxy)-3-hydroxybenzoate (36)
o PhsP (6.00 g, 23.1 mmol) and DIAD (4.8 mL, 23 mmol) were dissolved in dry THF (147
HO o mL) and cooled down to 0°C. Benzyl alcohol (2.3 mL, 22 mmol) was added and the
mixture was stirred for 5 min. A solution of ethyl 3,4-dihydroxybenzoate (4.00 g, 22.0
BnO mmol) in THF (37 mL) was added and the mixture was stirred for 30 min after which
the reaction was allowed to warm to RT and continued to stir for 70 h. The mixture was concentrated,
loaded onto Celite and purified by automated column chromatography (twice, 5 — 40% Et.O/pentane)
to afford the product (2.43 g, 8.93 mmol, 41%). '"H NMR (400 MHz, CDCls) § 7.63 (d, J = 2.1 Hz, 1H), 7.60
(dd, J = 8.4, 2.1 Hz, 1H), 7.47 — 7.33 (m, 5H), 6.94 (d, J = 8.5 Hz, 1H), 5.78 (s, 1H), 5.16 (s, 2H), 433 (q, / =
7.1 Hz, 2H), 1.37 (t, J = 7.1 Hz, 3H). >*C NMR (101 MHz, CDCls) § 166.41, 149.59, 145.51, 135.70, 128.75,
128.24,127.98, 124.10, 122.74, 115.93, 111.29, 71.19, 60.91, 14.45. Regioselectivity was confirmed by "H-
"H-ROESY NMR analysis. LCMS (Finnigan, 10 - 90%): t, = 7.66 min, m/z: not observed.
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Ethyl 3-(2-acetoxyethoxy)-4-(benzyloxy)benzoate (37)

o] 36 (2.40 g, 8.81 mmol) was dissolved in dry DMF (8.8 mL). K2COs (2.44 g, 17.6
AcO/\/o ot Mmol) and 2-bromoethyl acetate (1.5 mL, 13 mmol) were added and the
mixture was stirred at 100°C for 3 h. The mixture was poured into H.0 (200
mL) and the product extracted with DCM (3x150 mL). The combined organic
layers were washed with brine (200 mL), dried over NazSOs, filtered and concentrated. The crude was
purified by silica gel chromatography (10 — 20% Et2O/pentane) to afford the product (2.26 g, 6.30 mmol,
72%). "TH NMR (400 MHz, CDCls) § 7.66 (dd, J = 8.4, 2.0 Hz, 1H), 7.61 (d, J = 2.0 Hz, 1H), 7.46 — 7.41 (m,
2H), 7.41-7.35 (m, 2H), 7.34 - 7.29 (m, 1H), 6.93 (d, J = 8.5 Hz, 1H), 5.19 (s, 2H), 4.49 — 4.41 (m, 2H), 4.34
(9, J = 7.1Hz, 2H), 431 -4.27 (m, 2H), 2.07 (s, 3H), 1.37 (t, J = 7.1 Hz, 3H). *C NMR (101 MHz, CDCls) &
171.14, 166.32, 152.90, 148.18, 136.57, 128.73, 128.17, 127.25, 124.47, 123.59, 115.71, 113.41, 70.92,
67.65, 62.97, 60.99, 21.00, 14.52. LCMS (Finnigan, 10 = 90%): t. = 8.27 min, m/z: not observed.

BnO

Ethyl 3-(2-acetoxyethoxy)-4-hydroxybenzoate (38)

o 37 (2.26 g, 6.30 mmol) was dissolved in degassed MeOH (63 mL). 10% Pd/C
PN ot (226 mg) was added and the atmosphere was exchanged for Ha. The reaction
was vigorously stirred for 2.5 h while bubbling Hz through the mixture. The
HO atmosphere was exchanged for N, the mixture was filtered over Celite and
subsequently concentrated to afford the product (1.65 g, 6.14 mmol, 98%). '"H NMR (400 MHz, CDCls) &
7.66 (dd, J = 8.3, 1.9 Hz, 1H), 7.55 (d, J = 1.9 Hz, 1H), 6.95 (d, J = 8.4 Hz, 1H), 6.32 (s, 1H), 4.50 — 4.43 (m,
2H), 4.33 (q, J = 7.2 Hz, 2H), 431 - 4.27 (m, 2H), 2.10 (s, 3H), 1.37 (t, J = 7.1 Hz, 3H). 3C NMR (101 MHz,
CDCl3) 6 171.29, 166.38, 150.50, 145.23, 124.95, 122.68, 114.64, 113.60, 67.92, 62.63, 60.97, 21.00, 14.50.

LCMS (Finnigan, 10 - 90%): t. = 6.23 min, m/z: not observed.

Ethyl 3-(2-acetoxyethoxy)-4-(2-methoxyethoxy)benzoate (39)

o) 38 (1.62 g, 6.03 mmol) was dissolved in dry DMF (6 mL). K2COs (1.67 g, 12.1
~_O mmol) and 1-bromo-2-methoxyethane (850 pL, 9.04 mmol) were added and
AcO Ot the mixture was stirred at 100°C for 2 h. The mixture was poured into H20
(200 mL) and the product extracted with DCM (3x150 mL). The combined
organic layers were washed with brine (200 mL), dried over NazSOs, filtered and concentrated. The crude
was purified by silica gel chromatography (25 — 50% EtOAc/pentane) to afford the product (1.89 g, 5.80
mmol, 96%). '"H NMR (400 MHz, CDCls) § 7.68 (dd, J = 8.4, 2.0 Hz, TH), 7.58 (d, J = 2.0 Hz, 1H), 6.91 (d, J
= 8.5 Hz, 1H), 448 - 4.41 (m, 2H), 4.34 (q, J = 7.1 Hz, 2H), 4.28 — 4.23 (m, 2H), 4.22 - 4.17 (m, 2H), 3.82 -
3.75 (m, 2H), 3.45 (s, 3H), 2.09 (s, 3H), 1.37 (t, J = 7.1 Hz, 3H). *C NMR (101 MHz, CDCl5) § 171.06, 166.27,

153.06, 148.00, 124.44, 123.49, 115.62, 112.85, 70.87, 68.64, 67.53, 62.95, 60.90, 59.39, 20.95, 14.46.

/O\/\O

Ethyl 5-(2-acetoxyethoxy)-4-(2-methoxyethoxy)-2-nitrobenzoate (40)

o 39 (1.86 g, 5.71 mmol) was dissolved in Ac2O (15 mL) and cooled down to 0°C.
AcO/\/ ﬁ Cu(NOs)2:3H20 (3.45 g, 14.3 mmol) was added and the mixture was stirred at
0°C for 1 h. The mixture was allowed to warm to RT and stirred until the mild
Oz exothermic reaction had occurred. The reaction was cooled down to 0°C,
diluted with H20 (200 mL) and the product extracted with DCM (3x150 mL). The combined organic layers
were washed with 1 M NaHCOs (aq.) (200 mL), brine (200 mL) and subsequently dried over Na2SOs,
filtered and concentrated. The crude was purified by silica gel chromatography (30 — 60% Et.O/pentane)
to afford the product (1.55 g, 4.17 mmol, 73%). "H NMR (400 MHz, CDClz) & 7.49 (s, 1H), 7.11 (s, 1H), 4.50
—4.43 (m, 2H), 436 (q, J = 7.2 Hz, 2H), 4.34 - 4.27 (m, 2H), 4.26 — 4.20 (m, 2H), 3.83 — 3.76 (m, 2H), 3.45
(s, 3H), 2.09 (s, 3H), 1.34 (t, J = 7.2 Hz, 3H). *C NMR (101 MHz, CDCls) & 170.94, 165.72, 151.90, 150.26,

141.74, 122.09, 113.21, 109.31, 70.68, 69.45, 67.67, 62.58, 62.40, 59.47, 20.92, 13.90.

Ethyl 5-(2-acetoxyethoxy)-2-amino-4-(2-methoxyethoxy)benzoate (41)
0o 40 (657 mg, 1.77 mmol) was dissolved in degassed MeOH (5 mL). 5% Pt/C (66
Ao O OFt mg) was addgd and the atmosphere was f-:‘xchanged for Ha. The rgactlon was
vigorously stirred for 1 h while bubbling Hz through the mixture. The
NH,

o
~ "o atmosphere was exchanged for Nz, the mixture was filtered over Celite and
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subsequently concentrated. The crude was brought onto Celite and purified by automated column
chromatography (50 - 100% Et.O/pentane) to afford the product (396 mg, 1.16 mmol, 66%). '"H NMR
(400 MHz, CDCl3) & 7.41 (s, TH), 6.13 (s, 1H), 4.38 — 4.34 (m, 2H), 4.27 (q, J = 7.1 Hz, 2H), 4.13 - 4.07 (m,
4H), 3.77 = 3.73 (m, 2H), 3.42 (s, 3H), 2.08 (s, 3H), 1.35 (t, J = 7.1 Hz, 3H) (the —~NH was not observed). '*C
NMR (101 MHz, CDCls) & 171.17, 167.68, 155.38, 148.04, 139.31, 118.98, 103.06, 100.76, 70.74, 69.16,
68.06, 63.39, 60.20, 59.32, 21.00, 14.52.

2-((7-(2-Methoxyethoxy)-4-oxo-3,4-dihydroquinazolin-6-yl)oxy)ethyl acetate (42)
o 41 (629 mg, 1.84 mmol) and NH,HCO; (117 mg, 1.85 mmol) were mixed in
Aco/\/o : Il NH formamide (1.9 mL) and stirred at 160°C for 3.5 h. The mixture was poured into
H20 (25 mL) and the product extracted with DCM (3x25 mL). The combined
N organic layers were washed with brine (25 mL), dried over NazSOs, filtered and
concentrated. The crude was purified by automated column chromatography (1 — 10% MeOH/DCM) to
afford the product (357 mg, 1.11 mmol, 60%). "H NMR (400 MHz, CDCl3) & 7.99 (s, 1H), 7.51 (s, 1H), 7.07
(s, TH), 4.47 — 4.42 (m, 2H), 4.30 — 4.25 (m, 2H), 4.25 — 4.19 (m, 2H), 3.82 — 3.75 (m, 2H), 3.41 (s, 3H), 2.05
(s, 3H) (the -NH was not observed). *C NMR (101 MHz, CDCls) & 171.08, 162.23, 154.88, 148.35, 145.45,
142.95, 115.67, 109.15, 107.06, 70.48, 68.60, 67.08, 62.51, 59.31, 20.84. LCMS (Finnigan, 10 - 90%): t. =
3.86 min, m/z: 323.1.

/O\/\O

2-((4-Chloro-7-(2-methoxyethoxy)quinazolin-6-yl)oxy)ethyl acetate (43)
Cl 42 (332 mg, 1.03 mmol) was dissolved in POCls (2 mL) and the mixture was
Aco” 0 X stirred at 105°C for 1.5 h. The mixture was poured into H20 (50 mL) and the
N/) product extracted with DCM (3x50 mL). The combined organic layers were
washed with brine (50 mL), dried over Na,SOy, filtered and concentrated. The
crude was purified by automated column chromatography (1 - 10% MeOH/DCM) to afford the product
(280 mg, 820 umol, 80%). '"H NMR (400 MHz, CDCls) & 8.86 (s, 1H), 7.42 (s, 1H), 7.34 (s, 1H), 4.57 — 4.53
(m, 2H), 441 = 4.37 (m, 2H), 4.35 — 4.30 (m, 2H), 3.91 - 3.85 (m, 2H), 3.49 (s, 3H), 2.12 (s, 3H). *C NMR
(101 MHz, CDCl3) 6 171.04, 159.30, 156.45, 152.74, 150.71, 149.19, 119.55, 107.99, 104.48, 70.46, 69.09,
67.34, 62.41, 59.59, 21.00. LCMS (Finnigan, 10 - 90%): t. = 5.62 min, m/z: 341.0.

/0\/\0

2-((4-((3-Ethynylphenyl)amino)-7-(2-methoxyethoxy)quinazolin-6-yl)oxy)ethyl acetate (44)
43 (30 mg, 87 pmol) was dissolved in 2-propanol (0.6 mL). 3-
/@\ Ethynylaniline (10 pL, 96 umol) was added and the mixture was stirred
HN X at 82°C for 1.5 h. The mixture was concentrated and purified by
Aco” >0 SN automated column chromatography (1 - 10% MeOH/DCM) to afford
the product (36 mg, 87 umol, quant.). '"H NMR (400 MHz, MeOD) &
8.44 (s, TH), 7.90 (d, / = 1.9 Hz, 1H), 7.80 (s, TH), 7.75 (d, J = 8.1 Hz, 1H),
736 (t, J=79Hz 1H), 7.26 (d, J = 7.6 Hz, 1H), 7.18 (s, TH), 4.54 — 4.49 (m, 2H), 4.40 (t, J = 4.6 Hz, 2H),
4.32-4.27 (m, 2H), 3.88 — 3.82 (m, 2H), 3.47 (d, J = 1.9 Hz, 4H), 2.09 (s, 3H). LCMS (Finnigan, 0 - 50%): t.

= 8.25 min, m/z: 422.2.

/o\/\o ‘ N/)

3-lodo-1H-pyrazolo[3,4-d]pyrimidin-4-amine (45)
7N 1H-Pyrazolo[3,4-d]pyrimidin-4-amine (157 mg, 1.16 mmol) and N-iodosuccinimide (287
N _\ NHz mg, 1.28 mmol) were suspended in dry DMF (0.65 mL), heated to 85°C and stirred for 18
>—/£ h. The mixture was filtered and the solids washed with ice cold EtOH (2 mL). The solids
! were collected and concentrated to afford the product (191 mg, 0.733 mmol, 63%)."H
NMR (400 MHz, DMSO) 6 8.17 (s, TH), 7.62 (br s, 1H), 6.69 (br s, TH) (the —NH was not observed).

HN
N

1-Cyclopentyl-3-iodo-1H-pyrazolo[3,4-d]pyrimidin-4-amine (46)
45 (100 mg, 0.383 mmol) and KoCOs (212 mg, 1.53 mmol) were suspended in dry
Nf Y—NH, DMF (2.5 mL) after which bromocyclopentane (45 pL, 0.42 mmol) was added and the
>—/<t mixture was stirred at 80°C for 4 h. The mixture was filtered and the solids dissolved
O/N\N/ | in a mixture of H20 (40 mL) and EtOAc (40 mL). The organic layer was separated and
the water layer extracted with EtOAc (40 mL). The combined organic layers were
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washed with brine (80 mL), dried over Na:SO;, filtered and concentrated. The crude was purified by
automated column chromatography (0 — 100% MeOH/DCM) to afford the product (74.7 mg, 0.227 mmol,
59%). '"H NMR (400 MHz, MeOD) & 8.18 (s, TH), 5.13 (p, J = 7.6 Hz, TH), 2.16 — 1.99 (m, 4H), 1.99 - 1.85
(m, 2H), 1.79 = 1.60 (m, 2H). *C NMR (101 MHz, MeOD) & 158.20, 155.70, 153.39, 104.41, 86.64, 58.78,
32.63, 24.84. LCMS (Finnigan, 0 = 50%): t, = 7.48 min, m/z: 330.0.
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Chapter 3

Introduction

Many types of cancer cells suffer from a diminished spindle assembly checkpoint (SAC) and
further weakening of these checkpoints has emerged as a potential strategy to kill cancer
cells."? During mitosis, the SAC prevents anaphase initiation before all chromosomes are
properly attached to the mitotic spindle.? Proper SAC functioning is essential for genomic
integrity, since mitotic progression in the presence of unattached or incorrectly attached
chromosomes may lead to aneuploidy.? It has been hypothesized that reducing SAC integrity
contributes to the killing of malignant cells.” Kinases of the SAC, in particular budding
uninhibited by benzimidazole 1 (BUB1), are, therefore, considered interesting drug targets.’
To date, only one chemotype as BUB1 inhibitor, BAY1816032 (Figure 3.1A), has been
published.* BAY1816032 was evaluated in vivo using mouse xenograft models of human
triple-negative breast cancer and synergistically inhibited tumor growth when co-treated
with a microtubule targeting drug (paclitaxel) or PARP inhibitor olaparib# Of note,
BAY1816032 did not show efficacy as single agent which suggests that more potent BUB1
inhibitors are required.

In the search for novel inhibitors for SAC kinase BUB1, quinazoline OSI-420 (1) (Figure 3.1A)
was identified as a hit via high-throughput screening (Chapter 2) and showed a half
maximum inhibitory concentration (ICsp) of 525 nM. Compound 1 is a metabolite of FDA-
approved drug erlotinib (2) (Figure 3.1A), which inhibits the epidermal growth factor receptor
(EGFR, also known as HER1 or ERBB1).> EGFR is part of the ERBB family of receptor tyrosine
kinases and contains an extracellular ligand binding domain.® Ligand binding induces
receptor dimerization, which in turn activates the intracellular kinase domain.® Subsequent
autophosphorylation results in receptor activation which initiates a signaling cascade that,
among other physiological processes, involves cell proliferation and inhibition of apoptosis.”
Erlotinib blocks the intracellular kinase domain and thereby inhibits cell proliferation.
Erlotinib is used for the treatment of advanced non-small cell lung cancer since 2004.2 Of
note, also erlotinib (2) was identified as a BUB1 inhibitor in the high-throughput screen,
albeit, with lower potency (ICsg = 1072 nM). This may suggest that the free hydroxyl group
of compound 1 plays a role in the binding activity. The binding mode of erlotinib (2) in EGFR
(PDB code: 4HJO)? (Figure 3.1B) shows that the molecule forms a hydrogen bond between
one of the quinazoline nitrogens and the amide backbone of the hinge region in EGFR. The
substituents at Ry and R are solvent exposed and the phenylacetylene substituent at R3 binds
the so-called gate area of EGFR and contributes to selectivity (Figure 3.1A, B)."%™" In this
chapter, the structure-activity relationship of compound 1 on BUB1 kinase activity was
investigated by systematically changing three distinct regions of its structure (R1 — R, Figure
3.1A).
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Figure 3.1 (A) Left: chemical structure of BAY1816032. Middle: chemical structure of OSI-420 (1) and erlotinib (2). Right:
regions R; — R; of the quinazoline scaffold used to investigate the structure-activity relationship of OSI-420. (B) Crystal
structure of erlotinib (2) in EGFR (PDB code: 4HJO).? A hydrogen bond (dashed line) is formed between the quinazoline
and the amide backbone of hinge amino acid Met769.

Results & Discussion

Biochemical evaluation of structural analogues 2 — 49 of hit 1

To study the structure-activity relationship (SAR) of compound 1, analogues 2 — 49 were
synthesized according to the routes reported in the Experimental section. Compounds 2 — 49
were subsequently evaluated in a biochemical fluorescence polarization assay to determine
the half maximal inhibitory concentrations (ICso) as described in Chapter 2. The data are
reported in Table 3.1 - Table 3.6 and activities are expressed as plCso = SEM (N=2, n=2).

First, a disjunctive approach was used to identify substituents contributing to BUB1 inhibitory
activity. Compound 3, which lacked the acetylene on the Rs-phenyl group, showed a more
than 10-fold loss in potency compared to compound 1 (Table 3.1). Substitution of the
phenylacetylene with a naphthyl group (4), to probe the size of the binding pocket, also
resulted in a loss of potency. These results suggested that the acetylene group may form an
important interaction with BUB1 in a relatively small hydrophobic pocket. Next, it was found
methylation of the alcohol at Ry (2, erlotinib) reduced potency about 4-fold, which was in
agreement with data obtained from the high-throughput screen (Chapter 2). This suggests
that a hydrogen bond donating property may be important. Of note, removing the methyl
group at R, to obtain two hydroxyl groups (6) slightly reduced potency as well, which points
towards a different role of the two solubilizers. In contrast, shortening R1 and R, to methoxy
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groups (8) retained potency compared to compound 1, whereas complete removal of either
R1 or Rz (11, 12) reduced potency on average about 10-fold. In line, removal of both Ry and
R> (13), reduced potency at least 20-fold. Substituting the acetylene on the Rs-phenyl ring
for a chlorine (5, 7, 9), reduced potency to a similar extent (on average about 6-fold)
compared to analogues 2, 6, 8, respectively. This observation suggested that the acetylene
may form a specific contact and its activity is not due to only hydrophobic interactions.
Alternatively, the electron withdrawing properties of the chlorine may be detrimental for the
binding activity. Of note, an additional fluorine (10) did not further reduce potency.

Table 3.1 | Half maximal inhibitory concentrations (expressed as plCso + SEM) of 1 — 13 determined by a fluorescence
polarization assay on BUBT kinase activity (N=2, n=2).
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Next, the importance of the nitrogens of the quinazoline scaffold was investigated. Removal
of the N1 nitrogen (14, Table 3.2), reduced potency by more than 10-fold, suggesting that
this nitrogen might be involved in hydrogen bond formation with the hinge region of BUB1.
In contrast, removal of the N3 nitrogen (15), barely affected potency. Changing the
quinazoline scaffold to a pyrrolopyrimidine (16), reduced potency significantly.
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To further investigate the scope of the R substituents (Figure 3.1), compounds 17 — 29 were
evaluated (Table 3.3). Compared to 6, substituting the acetylene by an ethyl (17) or isopropyl
(18), reduced potency by at least 10-fold (Table 3.3). In contrast, replacing the acetylene for
a phenyl (19) as bioisostere only slightly reduced potency. Subsequent substitution of this
phenyl ring in compounds 20 — 24 with electron donating substituents (o, m, or p-methyl
(20, 21, 23)) was not allowed. An electron withdrawing group, such as a m- or p-cyano group
(22, 24), was tolerated, but did not improve potency. Modification of the phenyl ring of 6
with both small (25, 27) and large (26, 28, 29) ether substituents reduced potency as well.

Table 3.2 | Half maximal inhibitory concentrations (expressed as plCso + SEM) of 14 — 16 determined by a fluorescence
polarization assay on BUBT kinase activity (N=2, n=2).

R

app. Ki
(nM)*

o ~N
8 - j@\;LW 6.17 + 0.05 236 33 34
~o N7
(0]
14 - ‘ SN <5 - 3.7 -
\O =

15 - ‘ A 5.97 + 0.03 373 35 3.0

ID R= pICso + SEM cLogP® LipE®

16 4 \\)N <5 - 24 -
N

2 Apparent K; ; ® cLogP was calculated by DataWarrior (v.5.2.1); < Lipophilic efficiency, defined as LipE = app. pK; —

cLogP.

Due to the observed decrease in potency for biphenyl and phenyl ether analogues (Table
3.3), a small series of substituted pyrazoles (30 — 41) was evaluated (Table 3.4). The different
size and exit vectors of a pyrazole may allow substituents to address different subpockets of
the enzyme. In addition, the different electronic properties of a pyrazole ring may affect the
binding affinity and its nitrogens may form additional hydrogen bonds. Changing the
phenylacetylene of 6 for a pyrazole (30) decreased potency significantly. Compared to
unsubstituted phenyl 3 (Table 3.1), compound 30 still showed some activity. In addition, due
to lower lipophilicity, the lipophilic efficiency (LipE, calculated as defined in Table 3.4) of 30
was significantly improved when compared to 6. Alkylation of the pyrazole by methyl (31) or
ethyl (32) further decreased potency. In contrast, substitution with a benzyl group (33)
showed similar activity compared to 6, but improved in LipE. Extending the alkyl linker
between pyrazole and phenyl (34, 35) decreased potency, indicating that a methylene is the
most optimal linker. Based on the activity of 33, different electron donating and withdrawing
substituents on the phenyl ring were explored (36 —41), but none of them improved potency.
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Table 3.3 | Half maximal inhibitory concentrations (expressed as plCso + SEM) of 17 — 29 determined by a fluorescence
polarization assay on BUBT kinase activity (N=2, n=2).

.R
HN™®
/\/O N
HO N
HO
~ o N/)

o
Fod
n

plCso £ SEM app. Ki (h(M)? cLogP® LipE®

6 \(©\ 5.94 + 0.04 407 22 42
X
17 \(Q\/ <5 - 29 -
18 Yq/ <5 - 33 -
19 5.63 + 0.03 828 38 23
20 <5 - 4.1 -
21 5.00 + 0.03 - 4.1 -
22 CN 5.66 + 0.03 769 36 25
23 <5 - 4.1 -
24 (‘\‘ 5.52 + 0.04 1064 36 2.4
CN
25 @0/ <5 - 20 -
26 \(@ @ <5 - 35 -
O
O\
27 \(©/ <s - 2.0 -
(0]
28 \(©/ \© <s - 35 -
29 ~ : <5 - 35 -

s

2 Apparent K; ; ® cLogP was calculated by DataWarrior (v.5.2.1); © Lipophilic efficiency, defined as LipE =
app. pK; — cLogP.
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Table 3.4 | Half maximal inhibitory concentrations (expressed as plCso + SEM) of 30 — 41 determined by a fluorescence
polarization assay on BUBT kinase activity (N=2, n=2).

HNTS
Ho >0 N
HO_~¢ N/)
ID Rs = plCso + SEM app. Ki (nM)* cLogP® LipE

6 \(©\ 5.94 £ 0.04 407 2.2 42
X

N,
30 \(Q/NH 5.09 £ 0.05 2877 0.0 5.5

=N

31 \(QNR <5 - 02 -
=N

32 \(QN‘/ <5 - 04 -

33 \/@NJ@ 5.92 + 0.04 420 15 48
)
34 \(QN 5.18 + 0.09 2322 19 338

35 _N fQ <5 - 23 -
K

36 \/ET\N S; 5.04 + 0.03 3198 2.1 34
E —r
37 \(ET\N 5.87 + 0.02 474 1.6 4.7
=
38 \(ET\N S: 5.19 + 0.03 2274 1.9 3.8

39 =N Q <5 - 2.1 -
N~
40 _N g <5 - 19 -
o~
41 =N Q <5 - 15 -
-

2 Apparent K; ; ® cLogP was calculated by DataWarrior (v.5.2.1); < Lipophilic efficiency, defined as LipE =

app. pK; — cLogP.
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Since pyrazoles at Rs resulted in an active compound with lower lipophilicity, other
heterocycles were explored at this position (42 — 47, Table 3.5). Indazole or benzimidazole
at R3 (42 — 44) were not found to be tolerated. In contrast, chloropyrimidine 45 showed
similar activity compared to its chlorophenyl analogue (9), which may indicate that the
pyrimidine nitrogens do not form additional hydrogen bonds with the enzyme. Substituting
the chlorine of 45 for a pyrazole (46) significantly improved potency (over 15-fold), and this
compound had the highest LipE (5.1) of this study. Substituting the chlorine for a pyrrole (44)
abolished activity, suggesting that the N2 nitrogen of the pyrazole of 46 interacts with the
protein via a hydrogen bond. Overall, compound 46 was the most potent BUB1 inhibitor
identified in this study with a plCso of 6.4.

Table 3.5 | Half maximal inhibitory concentrations (expressed as plCsy + SEM) of 42 — 47 determined by a fluorescence
polarization assay on BUBT kinase activity (N=2, n=2).

N
/O ‘ NN
o =
ID Rs = plCso £ SEM app. Ki (nM)?  cLogP® LipE¢

8 \/©\ 6.17 £ 0.05 236 33 3.4
A
9 Y@q 531 0.05 1733 3.8 2.0

42

43

y
44 \(@[ P <5 - 2.8 -
N

AN
45 Sl 5.18 + 0.04 2333 28 28
Z "N
|
46 \N%N} 6.41 + 0.04 136 17 5.1

>N
Z N
o
a7 N)\N@ <5 - 28 -

2 Apparent K; ; ® cLogP was calculated by DataWarrior (v.5.2.1); ¢ Lipophilic efficiency, defined as

LipE = app. pK; — cLogP.
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Table 3.6 | Half maximal inhibitory concentrations (expressed as plCso = SEM) of 48 and 49 determined by a fluorescence
polarization assay on BUBT kinase activity (N=2, n=2).

_Rs
HN
\O/\/O ‘ SN
/O\/\O N/)
ID Rs = plCso £ SEM app. Ki (nM)?  cLogP® LipE©

2 p\ 5.67 + 0.04 746 3.1 3.1
X
A N
48 \NJ\“.‘} 6.25 + 0.04 197 1.6 5.1
N\

49 \(QN N 5.43 £ 0.02 1306 2.1 37
{9

2 Apparent K; ; ® cLogP was calculated by DataWarrior (v.5.2.1); ¢ Lipophilic efficiency, defined as

LipE = app. pK; — cLogP.

Finally, the R3 substituent of 46 was grafted on the original scaffold of erlotinib (2) , thereby
providing compound 48 (Table 3.6). Pyrazole-pyrimidine 48 showed improved potency
compared to phenylacetylene 2 (Table 3.6), but was less active than compound 46 (Table
3.5). Strikingly, removal of the pyrimidine nitrogens (49) decreased the potency significantly,
even below the activity of compound 2, which indicated the importance of the pyrimidine
nitrogens. The observed activities of chlorophenyl 9 and chloropyrimidine 45 (Table 3.5), for
which the pyrimidine nitrogens were not found to increase activity, suggests a different
binding mode for pyrazole-pyrimidines 46 and 48.

Proposed binding mode of compound 1 and 46 in BUB1

Based on the obtained biochemical data, a binding model of compound 1 and 46 was
generated by docking these molecules into the crystal structure of the kinase domain of
human BUB1 (in complex with BAY1816032 (PDB code: 6F7B)#). Docking was performed
using a published plugin'? of AutoDock Vina'? for PyMOL™. The proposed binding mode of
compound 1 (Figure 3.2A) closely resembled the binding mode of erlotinib (2) in EGFR (PDB
code: 4HJO) (Figure 3.1B).° Like erlotinib, Ry and R, of compound 1 are solvent exposed, R;
is positioned near the gatekeeper residue and the quinazoline of compound 1 is proposed
to form a hydrogen bond between the N1 nitrogen and the amide backbone of hinge amino
acid Tyr869 (Figure 3.2A). The proposed hydrogen bond is supported by the 15-fold
decrease in potency when this nitrogen is removed (14 vs. 8, Table 3.2). The acetylene is
hypothesized to interact with Val819, Lys821 and Leu864 (Figure 3.2A), which is supported
by the observation that removal of this acetylene dropped potency by more than 10-fold
(3 vs. 1, Table 3.1). The difference in activity between compound 1 and erlotinib (2) could not
be explained based on the proposed binding mode. The position of the quinazoline ring of
compound 1 is in line with the binding mode of the hinge binding pyridine ring of
BAY1816032 and the acetylene of compound 1 points in the direction where the indazole
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phenyl of BAY1816032 is located (Figure 3.2B). Molecular docking of 46 revealed a binding
mode in which one of the pyrimidine nitrogens forms a hydrogen bond with Lys821 and the
N2 nitrogen of the pyrazole forms a hydrogen bond with both Lys821 and Asp946 (Figure
3.2C). These proposed hydrogen bonds are supported by the 6-fold potency drop upon
removal of both pyrimidine nitrogens (49 vs. 48, Table 3.6) as well as by the more than 25-
fold decrease in potency upon removal of the corresponding pyrazole nitrogen (47 vs. 46,
Table 3.5). When compared to the proposed binding mode of compound 1, the quinazoline
of 46 is slightly shifted and this shift hinders the formation of a hydrogen bond with Tyr869
(Figure 3.2C). In addition, this shift in position might explain why the activities of
chlorophenyl 9 and chloropyrimidine 45 (Table 3.5) indicated no hydrogen bond interactions
with the pyrimidine nitrogens of 45, whereas the activities of compound 48 and 49
suggested that at least one of these nitrogens are involved in the formation of a hydrogen
bond. The proposed binding mode of 46 closely resembles part of BAY1816032 which also
forms two hydrogen bonds with Lys821 and one hydrogen bond with Asp946 (Figure 3.2D).

LEU-864
LYS-821

ASP-946

A" v ASP-946
N T
A\

Figure 3.2 | Proposed binding mode of hit 1 and compound 46 in BUB1. (A) Proposed binding mode of compound 1
in BUB1. A hydrogen bond is formed with the amide backbone of hinge amino acid Tyr869 (dashed line). (B) Proposed
binding mode of compound 1 compared to the binding mode of BAY1816032 (grey). (C) Proposed binding mode of
compound 46 (yellow) compared with the proposed binding mode of compound 1. Hydrogen bonds are indicated with
dashed lines (green for compound 1, yellow for compound 46). (D) Proposed binding mode of compound 46 compared
to the binding mode of BAY1816032 (grey).
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Conclusion

In this chapter, the structure-activity relationship of compound 1 on BUB1 inhibition was
investigated by synthesizing 48 analogues. The size of the substituents at R1 and R; (Figure
3.1A) could significantly be reduced without losing much potency. The N1 nitrogen of the
quinazoline scaffold was found to be crucial for activity, since its removal reduced potency
over 10-fold. This nitrogen is hypothesized to form a hydrogen bond with hinge amino acid
Tyr869 of BUB1. Modifications at R3 showed that the acetylene is crucial for activity as well
and optimization of potency in this region was found to be challenging. A summary of the
activity and physicochemical properties of most active inhibitor 46 is shown in Table 3.7. A
pyrazole-pyrimidine group at R3 (46) was found to show the best activity (plCso = 6.41) which
increased compared to compound 1. In addition, 46 showed an almost 10-fold decrease in
lipophilicity which contributed to the 10-fold increase in lipophilic efficiency. Furthermore,
the molecular weight of 46 was reduced which contributed to better ligand efficiency.

Table 3.7 | Properties of initial hit 1 and optimized hit 46.

hn-Fe
RW ‘ \N3
Ry N:)
app. Ki - ’ ]
ID Ri/R2 Rs = plCso + SEM (nM)* cLogP® LipE¢ LE° tPSA® MW
R Ho/\/o\f
1 6.28 + 0.05 185 2.6 4.1 0.33 85 379
Rz /O\/\o)‘\ A
R1 /o}" Z IN
46 \N)\N A 6.41 £ 0.04 136 17 5.1 0.36 96 349
Rz o ND

2 Apparent K; ; ® cLogP, calculated by DataWarrior (v.5.2.1); ¢ Lipophilic efficiency, defined as LipE = app. pK; — cLogP;
d Ligand efficiency, defined as: LE = (—RT * In(app. K;))/HA , where HA stands for the number of 'heavy atoms' (non-
hydrogen atoms); ¢ Topological surface area (A?), calculated by Chemdraw (v.19.1); f Molecular weight (g/mol).
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Experimental — Biochemistry

Molecular docking

The crystal structure of human BUB1 kinase domain in complex with BAY1816032 (PDB code: 6F7B)* was
fetched into PyMOL™. Reduce™ was used to add hydrogens to the protein structure and the ligand
(BAY1816032) was extracted to a new object. The published plugin' of AutoDock Vina' for PyMOL was
used for molecular docking. The AutoDock Vina grid box was based on the position of BAY1816032 and
modified to obtain the following settings: grid size X = 54, Y = 34 and Z = 42 A (grid spacing = 0.375 A)
centered at X = 12.68 Y = -31.93 and Z = -12.25. The number of docking poses was arbitrarily set to 60
to generate the maximum number of docking poses. Only docking poses which resembled the binding
mode of erlotinib (2) in EGFR (PDB code: 4HJO)® were evaluated.

Biochemical evaluation of BUB1 inhibitors

Assays were performed in 384-well plates (Greiner, black, flat bottom, 781076) by sequential addition
(indicated as: volume, final assay concentration) of inhibitor (5 uL, 3 nM — 10 uM), BUB1/BUB3 (5 pL, 3.26
nM, Carna Biosciences (05-187), lot: 15CBS-0644 D), ATP (5 uL, 15 uM) and BUB1/BUB3 substrate (5 uL,
75 nM, Carna Biosciences (05-187MSSU)), all as 4x working solutions. The final concentration of DMSO
was 1%. Assay reactions were stopped by addition of IMAP progressive binding reagent (20 pL, 1200x
diluted (see below), Molecular Devices (R8155), lot: 3117896). Each assay included the following controls:
(i) @ background control (treated with vehicle instead of inhibitor and BUB1/BUB3 substrate), (i) MIN
controls (treated with 5 uM BAY1816032 (MedChem Express) as inhibitor, defined as 0% BUB1 activity)
and (iii) MAX controls (treated with vehicle instead of inhibitor, defined as 100% BUB1 activity). All
inhibitors were tested in two separate assays and all inhibitor concentrations were tested in duplicate
per assay (N=2, n=2).

For each assay, assay buffer (AB) was freshly prepared and consisted of 20 mM HEPES (prepared by
diluting 1 M HEPES, pH 7.2), 5 mM MgClz, 0.01% (v/v) Tween-20 and 1 mM DTT. Stocks of inhibitors (in
DMSO) were diluted in AB to obtain 4x working solutions (4% DMSO) and 5 pL was added to the assay
plate. BUB1/BUB3 (3.26 uM (486 pg/mL) in storage buffer) was diluted in AB to obtain 13.0 nM of which
5 L was added to all wells of the assay plate. The assay plate was centrifuged (1 min, 200 g) and
incubated at RT for 30 min. ATP (4 mM in MilliQ) was diluted in AB to obtain 60 uM of which 5 pL was
added to each well. BUB1/BUB3 substrate (1 mM) was diluted in 20 mM HEPES (prepared by diluting 1
M HEPES (pH 7.2) in MilliQ) to obtain 80 uM (this solution was freshly prepared every assay) and further
diluted in AB to obtain 300 nM after which 5 pL was added to each well of the assay plate except for
background control wells. The assay plate was centrifuged (1 min, 200 g) and incubated at RT in the dark
for 180 min. IMAP progressive binding buffer A (5x) and IMAP progressive binding buffer B (5x) were
mixed in a ratio to obtain 30% buffer A and 70% buffer B, which was subsequently diluted 5x in MilliQ.
IMAP progressive binding reagent was diluted 600x in aforementioned mixture of buffer A and B (to
obtain a 2x working solution) of which 20 pL was added to each well of the assay plate. The assay plate
was centrifuged (1 min, 200 g) and incubated at RT in the dark for 90 min. Fluorescence polarization was
measured on a CLARIOstar plate reader using the following settings: (i) optic settings — excitation = F:
482-16, dichroic = F: LP 504, emission = F: 530-40, (ii) optic = top optic, (iii) speed/precision = maximum
precision, (iv) focus adjustment was performed for every assay and (v) gain adjustment was done by
setting the target mP value to 35 mP for one of the MIN control wells. Data was normalized between
MIN and MAX controls and data was plotted using GraphPad Prism 8.0 using “Nonlinear regression
(curve fit)" and "log(inhibitor) vs. normalized response — Variable slope” to determine plCso values. The
Cheng-Prusoff equation was used to calculate Ki values using 8.13 pM as the apparent Km of ATP
(determined as described in the experimental section of Chapter 2).

Experimental - Chemistry
Synthetic routes

The synthesis of OSI-420 (1), 3 and 4 (Scheme 3.1) involved the synthesis of 50 as described in
Chapter 2."5"® From 50, three groups were introduced at Rs (Figure 3.1A) by nucleophilic aromatic
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substitutions to afford 51 — 53. Deacetylation resulted in the formation of the desired compounds.
Erlotinib (2) and 5, in which the free hydroxyl of Rs (Figure 3.1A) was methylated, were synthesized from
commercially available 4-chloro-6,7-bis(2-methoxyethoxy)quinazoline by nucleophilic aromatic
substitutions (Scheme 3.2).

R _R
(¢]] HN HN
~_0 i ~_O ii ~_0
AcO ‘ SN —> AcO ‘ =N — HO ‘ ~N
/O\/\O N/) /o\/\o N/) /O\/\O N/)
50 51-53 1,3,4

Scheme 3.1 | Synthesis of 1, 3 and 4. Reagents and conditions: i) 3-ethynylaniline (for 51), aniline (for 52) or naphthalen-
2-amine (for 53), 2-propanol, 82°C, 95% — quant. ii) 0.4 M NaOH in MeOH, 27 — 89%.

_R
Cl HN

So O SN e o SN
/O\/\o N/) /o\/\o N/)
2,5
Scheme 3.2 | Synthesis of 2 and 5. Reagents and conditions: i) 3-ethynylaniline (for 2) or 3-chloroaniline (for 5),
2-propanol, 82°C, 97 — 98%.

Next, several analogues were prepared which either contained methoxy (8 — 10) or glycol groups (6, 7
and 17 — 41) at R and Rz (Figure 3.1A, Scheme 3.3, Scheme 3.4). In addition, this small array of
compounds contained derivatives involving Rs (Figure 3.1A). Synthesis of these compounds started from
3,4-dihydroxybenzoate which was alkylated with either 2-bromoethyl acetate or iodomethane to yield
54 and 55, respectively (Scheme 3.3). Compounds 56 — 63 were subsequently synthesized analogous to
the synthetic route as described for OSI-420 (1) (Chapter 2). Compounds 8 — 10 were prepared from 63
via nucleophilic aromatic substitutions. Similarly, nucleophilic aromatic substitutions with 62 resulted in
the formation of intermediates 64 — 73 and yielded 6, 7, 17, 18, 25 — 29 after deacetylation. Synthesis
of analogues 19 — 24 involved a Suzuki coupling with 74 and subsequent deacetylation or vice versa,
which saved one synthetic step per final compound. To obtain pyrazole derivatives 30 — 41,
aminopyrazoles 90 — 101 were first prepared as depicted in Scheme 3.4. Protection or alkylation of 4-
nitro-1H-pyrazole resulted in the formation intermediates 78 — 89. Nitro group reduction yielded
aminopyrazoles 90 — 101 which were subsequently coupled to 62 to form intermediates 102 — 113
(Scheme 3.4). Deacetylation resulted in the formation of compounds 30 - 41.
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54 R =CH,CH,0Ac 56 R =CH,CH,0Ac 58 R =CH,CH,0Ac
55 R=Me 57 R=Me 59 R=Me
liv
R
HN” cl o)
(0} vi 0 ; o)
S o Rulhe S hatie o)
o N/) Ro N/) Ro N/)
8-10 62 R =CH,CH,0Ac 60 R =CH,CH,0Ac
63 R=Me 61 R=Me

vii

o o
AcO” > SN AcO” > SN
ACO\/\O N/) ACO\/\O N/)
64-73 74

E [ E

Ho >0 SN R0 >0 SN Ho ™>° SN
HO_~q N/) RO~ N/) HO_~ N/)
6,7 - -
, — 75,76 R;=Ac ) 77 R, = Br
17,18, 25 - 29 va ! ix E 2
19-21 Ry =H 22-24 R,=Ar

Scheme 3.3 | Synthesis of 6 — 10 and 17 — 29. Reagents and conditions: i) 2-bromoethy! acetate (for 54) or iodomethane
(for 55), K2CO3, DMF, 100°C, 62 — 97%. ii) Cu(NO;),-3H,0, Ac,0O, 0°C - RT, 62 — 71%. iii) 5% Pt/C, MeOH, 69 — 95%.
iv) NH4HCO, formamide, 160°C, 27 — 39%. v) POCl;, 105°C, 14 — 84%. vi) 3-ethynylaniline (for 8), 3-chloroaniline (for 9) or
3-chloro-4-fluoroaniline (for 10), 2-propanol, 82°C, 68 — 95%. vii) corresponding amine, 2-propanol, 82°C, 71 — 99%.
viii) 0.4 M NaOH in MeOH, 45 — 97%. ix) corresponding boronic acid, K,COs, Pd(dppf)Cl,:DCM, dioxane/H,O (4:1), 100°C,
55— 80%.

Further reducing the size of the substituents at Ry and Rz (Figure 3.1A) involved the synthesis of 11 - 13
(Scheme 3.5) which only required a nucleophilic aromatic substitution from commercial building blocks.
Similarly, analogues involving the quinazoline scaffold were synthesized from commercial building
blocks to obtain compound 14 — 16 (Scheme 3.6)." Compound 42 — 47, which contained different
heterocycles at Rs (Figure 3.1A), were synthesized as depicted in Scheme 3.7. Nucleophilic aromatic
substitutions with commercially available 4-chloro-6,7-dimethoxyquinazoline yielded compound 42 —
44.%° For the synthesis of 45, a chloropyrimidine was coupled using a Buchwald-Hartwig amination and
this compound also served as building block for the synthesis of 46 and 47 by using nucleophilic
aromatic substitutions. Similarly, the Rs substituent of 46 was attached to the scaffold of erlotinib (2)
using 4-chloro-6,7-bis(2-methoxyethoxy)quinazoline (Scheme 3.8) to form 114 and yielded 48 after an
nucleophilic aromatic substitution. To investigate the importance of the pyrimidine nitrogens in this
molecule, compound 49 was synthesized (Scheme 3.8) and required the synthesis of 116 via an Ullmann
reaction?"? and subsequent reduction of the nitro group.
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i =N, i =N,
—  N-THP ——— N-THP

O,N H,N
=N 78 90
v -
O,N
- =N ivorv =N
— s I
O,N H,N
79 -89 91-101
_N, _N
J;/N\R vii J;/N‘R
cl HN and/or HN
o
- | SN Aco” >0 SN _ViE o T SN
R\O N/) ACO\/\O N/) HO\/\O N/)
62 102 - 113 30-41

R = CH,CH,0Ac

Scheme 3.4 | Synthesis of 30 — 41. Reagents and conditions: i) 3,4-dihydro-2H-pyran, p-TsOH-H,O, DCM. ii) 5% Pt/C,
MeOH, 74% over two steps. iii) corresponding halide, K,COs, DMF, RT - 90°C, 97% — quant. iv) 10% Pd/C, MeOH,
68% — quant. v) Fe, NH,Cl, H,O/EtOH (1:1), 60°C, 34 — 99%. vi) corresponding amine, 2-propanol, 82°C, 73 - 97%. vii) 0.16
M HCI (aq.), MeOH. viii) 0.4 M NaOH in MeOH, 68 — 92%.

| HN/©\

| |

Rs \N) Rs \N)
11 Ry=H, R,=OMe

12 R, =OMe, R,=H
13 R;=H, R,=H

Scheme 3.5 | Synthesis of 11— 13. Reagents and conditions: i) 3-ethynylaniline, 2-propanol, 82°C, 66 — 98%.

cl _ HN©\

=X

>
14 X=N, Y=CH
16 X=CH,Y=N

1Yy — N
NN/) /\/)N
NN

16

Scheme 3.6 | Synthesis of 14 — 16. Reagents and conditions: i) 3-ethynylaniline, cat. HCI (ag.), 2-propanol, 82°C, 32 — 43%.
ii) 3-ethynylaniline, 2-propanol, 82°C, 35%.
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Cl HN N Cl HN N R
/O NN i /O NN i /O NN
LS AL Sqe

N

/O NN

o 7
42-44

Scheme 3.7 | Synthesis of 42 — 47. Reagents and conditions: i) 1H-indazol-6-amine (for 42), 1H-indazol-5-amine (for 43)
or 1H-benzo[d]imidazole-5-amine (for 44), MeCN, 80°C, 48 — 74%. ii) 2-chloropyrimidin-4-amine, Cs,COs, xantphos,
Pd(OAC),, DMF, 90°C, 67%. iii) 1H-pyrazole (for 46) or 1H-pyrrole (for 47), NaH, dioxane, 90 —100°C, 38 — 70%.

HN (o] HN rx.1§
i ~A SO i ~ /\/O N=
— O >N — > O ~N
/o\/\o N/) /O\/\O N/)
Cl 114 48
\O/\/O N |
e J@t
T
i So ™0 SN N=
J
/O\/\O N/
49

b oy =y
N= N=

Scheme 3.8 | Synthesis of 48 and 49. Reagents and conditions: i) 2-chloropyrimidin-4-amine, Cs,COs, xantphos,
Pd(OAC),, DMF, 90°C, 63%. ii) 1H-pyrazole, K,COs, dioxane, 95°C, 19%. iii) 116, 2-propanol, 82°C, 45%. iv) 1H-pyrazole,
ethyl 2-oxocyclohexane-1-carboxylate, Cs,COs, Cu,0O, MeCN, 82°C, 55%. v) NH.Cl, Fe, EtOH/H,0 (30:1), 80°C, 98%.

115 116

General procedures

All reagents were purchased from chemical suppliers (Fluorochem, Sigma-Aldrich, Merck, Fisher
Scientific) and used without further purification. Solvents (Honeywell, VWR, Biosolve) indicated with “dry”
were stored on activated 3 A (MeCN) or 4 A (other solvents) molecular sieves (8 to 12 mesh, Acros
Organics). Solvents indicated by “degassed” were sonicated while bubbling N2 through the solvent for
20 min. All reactions were performed at room temperature (RT) under a nitrogen atmosphere, unless
stated otherwise. Reactions were monitored by thin layer chromatography (TLC, silica gel 60, UV2ss,
Macherey-Nagel, ref: 818333) and compounds were visualized by UV absorption (254 nm and/or 366
nm) or spray reagent (permanganate (5 g/L KMnOs, 25 g/L K2CO3)) followed by heating. Alternatively,
reactions were monitored by liquid chromatography-mass spectrometry (LCMS), either on a Thermo
Finnigan (Thermo Finnigan LCQ Advantage MAX ion-trap mass spectrometer (ESI+) coupled to a

68



Hit optimization of quinazolines as BUBT inhibitors

Surveyor HPLC system (Thermo Finnigan) equipped with a Nucleodur C18 Gravity column (50x4.6 mm,
3 pm particle size, Macherey-Nagel)) or a Thermo Fleet (Thermo LCQ Fleet ion-trap mass spectrometer
(ESI+) coupled to a Vanquish UHPLC system). LCMS eluent consisted of MeCN in 0.1% TFA (aqg.) and
LCMS methods were as follows: 0.5 min cleaning with starting gradient, 8 min using specified gradient
(linear), 2 min cleaning with 90% MeCN in 0.1% TFA (aq.). LCMS data is reported as follows: instrument
(Finnigan or Fleet), gradient (% MeCN in 0.1% TFA (aq.)), retention time (t;) and mass (as m/z: [M+H]*).
Purity of final compounds was determined to be > 95% by integrating UV intensity of spectra generated
by either of the LCMS instruments. "H and *C NMR spectra were recorded on a Bruker AV300 (300 and
75 MHz, respectively), Bruker AV400 (400 and 101 MHz, respectively) or Bruker AV500 (500 and 126
MHz, respectively) NMR spectrometer. NMR samples were prepared in deuterated chloroform, water,
methanol or DMSO. Chemical shifts are given in ppm (5) relative to residual protonated solvent signals
(CDCls - & 7.260 (*H), & 77.160 (™*C), D20 — & 4.790 ("H), MeOD — & 3.310 ("H), & 49.000 ("*C), DMSO -
5 2.500 ("H), & 39.520 (**C)). Data was processed by using MestReNova (v. 14) and is reported as follows:
chemical shift (8), multiplicity, coupling constant (J in Hz) and integration. Multiplicities are abbreviated
as follows: s = singlet, br s = broad singlet, app. s = apparent singlet, d = doublet, dd = doublet of
doublets, ddd = doublet of doublet of doublets, td = triplet of doublets, t = triplet, dt = doublet of
triplets, tt = triplet of triplets, q = quartet, p = pentet, hept = heptet, m = multiplet, br m = broad
multiplet. Purification was done either by manual silica gel column chromatography (using 40-63 pm, 60
A silica gel, Macherey-Nagel) or automated flash column chromatography on a Biotage Isolera machine
(using pre-packed cartridges with 40-63 um, 60 A silica gel (4, 12, 25 or 40 g), Screening Devices). High
resolution mass spectrometry (HRMS) spectra were recorded through direct injection of a 1 pM sample
either on a Thermo Scientific Q Exactive Orbitrap equipped with an electrospray ion source in positive
mode coupled to an Ultimate 3000 system (source voltage = 3.5 kV, capillary temperature = 275 °C,
resolution R = 240,000 at m/z 400, external lock, mass range m/z = 150-2000) or on a Synapt G2-Si high
definition mass spectrometer (Waters) equipped with an electrospray ion source in positive mode (ESI-
TOF) coupled to a NanoEquity system with Leu-enkephalin (m/z = 556.2771) as internal lock mass. The
eluent for HRMS measurements consisted of a 1:1 (v/v) mixture of MeCN in 0.1% formic acid (aq.) using
a flow of 25 mL/min. Compound names were generated by ChemDraw (v. 19.1.21).

General procedure A — Aromatic substitution

4-Chloroquinazoline analogue (1 eq.) was dissolved in 2-propanol (~0.18 M) after which corresponding
aniline or amine analogue (1 — 1.2 eq.) was added. DIPEA (2 eq.) was added only if the aniline or amine
analogue was an HCl salt. The mixture was heated to 82°C, stirred for indicated time and subsequently
poured into 0.1 M NaHCOs (aq.) (30 mL). The product was extracted with DCM (3x30 mL) or EtOAc (3x30
mL), the combined organic layers washed with brine (100 mL) and subsequently dried over Na.SO.,
filtered and concentrated. Purification was performed as indicated.

General procedure B — Acetyl deprotection

Acetyl-protected alcohol starting material was dissolved in a solution of 0.4 M NaOH in MeOH (2.7 eq.)
and the mixture was stirred for indicated time. The mixture was diluted in H20 (30 mL) and the product
extracted with EtOAc (3x30 mL) or 20% MeOH in DCM (3x30 mL) and brine was added when required.
The combined organic layers were washed with brine (100 mL), dried over NazSOs, filtered and
concentrated. For water soluble products, the mixture was concentrated directly and purified as
indicated.

General procedure C — Suzuki coupling

A microwave tube was charged with 3-bromoaniline analogue (1 eq.), corresponding boronic acid (1.2
eq.), K2COs (4 eq.) and 4:1 dioxane/Hz20 (~0.15 M). N2 was bubbled through the mixture for 1 min after
which Pd(dppf)ClDCM (0.07 eq.) was added. N2 was bubbled through the mixture for 30 sec after which
the vial was sealed. The mixture was heated to 100°C, stirred for 1.5 h and subsequently poured into H.0
(20 mL). The product was extracted with EtOAc (3x20 mL) and the combined organic layers were washed
with brine (50 mL). The organic layer was dried over Na2SOy, filtered and concentrated. Purification was
performed as indicated.
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General procedure D — Nucleophilic aromatic substitution

4-Chloro-6,7-dimethoxyquinazoline (50.0 mg, 223 umol) was suspended in MeCN (0.11 M) after which
corresponding amine analogue (1 eq.) was added. The mixture was heated to 80°C, stirred for indicated
time and subsequently poured into T M NaHCO;s (aq.) (20 mL). The product was extracted with EtOAc
(3x20 mL) and the combined organic layers were concentrated as such. Purification was performed as
indicated.

General procedure E — Alkylation

4-Nitro-1H-pyrazole (1 eq.) and K2COs (1.2 eq.) were mixed in dry DMF (at indicated reaction molarity).
Corresponding halide (1 — 1.2 eq.) was added and the mixture was stirred for 16 h at indicated
temperature. The mixture was poured into H20 (30 mL) and the product extracted with EtOAc (3x20 mL).
The combined organic layers were washed with brine (30 mL), dried over Na.SO, filtered and
concentrated. The crude was purified by silica gel column chromatography (5 — 30% EtOAc/pentane) to
afford the product.

General procedure F — Reduction

4-Nitropyrazole analogue (1 eq.) was dissolved in degassed MeOH (3 mL). 10% Pd/C (10 mass%) was
added and the atmosphere was exchanged for Ha. The mixture was vigorously stirred for indicated time
while bubbling Hz through the mixture. The atmosphere was exchanged for Nz, after which the mixture
was filtered over Celite and concentrated to afford the product.

General procedure G — Reduction

4-Nitropyrazole analogue (1 eq.) and NH4Cl (4 eq.) were mixed in a 1:1 mixture of H.O/EtOH (~0.1 M).
Iron powder (3 eq.) was added and the mixture was stirred at 60°C for 2 h. The hot mixture was filtered
over Celite and concentrated. The residue was diluted in DCM (20 mL) and poured into H20 (20 mL). The
organic layer was separated and the water layer washed with DCM (20 mL). The combined organic layers
were washed with brine (20 mL), dried over Na2SO;, filtered and concentrated to afford the product.

2-((4-((3-Ethynylphenyl)amino)-7-(2-methoxyethoxy)quinazolin-6-yl)oxy)ethan-1-ol (1)
The title compound was synthesized as described in Chapter 2
(compound 3)
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N-(3-Ethynylphenyl)-6,7-bis(2-methoxyethoxy)quinazolin-4-amine (2)
The title compound was synthesized from 4-chloro-6,7-bis(2-
@\ methoxyethoxy)quinazoline (40.0 mg, 128 pmol) and 3-ethynylaniline
HN X (15.9 pL, 141 pmol) according to general procedure A (reaction time:
N 1.5 h). The crude was purified by silica gel column chromatography (1
/O\/\o | N/) - 10% MeOH/DCM) to afford the product (49.0 mg, 125 pmol, 97%).
"H NMR (400 MHz, CDCls) & 8.63 (s, 1H), 7.84 (t, J = 1.9 Hz, 1H), 7.72
(dd, J = 8.1, 1.2 Hz, TH), 7.64 (s, TH), 7.32 (t, J = 7.9 Hz, 1H), 7.28 — 7.21 (m, 2H), 7.14 (s, 1H), 4.24 - 4.13
(m, 4H), 3.80 — 3.73 (m, 4H), 3.41 (s, 3H), 3.40 (s, 3H), 3.08 (s, TH). 3C NMR (101 MHz, CDCls) & 156.43,
154.60, 153.70, 148.88, 147.63, 138.96, 129.10, 127.85, 125.23, 122.88, 122.49, 109.26, 108.74, 102.56,
83.48,77.58, 71.05, 70.48, 69.17, 68.36, 59.42, 59.34. LCMS (Finnigan, 10 = 90%): t, = 5.38 min, m/z: 394.2.

HRMS [C2:H23N304 + H]": 394.17613 calculated, 394.1764 found.
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2-((7-(2-Methoxyethoxy)-4-(phenylamino)quinazolin-6-yl)oxy)ethan-1-ol (3)
The title compound was synthesized from 52 (36.1 mg, 90.8 umol) according
/@ to general procedure B (reaction time: 3 h). The crude was purified by
HN automated column chromatography (4 — 20% MeOH/DCM) to afford the
Ho 0 N product (28.7 mg, 80.8 umol, 89%). "H NMR (500 MHz, MeOD) & 8.36 (s, 1H),
‘ P 7.70 (s, TH), 7.69 (d, J = 7.6 Hz, 2H), 7.37 (t, J = 7.9 Hz, 2H), 7.18 = 7.11 (m,
N 2H), 4.31 - 4.27 (m, 2H), 4.27 — 4.24 (m, 2H), 3.98 — 3.94 (m, 2H), 3.85 — 3.81
(m, 2H), 3.45 (s, 3H). LCMS (Finnigan, 10 - 90%): t. = 4.50 min, m/z: 356.2. HRMS [C19H21N30, + H]™:

356.16048 calculated, 356.1613 found.

/O\/\o

2-((7-(2-Methoxyethoxy)-4-(naphthalen-2-ylamino)quinazolin-6-yl)oxy)ethan-1-ol (4)

The title compound was synthesized from 53 (36.7 mg, 82.0 umol)
according to general procedure B (reaction time: 3 h). The crude was
HN purified by automated column chromatography (4 — 20% MeOH/DCM)
HO/\/O SN to afford the product (28.8 mg, 71.0 umol, 87%). '"H NMR (500 MHz,
/O\/\o ‘ N/) MeOD) & 8.45 (s, 1H), 8.17 (s, 1H), 7.83 (d, J = 8.8 Hz, 1H), 7.81 - 7.72
(m, 4H), 7.43 (t, ) = 7.4 Hz, 1H), 7.39 (t, / = 7.3 Hz, 1H), 7.15 (s, T1H), 4.31
—4.27 (m, 2H), 4.26 — 4.21 (m, 2H), 4.00 — 3.95 (m, 2H), 3.87 — 3.82 (m, 2H), 3.46 (s, 3H). *C NMR (126
MHz, MeOD) & 157.97, 154.88, 153.33, 149.49, 146.41, 136.76, 134.41, 131.50, 128.86, 127.99, 127.95,
126.74, 125.57, 123.25, 120.24, 110.27, 107.64, 103.74, 71.39, 70.88, 68.55, 60.92, 59.27. LCMS (Finnigan,

0 - 50%): t, = 8.31 min, m/z: 406.2. HRMS [C23H,3N304 + H]": 406.17613 calculated, 406.1764 found.

N-(3-Chlorophenyl)-6,7-bis(2-methoxyethoxy)quinazolin-4-amine (5)
The title compound was synthesized from 4-chloro-6,7-bis(2-
@\ methoxyethoxy)quinazoline (41.0 mg, 131 pmol) and 3-chloroaniline
HN Cl (15.3 pL, 144 uymol) according to general procedure A (reaction time: 1.5
o O SN h). The crude was purified by silica gel column chromatography (1 - 4%
MeOH/DCM) to afford the product (52.0 mg, 129 umol, 98%). '"H NMR
(400 MHz, MeOD) & 8.39 (s, 1H), 7.88 (s, 1H), 7.63 (dd, J = 8.2, 1.0 Hz,
1H), 7.60 (d, J = 1.5 Hz, 1H), 7.30 (t, J = 8.1 Hz, 1H), 7.09 (dd, J = 8.0, 1.0 Hz, 1H), 7.03 (s, 1H), 4.26 (t, J =
4.7 Hz, 2H), 4.25 — 4.18 (m, 2H), 3.86 — 3.77 (m, 4H), 3.46 (s, 3H), 3.44 (s, 3H). *C NMR (101 MHz, MeOD)
6 157.88, 155.63, 153.48, 150.03, 147.16, 141.47, 134.99, 130.61, 124.66, 123.14, 121.31, 110.33, 107.87,
103.71, 71.69, 71.44, 69.68, 69.31, 59.53, 59.48. LCMS (Finnigan, 10 - 90%): t. = 5.43 min, m/z: 404.1.

HRMS [C20H22CIN3O,4 + H]": 404.13716 calculated, 404.1378 found.

2,2'-((4-((3-Ethynylphenyl)amino)quinazoline-6,7-diyl)bis(oxy))bis(ethan-1-ol) (6)
The title compound was synthesized from 64 (36 mg, 80 pmol)
/©\ according to general procedure B (reaction time: 1 h). The crude was
HN X purified by silica gel column chromatography (4 — 20% MeOH/DCM) to
Ho O SN afford the product (22.9 mg, 62.7 pmol, 78%). 'H NMR (400 MHz,
‘ P MeOD) 6 842 (s, TH), 7.91 (t, J = 1.9 Hz, 1H), 7.77 (ddd, J = 8.2, 2.3, 1.1
N Hz, 1H), 7.73 (s, TH), 7.37 (t, J = 7.9 Hz, 1H), 7.25 (dt, J = 7.7, 1.3 Hz, TH),
7.15 (s, TH), 4.28 — 4.24 (m, 2H), 4.24 — 4.20 (m, 2H), 4.02 — 3.97 (m, 4H), 3.52 (s, TH). ®*C NMR (101 MHz,
MeOD) & 158.47, 156.08, 153.92, 150.57, 147.63, 140.62, 129.91, 128.74, 127.06, 124.30, 124.18, 110.61,
108.04, 103.69, 84.30, 78.72, 72.01, 71.71, 61.45, 61.25. LCMS (Finnigan, 10 - 90%): t. = 4.54 min, m/z

366.3. HRMS [C3oH19N3O4 + H]*: 366.14483 calculated, 366.1448 found.

HO\/\O

2,2'-((4-((3-Chlorophenyl)amino)quinazoline-6,7-diyl)bis(oxy))bis(ethan-1-ol) (7)
The title compound was synthesized from 65 (39 mg, 85 umol) according
/@\ to general procedure B (reaction time: 1 h). The crude was purified by
HN Cl silica gel column chromatography (10% MeOH/DCM) to afford the
HO/\/O SN product (30 mg, 80 umol, 94%). 'H NMR (400 MHz, MeOD) & 8.43 (s, 1H),
P 7.87 —7.80 (m, 1H), 7.69 (s, 1H), 7.60 (ddd, J = 8.2, 2.1, 1.0 Hz, 1H), 7.30

HO\/\O N
(t,J =8.1Hz, 1H), 7.13 = 7.06 (m, 2H), 4.27 — 4.17 (m, 4H), 4.02 - 3.96 (m,
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4H). *C NMR (101 MHz, MeOD) § 157.79, 155.29, 153.30, 149.77, 146.93, 140.99, 134.84, 130.40, 124.68,
123.14, 121.23, 110.23, 107.49, 103.22, 71.33, 71.06, 60.91, 60.68. LCMS (Finnigan, 10 = 90%): t. = 4.77
min, m/z: 376.2. HRMS [CygH15CIN3O,4 + H]™: 376.10586 calculated, 376.1064 found.

N-(3-Ethynylphenyl)-6,7-dimethoxyquinazolin-4-amine (8)
The title compound was synthesized from 63 (16.7 mg, 74.3 umol) and 3-
/©\ ethynylaniline (8.4 pL, 74.3 pmol) according to general procedure A (reaction
HN X timer 1.5 h). The crude was purified by silica gel column chromatography (1 -
_0 N 10% MeOH/DCM) to afford the product (21 mg, 69 pmol, 93%). "H NMR (400
N /) MHz, MeOD) 6 8.42 (s, TH), 7.84 (t, J = 1.8 Hz, TH), 7.75 - 7.67 (m, 2H), 7.34 (t,
© N J =79 Hz, TH), 7.25 (dt, J = 7.7, 1.3 Hz, TH), 7.14 (s, 1H), 403 (s, 3H), 4.01 (s,
3H), 3.33 (s, TH). *C NMR (101 MHz, MeOD) & 158.15, 155.97, 153.37, 150.58, 147.03, 139.86, 129.54,

128.67, 126.98, 124.17, 123.69, 110.32, 106.67, 102.18, 83.94, 78.24, 56.77, 56.57. LCMS (Finnigan, 10 -
90%): t. = 5.15 min, m/z: 306.3. HRMS [C1gH15N30, + H]*: 306.12370 calculated, 306.1244 found.

N-(3-Chlorophenyl)-6,7-dimethoxyquinazolin-4-amine (9)
The title compound was synthesized from 63 (15.8 mg, 70.3 pmol) and 3-
/@\ chloroaniline (7.4 pL, 70.3 pmol) according to general procedure A (reaction
HN Cl time: 1.5 h). The crude was purified by silica gel column chromatography (0 —
0 SN 4% MeOH/DCM) to afford the product (21 mg, 67 pmol, 95%). 'H NMR (400
- J MHz, MeOD) & 8.45 (s, TH), 7.83 (t, J = 2.1 Hz, 1H), 7.71 (s, 1H), 7.61 (ddd, J =
° N 8.2, 2.1, 1.0 Hz, 1H), 7.31 (t, J = 8.1 Hz, TH), 7.13 (s, TH), 7.10 (ddd, J = 8.0, 2.1,
1.0 Hz, TH), 4.03 (s, 3H), 4.01 (s, 3H). *C NMR (101 MHz, MeOD) & 157.82, 155.74, 153.25, 150.38, 147.03,
140.96, 134.82, 130.37, 124.68, 123.18, 121.26, 110.24, 106.65, 101.95, 56.71, 56.54, 49.86. LCMS
(Finnigan, 10 - 90%): t. = 5.26 min, m/z: 316.3. HRMS [Cs6H14CIN3O, + H]": 316.08473 calculated,

316.0852 found.

N-(3-Chloro-4-fluorophenyl)-6,7-dimethoxyquinazolin-4-amine (10)

F The title compound was synthesized from 4-chloro-6,7-dimethoxyquinazoline
/@[ (50.0 mg, 223 pmol) and 3-chloro-4-fluoroaniline (32.4 mg, 223 ymol) according
HN Cl to general procedure A (reaction time: 16 h). The crude was suspended in DCM
0 N (5 mL) and filtered. The solids were collected, loaded onto Celite and
N /) subsequently purified by automated column chromatography (50 - 100%
EtOAc/DCM) to afford the product (50.7 mg, 152 pmol, 68%). "H NMR (400 MHz,
DMSO0) 6 9.50 (s, 1H), 8.49 (s, 1H), 8.11 (dd, J = 6.9, 2.6 Hz, 1H), 7.79 (ddd, J = 9.0, 4.3, 2.7 Hz, 1H), 7.75
(s, TH), 7.42 (t, J = 9.1 Hz, 1H), 7.16 (s, TH), 3.94 (s, 3H), 3.92 (s, 3H). *C NMR (101 MHz, DMSO) & 156.00,
154.36, 152.62, 151.94, 149.01, 147.04, 136.87 (d, Jic-r) = 3.0 Hz), 123.39, 122.21 (d, Jic-r) = 6.7 Hz), 118.80
(d, Jien = 18.3 Hz), 116.50 (d, Jic-n = 21.6 Hz), 108.78, 107.19, 101.62, 56.20, 55.82. LCMS (Fleet, 10 —

90%): t, = 4.68 min, m/z: 334.3. HRMS [C4¢H13CIFN3O, + H]": 334.07531 calculated, 334.07508 found.

N-(3-Ethynylphenyl)-7-methoxyquinazolin-4-amine (11)
The title compound was synthesized from 4-chloro-7-methoxyquinazoline
(50.0 mg, 257 pmol) and 3-ethynylaniline (26.9 pL, 257 pmol) according to
HN X general procedure A (reaction time: 3 h). The crude was purified by automated
SN column chromatography (20 — 60% EtOAc/DCM) to afford the product (69.2
B mg, 251 umol, 98%). 'H NMR (400 MHz, DMSO) & 9.68 (s, 1H), 8.58 (s, 1H), 8.43
N (d, J =9.2 Hz, 1H), 8.09 (t, J = 1.9 Hz, 1H), 7.91 (ddd, J = 8.4, 2.3, 1.1 Hz, TH),
7.38(t,J = 7.9 Hz, TH), 7.26 —= 7.19 (m, 2H), 7.18 (d, J = 2.6 Hz, TH), 4.19 (s, 1H), 3.90 (s, 3H). *C NMR (101
MHz, DMSO) & 162.76, 157.25, 154.90, 152.18, 139.74, 128.87, 126.50, 124.78, 124.55, 122.56, 121.77,

117.74, 109.42, 107.00, 83.63, 80.51, 55.61. LCMS (Fleet, 10 - 90%): t. = 4.39 min, m/z: 276.3. HRMS
[C47H13N30 + H]™: 276.11314 calculated, 276.11296 found.

o
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N-(3-Ethynylphenyl)-6-methoxyquinazolin-4-amine (12)
The title compound was synthesized from 4-chloro-6-methoxyquinazoline
(50.0 mg, 257 umol) and 3-ethynylaniline (26.9 uL, 257 pmol) according to

HN N\ 9eneral procedure A (reaction time: 3 h). The crude was purified by automated
_0O SN column chromatography (20 — 60% EtOAc/DCM) to afford the product (58.1
) mg, 211 umol, 82%). 'H NMR (500 MHz, DMSO) & 9.62 (s, 1H), 8.54 (s, 1H), 8.05

N

(t, /= 1.9 Hz, 1H), 7.94 (ddd, J = 8.3, 2.3, 1.1 Hz, 1H), 7.88 (d, J = 2.7 Hz, 1H),
7.72(d,J =9.0Hz 1H), 7.47 (dd, J = 9.1, 2.7 Hz, 1H), 7.41 (t, / = 7.9 Hz, 1H), 7.24 (dt, J = 7.6, 1.3 Hz, 1H),
4.19 (s, TH), 3.93 (s, 3H). 3C NMR (126 MHz, DMSO) & 157.42, 156.77, 152.18, 145.18, 139.64, 129.45,
128.88, 126.62, 124.98, 124.23, 122.75, 121.79, 115.66, 102.10, 83.51, 80.54, 55.99. LCMS (Fleet, 10 —
90%): t, = 4.42 min, m/z: 276.3. HRMS [C;7H13N30 + H]*: 276.11314 calculated, 276.11305 found.

N-(3-Ethynylphenyl)quinazolin-4-amine (13)
The title compound was synthesized from 4-chloroquinazoline (50.0 mg, 304 umol)
and 3-ethynylaniline (34.2 pL, 257 pmol) according to general procedure A
HN N\ (reaction time: 3 h). The crude was purified by automated column chromatography
SN (1 - 10% MeOH/DCM) to afford the product (49.3 mg, 201 pmol, 66%). 'H NMR
_ (500 MHz, MeOD) & 8.52 (s, 1H), 8.31 (dd, J = 8.4, 0.7 Hz, TH), 7.93 (t, / = 1.9 Hz,
N 1H), 7.81 (ddd, J = 8.3, 6.9, 1.3 Hz, 1H), 7.79 — 7.72 (m, 2H), 7.58 (ddd, J = 8.3, 6.9,
1.3 Hz, TH), 7.34 (t, J = 7.9 Hz, TH), 7.25 (dt, J = 7.7, 1.3 Hz, TH), 3.50 (s, TH). *C NMR (126 MHz, MeOD)
6 159.83, 155.49, 150.31, 140.17, 134.54, 129.86, 129.09, 128.03, 128.01, 127.20, 124.42, 124.15, 123.51,
116.61, 84.23, 78.81. LCMS (Fleet, 0 — 50%): t, = 6.61 min, m/z: 246.1. HRMS [Cq¢H11N3 + H]": 246.10257

calculated, 246.10253 found.

N-(3-Ethynylphenyl)-6,7-dimethoxyisoquinolin-1-amine (14)
A microwave tube charged with 1-chloro-6,7-dimethoxyisoquinoline (100 mg,
447 pmol) was mixed in 2-propanol (3 mL) after which 3-ethynylaniline (50 pL,
HN N M7 pmol) and a catalytic amount of 2 M HCl (aq., 50 L) were added. The vial
/Om\‘ was sealed and the mixture was stirred at 82°C for 16 h. This mixture was
- _ poured into sat. NaHCOs (ag.) (20 mL) and the product extracted with
0 CHCl3/MeOH (4:1) (3x20 mL). The combined organic layers were washed with
H20 (30 mL), dried over NazSOs, filtered and concentrated. The crude was purified by silica gel column
chromatography (0 - 5% MeOH/DCM) to afford the product (44.0 mg, 145 umol, 32%). '"H NMR (400
MHz, DMSO) &6 8.96 (s, 1H), 8.00 (t, J/ = 1.9 Hz, 1H), 7.92 — 7.87 (m, 2H), 7.78 (s, TH), 7.32 (t, / = 7.9 Hz,
1H), 7.25 (s, TH), 7.12 (d, J = 5.7 Hz, 1H), 7.07 (dt, J = 7.5, 1.3 Hz, T1H), 4.15 (s, TH), 3.97 (s, 3H), 3.91 (s, 3H).
3C NMR (101 MHz, DMSO) & 152.11, 151.03, 149.24, 141.86, 138.85, 133.51, 128.73, 124.38, 122.85,

121.57, 120.76, 113.30, 112.64, 105.99, 102.87, 84.02, 80.04, 56.06, 55.61. LCMS (Fleet, 10 —» 90%): t, =
4.50 min, m/z: 305.3. HRMS [C19H16N20; + H]*: 305.12845 calculated, 305.12840 found.

N-(3-Ethynylphenyl)-6,7-dimethoxyquinolin-4-amine (15)
A microwave tube charged with 1-chloro-6,7-dimethoxyisoquinoline (100 mg,
@\ 447 umol) was mixed in 2-propanol (3 mL) after which 3-ethynylaniline (50 pL,
HN A 447 umol) and a catalytic amount of 2 M HCl (aq., 50 pL) were added. The vial
0 N was sealed and the mixture was stirred at 82°C for 16 h. This mixture was
N m poured into sat. NaHCOs (aq.) (20 mL) and the product extracted with
0 N CHCl3/MeOH (4:1) (3x20 mL). The combined organic layers were washed with
H20 (30 mL), dried over NazSOs, filtered and concentrated. The crude was purified by silica gel column
chromatography (0 - 5% MeOH/DCM) to afford the product (58.3 mg, 192 umol, 43%). '"H NMR (400
MHz, DMSO) & 8.88 (brs, TH), 8.33 (d, J = 5.4 Hz, 1H), 7.65 (s, 1H), 7.42 — 7.39 (m, 3H), 7.27 (s, 1H), 7.24
- 7.18 (m, TH), 6.89 (d, J = 5.4 Hz, TH), 4.22 (s, TH), 3.93 (s, 3H), 3.91 (s, 3H). 3C NMR (101 MHz, DMSO)
& 151.91, 148.42, 147.88, 146.02, 145.48, 141.36, 129.85, 126.34, 124.46, 122.76, 122.17, 114.21, 107.84,

101.57, 101.02, 83.28, 80.97, 55.94, 55.57. LCMS (Fleet, 10 - 90%): t, = 4.66 min, m/z: 305.3. HRMS
[C1oH16N20;, + H]": 305.12845 calculated, 305.12831 found.
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N-(3-Ethynylphenyl)-7H-pyrrolo[2,3-d]pyrimidin-4-amine (16)
The title compound was synthesized from 4-chloro-7H-pyrrolo[2,3-d]pyrimidine
/©\ (50.0 mg, 326 pmol) and 3-ethynylaniline (36.6 pL, 326 umol) according to general
HN X Procedure A, using 5% MeOH/CHCI; for the extraction (reaction time 18 h). The
N crude was purified by automated column chromatography (1 — 10% MeOH/DCM)
/) to afford the product (26.6 mg, 114 pmol, 35%). '"H NMR (500 MHz, MeOD) & 8.26
N (s, TH), 7.89 (t, J = 1.8 Hz, 1H), 7.70 (ddd, J = 8.2, 2.2, 1.0 Hz, 1H), 7.28 (t, / = 7.9 Hz,
1H), 7.17 (dt, J = 7.6, 1.2 Hz, 1H), 7.14 (d, J = 3.5 Hz, 1H), 6.66 (d, J = 3.5 Hz, 1H), 3.40 (s, 1H). *C NMR
(126 MHz, MeOD) & 155.43, 151.61, 151.36, 141.02, 129.72, 127.73, 125.68, 123.93, 123.29, 122.94, 105.41,
99.87, 84.39, 78.29. LCMS (Fleet, 0 » 50%): t. = 6.19 min, m/z: 235.1. HRMS [Cy4H10N4 + H]*: 235.09782

calculated, 235.09760 found.

2,2'-((4-((3-Ethylphenyl)amino)quinazoline-6,7-diyl)bis(oxy))bis(ethan-1-ol) (17)
The title compound was synthesized from 66 (28 mg, 62 pmol)
/@v according to general procedure B (reaction time: 1 h). The crude was
HN purified by silica gel column chromatography (5 — 8% MeOH/DCM) to
HO/\/O N afford the product (19 mg, 51 umol, 83%). '"H NMR (400 MHz, MeOD) &
P 8.34 (s, 1H), 7.68 (s, 1H), 7.55 = 7.49 (m, 2H), 7.29 (t, J = 7.7 Hz, 1H), 7.09
(s, TH), 7.02 (dt, J = 7.6, 1.2 Hz, 1H), 4.26 — 4.21 (m, 2H), 4.21 - 4.17 (m,
2H), 4.01 - 3.94 (m, 4H), 2.67 (q, J = 7.6 Hz, 2H), 1.27 (t, J = 7.6 Hz, 3H). *C NMR (101 MHz, MeOD) &
158.64, 155.92, 153.87, 150.39, 147.20, 146.24, 140.11, 129.73, 125.20, 123.72, 121.71, 110.50, 107.86,
103.81, 71.97, 71.65, 61.45, 61.24, 29.89, 16.11. LCMS (Finnigan, 10 = 90%): t. = 4.92 min, m/z: 370.2.

HRMS [CaoH23N304 + H]™: 370.17613 calculated, 370.17599 found.

HO\/\O

2,2'-((4-((3-Isopropylphenyl)amino)quinazoline-6,7-diyl)bis(oxy))bis(ethan-1-ol) (18)
The title compound was synthesized from 67 (28.8 mg, 61.6 pmol)
according to general procedure B (reaction time: 1 h). The crude was
HN purified by silica gel column chromatography (5 — 8% MeOH/DCM) to
Ho >0 SN afford the product (20 mg, 52 umol, 85%). "H NMR (400 MHz, MeOD) &
P 8.34 (s, 1H), 7.70 (s, TH), 7.57 (ddd, J = 8.1, 2.2, 1.1 Hz, 1H), 7.53 (t, / =
N 1.9 Hz, 1H), 7.30 (t, J = 7.8 Hz, 1H), 7.10 (s, 1H), 7.05 (dt, J = 7.8, 1.1 Hz,
1H), 4.26 — 4.22 (m, 2H), 4.22 — 417 (m, 2H), 4.02 — 3.94 (m, 4H), 2.93 (hept, J = 6.9 Hz, 1H), 1.29 (d, J =
6.9 Hz, 6H). *C NMR (101 MHz, MeOD) & 158.64, 155.90, 153.96, 150.91, 150.38, 147.38, 140.14, 129.72,
123.73, 122.28,121.90, 110.54, 107.97, 103.81, 71.97, 71.65, 61.45, 61.25, 35.45, 24.43. LCMS (Fleet, 10 —»
90%): t, = 4.46 min, m/z: 384.3. LCMS (Fleet, 10 » 90%): t, = 4.46 min, m/z: 384.3. HRMS [C31H25N30,4 +

H]": 384.19178 calculated, 384.19186 found.

HO\/\O

2,2'-((4-([1,1'-Biphenyl]-3-ylamino)quinazoline-6,7-diyl)bis(oxy))bis(ethan-1-ol) (19)
The title compound was synthesized from 68 (39 mg, 78 umol)
according to general procedure B (reaction time: 1 h). The crude was
purified by silica gel column chromatography (5 — 8% MeOH/DCM)
O/\/O N to afford the product (28.8 mg, 69.0 umol, 89%). 'H NMR (400 MHz,
DMSO) & 9.57 (s, TH), 8.47 (s, TH), 8.06 (t, J = 1.9 Hz, 1H), 7.90 (s, 1H),
7.87 (ddd, J = 8.0, 2.0, 0.9 Hz, 1H), 7.72 = 7.67 (m, 2H), 7.52 — 7.46 (m,
3H), 742 - 7.36 (m, 2H), 7.22 (s, TH), 499 (t, J = 5.4 Hz, 1H), 4.96 (t, J = 5.4 Hz, 1H), 4.24 - 416 (m, 4H),
3.89 - 3.79 (m, 4H). *C NMR (101 MHz, DMSO) & 156.36, 153.83, 152.89, 148.38, 146.95, 140.53, 140.24,
140.07, 129.05, 129.01, 127.57, 126.72, 121.72, 121.35, 120.57, 108.93, 108.15, 103.06, 70.78, 70.40, 59.39,
59.26. LCMS (Finnigan, 10 - 90%): t. = 545 min, m/z: 418.2. HRMS [C2sH»3N30, + H]™: 418.17613
calculated, 418.17623 found.

HO\/\O
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2,2'-((4-((2'-Methyl-[1,1'-biphenyl]-3-yl)amino)quinazoline-6,7-diyl)bis(oxy))bis(ethan-1-ol) (20)

The title compound was synthesized from 75 (26 mg, 50 pmol)

according to general procedure B (reaction time: 1 h). The crude was

purified by silica gel column chromatography (5 — 8% MeOH/DCM)
HO/VO N to afford the product (20 mg, 46 pmol, 92%). '"H NMR (400 MHz,
MeOD) & 8.36 (s, TH), 7.74 - 7.70 (m, 2H), 7.67 (t, J = 1.8 Hz, 1H), 7.42
(t,J=7.9Hz 1H), 7.28 = 7.21 (m, 4H), 7.12 = 7.07 (m, 2H), 4.24 (t, 2H),
4.20 (t, 2H), 4.00 — 3.94 (m, 4H), 2.31 (s, 3H). "*C NMR (101 MHz, MeOD) & 158.61, 155.94, 153.99, 150.43,
147.49, 143.99, 142.99, 140.12, 136.37, 131.37, 130.63, 129.53, 128.43, 126.85, 126.24, 124.84, 122.49,
110.60, 108.00, 103.77, 71.98, 71.66, 61.45, 61.25, 20.69. LCMS (Finnigan, 10 = 90%): t. = 5.74 min, m/z:
432.3. HRMS [C35H25N30,4 + H]*™: 432.19178 calculated, 432.19188 found.

HO\/\O

2,2'-((4-((3'-Methyl-[1,1'-biphenyl]-3-yl)amino)quinazoline-6,7-diyl)bis(oxy))bis(ethan-1-ol) (21)
The title compound was synthesized from 76 (24.5 mg, 47.5 umol)
O according to general procedure B (reaction time: 1 h). The crude
HN O was purified by silica gel column chromatography (4 - 8%
Ho O SN MeOH/DCM) to afford the product (18 mg, 42 pmol, 88%). '"H NMR
P (400 MHz, DMSO) 6 9.56 (s, TH), 8.47 (s, TH), 8.01 (t, J = 1.8 Hz, 1H),
7.92 - 7.85 (m, 2H), 7.54 - 7.43 (m, 3H), 7.42 — 7.33 (m, 2H), 7.22 (s,
1H), 7.20 (d, J = 7.5 Hz, 1H), 5.00 (t, J/ = 5.4 Hz, 1H), 4.96 (t, J = 5.4 Hz, 1H), 4.25 - 4.15 (m, 4H), 3.86 (q, /
= 5.3 Hz, 2H), 3.82 (g, J = 5.3 Hz, 2H), 2.39 (s, 3H). *C NMR (101 MHz, DMSO) & 156.37, 153.83, 152.90,
148.38, 146.95, 140.63, 140.19, 140.02, 138.12, 128.98, 128.90, 128.20, 127.37, 123.84, 121.71, 121.31,
120.53, 108.93, 108.15, 103.06, 70.79, 70.40, 59.40, 59.27, 21.16. LCMS (Fleet, 10 = 90%): t, = 4.94 min,

m/z: 432.3. HRMS [C35H25N304 + H]"™: 432.19178 calculated, 432.19157 found.

H
O\/\o N

3'-((6,7-Bis(2-hydroxyethoxy)quinazolin-4-yl)Jamino)-[1,1'-biphenyl]-3-carbonitrile (22)
The title compound was synthesized from 77 (50.0 mg, 119
O cn Mmol) according to general procedure C using (3-
HN O cyanophenyl)boronic acid. The crude was purified by silica gel
Ho O SN column chromatography (2 — 8% MeOH/DCM) to afford the
Ho\/\o N/) product (39 mg, 88 pymol, 74%). '"H NMR (400 MHz, DMSO) &
9.59 (s, 1H), 8.48 (s, TH), 8.16 (t, J = 1.5 Hz, 1H), 8.11 (t, J = 1.7 Hz,
1H), 8.04 (dt, J = 7.9, 1.4 Hz, 1H), 7.93 (dt, J = 7.8, 1.5 Hz, 1H), 7.88 (s, 1H), 7.85 (dt, J = 7.7, 1.3 Hz, 1H),
7.70 (t,J = 7.8 Hz, TH), 7.52 (t, J = 7.7 Hz, TH), 7.48 (dt, J = 7.7, 1.6 Hz, TH), 7.22 (s, 1H), 5.01 (t, / = 54 Hz,
1H), 4.97 (t, J = 5.4 Hz, 1H), 4.25 — 4.15 (m, 4H), 3.86 (q, J = 5.4 Hz, 2H), 3.82 (q, J = 5.2 Hz, 2H). *C NMR
(101 MHz, DMSO) & 156.34, 153.88, 152.88, 148.41, 146.98, 141.34, 140.27, 138.35, 131.54, 131.19, 130.26,
129.29, 122.24, 121.91, 120.76, 118.83, 112.17, 108.93, 108.14, 103.01, 70.80, 70.42, 59.40, 59.28. LCMS

(Fleet, 10 - 90%): t, = 4.45 min, m/z: 443.3. HRMS [C35H2,N40, + H]": 443.17138 calculated, 443.17105
found.

2,2'-((4-((4'-Methyl-[1,1'-biphenyl]-3-yl)amino)quinazoline-6,7-diyl)bis(oxy))bis(ethan-1-ol) (23)

The title compound was synthesized from 77 (34 mg, 81 umol)

according to general procedure C using p-tolylboronic acid. The

crude was purified by silica gel column chromatography (4 — 8%
Ho/\/o N MeOH/DCM) to afford the product (28 mg, 65 umol, 80%). '"H NMR
(400 MHz, DMSO0) 6 9.55 (s, TH), 8.47 (s, TH), 8.02 (t, J = 1.8 Hz, 1H),
7.89 (s, TH), 7.87 = 7.83 (m, 1H), 7.61 - 7.57 (m, 2H), 7.46 (t, J = 7.9
Hz, 1H), 7.37 (ddd, J = 7.7, 1.8, 1.1 Hz, 1H), 7.31 = 7.27 (m, 2H), 7.22 (s, 1H), 5.00 (t, J = 5.4 Hz, 1H), 4.96
(t, J = 5.4 Hz, TH), 4.24 — 4.16 (m, 4H), 3.86 (q, J = 5.5 Hz, 2H), 3.82 (q, / = 5.3 Hz, 2H), 2.35 (s, 3H). *C
NMR (101 MHz, DMSO) & 156.38, 153.83, 152.90, 148.38, 146.95, 140.42, 140.03, 137.32, 136.85, 129.60,
128.98, 126.53, 121.48, 121.12, 120.30, 108.94, 108.15, 103.08, 70.79, 70.40, 59.40, 59.27, 20.71. LCMS
(Fleet, 10 - 90%): t, = 4.96 min, m/z: 432.3. HRMS [C35H25N30, + H]": 432.19178 calculated, 432.19187
found.

HO\/\O
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3'-((6,7-Bis(2-hydroxyethoxy)quinazolin-4-yl)amino)-[1,1'-biphenyl]-4-carbonitrile (24)
The title compound was synthesized from 77 (45.0 mg, 107

O pmol) according to general procedure C using (4-

HN O cyanophenyl)boronic acid. The crude was purified by silica gel

Ho O SN cn column chromatography (2 — 8% MeOH/DCM) to afford the

) product (26 mg, 59 pmol, 55%). '"H NMR (400 MHz, DMSO) &

N 9.61 (s, TH), 8.48 (s, 1H), 8.15 (t, J = 1.7 Hz, 1H), 7.99 — 7.86 (m,

6H), 7.53 (t, J = 7.8 Hz, 1H), 7.48 (dt, J = 8.2, 1.4 Hz, 1H), 7.22 (s, 1H), 5.00 (t, / = 5.2 Hz, 1H), 496 (t, J =

5.3 Hz, 1H), 4.24 - 4.16 (m, 4H), 3.86 (q, J = 5.3 Hz, 2H), 3.81 (g, / = 5.2 Hz, 2H). C NMR (101 MHz,

DMSO) & 156.31, 153.89, 152.84, 148.42, 146.99, 144.73, 140.32, 138.59, 132.97, 129.35, 127.60, 122.51,

121.99, 120.78, 118.91, 110.14, 108.93, 108.15, 103.02, 70.78, 70.42, 59.39, 59.27. LCMS (Fleet, 10 - 90%):
t. = 4.45 min, m/z: 443.3. HRMS [C2sH2.N40, + HI™: 443.17138 calculated, 443.17117 found.

HO\/\O

2,2'-((4-((3-Methoxyphenyl)amino)quinazoline-6,7-diyl)bis(oxy))bis(ethan-1-ol) (25)

The title compound was synthesized from 69 (49.5 mg, 109 pmol)
/@\ according to general procedure B (reaction time: 1 h). The crude was
HN o~ purified by silica gel column chromatography (5 — 20% MeOH/DCM) to
Ho/\/o N afford the product (32.5 mg, 87.5 pmol, 81%). '"H NMR (400 MHz,
HO_~o N/) MeOD) 6 8.34 (s, TH), 7.63 (s, TH), 7.39 (s, TH), 7.31 - 7.22 (m, 2H), 7.03
(s, TH), 6.71 (d, J = 7.6 Hz, 1H), 4.22 (t, 2H), 4.15 (t, 2H), 4.03 - 3.91 (m,
4H), 3.81 (s, 3H). *C NMR (101 MHz, MeOD) & 161.47, 158.39, 155.78, 154.31, 150.28, 147.21, 141.38,
130.40, 116.14, 110.83, 110.49, 109.78, 107.81, 103.62, 71.91, 71.58, 61.41, 61.20, 55.73. LCMS (Finnigan,

10 - 90%): t, = 4.39 min, m/z: 372.2. HRMS [Cq9H21N3Os + H]™: 372.15540 calculated, 372.1557 found.

2,2'-((4-((3-Phenoxyphenyl)amino)quinazoline-6,7-diyl)bis(oxy))bis(ethan-1-ol) (26)
The title compound was synthesized from 70 (32 mg, 62 pmol)
/@\ according to general procedure B (reaction time: 1 h). The crude
HN o was purified by silica gel column chromatography (4 — 10%
Ho/\/o N MeOH/DCM) to afford the product (22 mg, 51 umol, 82%). '"H NMR
HO_~, N/) (400 MHz, MeOD) & 8.32 (s, TH), 7.60 (s, 1H), 7.51 (ddd, J = 8.1, 2.0,
0.8 Hz, 1H), 7.46 (t, J = 2.1 Hz, 1H), 7.37 - 7.28 (m, 3H), 7.12 - 7.07
(m, TH), 7.06 — 7.01 (m, 3H), 6.73 (ddd, J = 8.2, 2.4, 0.8 Hz, 1H), 4.19 (t, 2H), 4.15 (t, 2H), 3.99 — 3.91 (m,
4H). *C NMR (101 MHz, MeOD) & 159.05, 158.49, 158.26, 155.87, 153.67, 150.37, 147.18, 141.85, 130.87,
130.72, 124.48, 120.08, 118.39, 115.23, 114.02, 110.48, 107.76, 103.58, 71.91, 71.61, 61.42, 61.22. LCMS
(Finnigan, 10 - 90%): t. = 5.56 min, m/z: 434.2. HRMS [C,4H23N30s + H]": 434.17105 calculated, 434.1709

found.

2,2'-((4-((4-Methoxyphenyl)amino)quinazoline-6,7-diyl)bis(oxy))bis(ethan-1-ol) (27)
o The title compound was synthesized from 71 (42 mg, 92 pmol)
/©/ according to general procedure B (reaction time: 1.5 h). The crude was
HN loaded onto Celite and purified by silica gel column chromatography (7
Ho/\/O N - 10% MeOH/DCM) to afford the product (15.4 mg, 41.5 pmol, 45%). 'H
_ NMR (500 MHz, MeOD) & 8.35 (s, 1H), 7.74 (s, 1H), 7.52 — 7.48 (m, 2H),
N 7.14 (s, TH), 6.97 — 6.94 (m, 2H), 4.27 — 4.20 (m, 4H), 4.02 — 3.97 (m, 4H),
3.82 (s, 3H). *C NMR (126 MHz, MeOD) & 158.83, 158.30, 155.76, 152.90, 150.10, 144.93, 131.87, 126.29,
114.88, 109.84, 106.53, 103.90, 71.60, 71.37, 61.03, 60.82, 55.84. LCMS (Finnigan, 10 - 90%): t. = 4.30

min, m/z: 372.1. HRMS [C49H2N3Os + H]": 372.15540 calculated, 372.1555 found.

HO\/\O

2,2'-((4-((4-Phenoxyphenyl)amino)quinazoline-6,7-diyl)bis(oxy))bis(ethan-1-ol) (28)
The title compound was synthesized from 72 (31.5 mg, 60.9 umol)

(0}
/©/ \© according to general procedure B (reaction time: 1 h). The crude
HN was purified by silica gel column chromatography (5 - 10%
N MeOH/DCM) to afford the product (21 mg, 48 umol, 80%). "H NMR

Ho >° N
/) (400 MHz, MeQD) & 8.38 (s, TH), 7.69 (s, 1H), 7.62 — 7.57 (m, 2H),
N
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7.35-7.29 (m, 2H), 7.12 (s, TH), 7.10 = 7.05 (m, 1H), 7.05 - 6.99 (m, 4H), 4.25 - 4.19 (m, 4H), 4.02 - 3.96
(m, 4H). C NMR (101 MHz, MeOD) & 158.17, 158.07, 155.03, 154.65, 153.50, 149.47, 146.75, 134.62,
130.25, 125.48, 123.72, 119.81, 119.09, 110.04, 107.53, 103.37, 71.23, 70.94, 60.86, 60.63. LCMS (Finnigan,
10 = 90%): t. = 5.52 min, m/z: 434.2. HRMS [C4H23N30s + H]": 434.17105 calculated, 434.1713 found.

2,2'-((4-((4-(Benzyloxy)phenyl)amino)quinazoline-6,7-diyl)bis(oxy))bis(ethan-1-ol) (29)

The title compound was synthesized from 73 (19 mg, 36 umol)
OQ according to general procedure B (reaction time: 1 h). The crude

/©/ was purified by silica gel column chromatography (5 — 10%
HN MeOH/DCM) to afford the product (13 mg, 29 umol, 81%). 'H
HO/\/O SN NMR (400 MHz, MeOD) 6 8.32 (s, TH), 7.69 (s, 1H), 7.51 — 7.47

_ (m, 2H), 7.45 - 7.41 (m, 2H), 7.39 - 7.33 (m, 2H), 7.32 - 7.27 (m,
HOo N)

1H), 7.11 (s, TH), 7.03 = 6.99 (m, 2H), 5.08 (s, 2H), 4.26 — 4.19 (m,
4H), 4.02 — 3.96 (m, 4H). 3C NMR (101 MHz, MeOD) & 158.50, 156.94, 155.11, 153.62, 149.55, 146.64,
137.83, 132.39, 129.13, 128.54, 128.10, 125.97, 115.83, 110.07, 107.52, 103.56, 71.34, 71.04, 70.90, 60.92,
60.71. LCMS (Fleet, 10 - 90%): t, = 4.79 min, m/z: 448.3. HRMS [Ca5H25N30s5 + H]*: 448.18670 calculated,
448.1870 found.

2,2'-((4-((1H-Pyrazol-4-yl)amino)quinazoline-6,7-diyl)bis(oxy))bis(ethan-1-ol) (30)
N 102 (30 mg, 60 pmol) was mixed in MeOH (2 mL). 0.16 M HCl in dioxane
J/;/\NH was prepared by diluting 12 M HCI (aq.). in dioxane of which 0.4 mL was

HN added to the reaction mixture. The mixture was stirred for 3 h and
Ho >0 N subsequently concentrated. The title compound was synthesized from the
HO_~¢ N/) remaining solids according to general procedure B (reaction time: 2 h).

Since the product was soluble in water, the crude reaction mixture was
concentrated directly and purified twice by silica gel column chromatography (first 30% MeOH/DCM,
then, 20% MeOH (containing 10% sat. NH4OH (aq.))/DCM) to afford the product (13.5 mg, 40.7 pmol,
68%). '"H NMR (400 MHz, D;0) & 8.17 (s, 1H), 7.51 (s, 2H), 6.88 (s, 1H), 6.41 (s, 1H), 3.90 — 3.79 (m, 8H).
3C NMR (101 MHz, D20) & 155.38, 154.49, 149.56, 148.41, 134.43, 127.07 (br), 120.02, 106.51, 102.75,
100.58, 71.34, 71.27, 60.02, 59.93. LCMS (Finnigan, 0 = 50%): t. = 5.10 min, m/z: 332.2. HRMS [C15H17N504
+ HJ": 332.13533 calculated, 332.1358 found.

2,2'-((4-((1-Methyl-1H-pyrazol-4-yl)amino)quinazoline-6,7-diyl) bis(oxy))bis(ethan-1-ol) (31)
N The title compound was synthesized from 103 (32 mg, 75 pmol) according
- N— to general procedure B (reaction time: 2 h). Since the product was soluble

HN in water, the crude reaction mixture was concentrated directly and purified
Ho O N by silica gel column chromatography (5 — 10% MeOH (containing 10% sat.
HO\/\O N/) NH4OH (aq.))/DCM) to afford the product (23.7 mg, 68.6 umol, 92%). 'H

NMR (400 MHz, DMSO) 6 10.10 (s, TH), 8.51 (s, TH), 8.24 (s, T1H), 7.95 (s,
1H), 7.75 (s, TH), 7.18 (s, TH), 5.00 (br s, 2H), 4.20 (t, J = 5.2 Hz, 2H), 4.16 (t, J = 4.9 Hz, 2H), 3.86 (s, 3H),
3.85-3.79 (m, 4H). *C NMR (101 MHz, DMSO) & 155.25, 153.79, 152.52, 148.34, 144.27, 131.22, 122.77,
122.02, 108.40, 106.84, 103.45, 70.80, 70.45, 59.30, 59.24, 38.83. LCMS (Fleet, 0 = 50%): t, = 4.76 min,
m/z: 346.3. HRMS [Cy6H19N504 + H]": 346.15098 calculated, 346.1516 found.

2,2'-((4-((1-Ethyl-1H-pyrazol-4-yl)amino)quinazoline-6,7-diyl)bis(oxy))bis(ethan-1-ol) (32)
N The title compound was synthesized from 104 (33 mg, 74 pmol)
J/;/\NJ according to general procedure B (reaction time: 2 h). The crude reaction

HN mixture was concentrated directly and purified by silica gel column
Ho >0 SN chromatography (5 — 10% MeOH/DCM) to afford the product (22 mg,
HO_~¢ N/) 61 umol, 82%). "H NMR (400 MHz, MeOD) & 8.45 (s, 1H), 8.20 (d, J = 0.7

Hz, 1H), 7.72 (d, J = 0.7 Hz, 1H), 7.62 (s, TH), 7.06 (s, TH), 4.23 —4.14 (m,
6H), 4.02 — 3.94 (m, 4H), 1.49 (t, J = 7.3 Hz, 3H). *C NMR (101 MHz, MeOD) & 156.88, 154.89, 153.76,
149.48, 145.98, 132.15, 122.86, 122.64, 109.82, 107.38, 103.21, 71.29, 71.02, 60.93, 60.73, 47.80, 15.82.
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LCMS (Fleet, 0 - 50%): t. = 5.09 min, m/z: 360.3. HRMS [C47H2:NsO4 + H]": 360.16663 calculated,
360.1671 found.

2,2'-((4-((1-Benzyl-1H-pyrazol-4-yl)amino)quinazoline-6,7-diyl)bis(oxy))bis(ethan-1-ol) (33)
The title compound was synthesized from 105 (40 mg, 79 pmol)
N \Q according to general procedure B (reaction time: 2 h). The crude
EN reaction mixture was concentrated directly and purified by silica gel
HNT S column chromatography (3 — 10% MeOH (containing 10% sat.
SN NH.4OH (ag.))/DCM) to afford the product (28 mg, 66 pmol, 84%). 'H
NMR (400 MHz, MeOD) & 8.46 (s, 1H), 8.25 (s, 1H), 7.79 (d, / = 0.8
Hz, 1H), 7.65 (s, TH), 7.35-7.26 (m, 3H), 7.26 — 7.21 (m, 2H), 7.09 (s,
1H), 5.31 (s, 2H), 4.24 — 4.16 (m, 4H), 4.01 — 3.95 (m, 4H). *C NMR (101 MHz, MeOD) & 156.70, 154.91,
153.54, 149.49, 145.58, 137.15, 132.51, 129.31, 128.59, 128.03, 123.37, 123.30, 109.74, 107.14, 103.20,
71.23,70.99, 60.85, 60.65, 56.63. LCMS (Finnigan, 0 = 50%): t. = 7.17 min, m/z: 422.3. HRMS [C3,H23N504

+ H]": 422.18228 calculated, 422.1821 found.

o
HO
HO\/\O N/)

2,2'-((4-((1-Phenethyl-1H-pyrazol-4-yl)amino)quinazoline-6,7-diyl)bis(oxy))bis(ethan-1-ol) (34)
The title compound was synthesized from 106 (31 mg, 60 pmol)
E/Nf@ according to general procedure B (reaction time: 1 h). The crude
HNT XY reaction mixture was concentrated directly and purified by silica
SN gel column chromatography (4 — 10% MeOH (containing 10%
HO_~ ) sat. NH4OH (aq.))/DCM) to afford the product (21 mg, 48 umol,
o N 81%). '"H NMR (400 MHz, MeOD) & 8.26 (s, 1H), 7.87 (d, J = 0.7
Hz, 1H), 7.74 (d, J = 0.5 Hz, 1H), 7.41 (s, 1H), 7.26 — 7.20 (m, 2H), 7.19 - 7.14 (m, 1H), 7.12 - 7.08 (m, 2H),
6.94 (s, TH), 430 (t, J = 7.1 Hz, 2H), 4.19 — 4.08 (m, 4H), 4.00 — 3.97 (m, 2H), 3.97 — 3.93 (m, 2H), 3.10 (t, J
=7.1Hz, 2H). ®*C NMR (101 MHz, MeOD) & 157.03, 154.90, 153.94, 149.46, 146.04, 139.27, 132.98, 129.75,
129.55, 127.63, 124.30, 122.82, 109.75, 107.55, 103.26, 71.63, 71.41, 61.10, 60.95, 54.54, 37.46. LCMS
(Finnigan, 10 - 90%): t. = 4.84 min, m/z: 436.3. HRMS [C3H25Ns04 + H]™: 436.19793 calculated, 436.1981

found.

N\

HO/\/O

2,2'-((4-((1-(3-Phenylpropyl)-1H-pyrazol-4-yl)amino)quinazoline-6,7-diyl)bis(oxy))bis(ethan-1-ol)
(35)
The title compound was synthesized from 108 (40.8 mg, 76.5
pumol) according to general procedure B (reaction time: 1 h). The

_N crude reaction mixture was concentrated directly and purified

J;/N by silica gel column chromatography (4 - 10% MeOH

o HIN (containing 10% sat. NH4+OH (aq.))/DCM) to afford the product

HO™ ™ SN (31.4 mg, 69.9 umol, 91%). "H NMR (400 MHz, MeOD) & 8.41 (s,
HO~o N/) 1H), 8.21 (s, TH), 7.76 (s, TH), 7.52 (s, TH), 7.29 — 7.21 (m, 2H),

7.21 =711 (m, 3H), 7.00 (s, 1H), 4.18 (t, / = 4.4 Hz, 2H), 4.17 —
4.08 (m, 4H), 4.01 - 3.91 (m, 4H), 2.64 — 2.55 (m, 2H), 2.16 (p, J = 7.2 Hz, 2H). *C NMR (101 MHz, MeOD)
& 157.19, 155.58, 154.06, 150.17, 146.10, 142.34, 132.66, 129.50, 129.47, 127.09, 123.98, 123.48, 110.01,
107.51, 103.44, 71.87, 71.59, 61.41, 61.23, 52.61, 33.63, 33.15. LCMS (Finnigan, 10 - 90%): t. = 5.18 min,
m/z: 450.3. HRMS [C24H27N504 + H]*: 450.21358 calculated, 450.21345 found.

2,2'-((4-((1-(2-Chlorobenzyl)-1H-pyrazol-4-yl)Jamino)quinazoline-6,7-diyl)bis(oxy))bis(ethan-1-ol)
(36)

The title compound was synthesized from 107 (42 mg, 78 pmol)
N Q according to general procedure B (reaction time: 2 h). The crude
E/\N reaction mixture was concentrated directly and purified by silica gel
NS ' column chromatography (2 — 20% MeOH (containing 10% sat.
SN NH4OH (aq.))/DCM) to afford the product (30 mg, 66 pmol, 85%).
J "H NMR (400 MHz, DMSO) & 9.69 (s, 1H), 8.46 (s, 1H), 8.34 (d, J =
0.7 Hz, 1H), 7.81 (d, J = 0.7 Hz, 1H), 7.79 (s, 1H), 7.50 (dd, J = 7.4, 1.8

(0]
HO
H

O\/\o N
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Hz, 1H), 7.38 = 7.30 (m, 2H), 7.18 (s, 1H), 7.01 (dd, J = 7.1, 2.2 Hz, T1H), 5.47 (s, 2H), 4.99 (t, / = 5.4 Hz, 1H),
4.94 (t,J = 54 Hz, 1H), 4.20 - 4.14 (m, 4H), 3.84 (q, / = 5.3 Hz, 2H), 3.80 (q, / = 5.2 Hz, 2H). 3C NMR (101
MHz, DMSO) & 155.15, 153.53, 153.26, 148.16, 146.30, 135.18, 132.08, 131.90, 129.69, 129.57, 129.40,
127.55, 122.65, 122.22, 108.60, 108.18, 102.96, 70.72, 70.34, 59.37, 59.26, 52.69. LCMS (Fleet, 10 - 90%):
t, = 4.16 min, m/z: 456.3. HRMS [C2,H2,CINsO,4 + H]™: 456.14331 calculated, 456.14322 found.

2,2'-((4-((1-(3-Fluorobenzyl)-1H-pyrazol-4-yl)amino)quinazoline-6,7-diyl) bis(oxy))bis(ethan-1-ol) (37)

The title compound was synthesized from 109 (35 mg, 67 pmol)

\QF according to general procedure B (reaction time: 1 h). The crude

L reaction mixture was concentrated directly and purified by silica

gel column chromatography (4 — 10% MeOH (containing 10%

HO/\/O sat. NH4sOH (aq.))/DCM) to afford the product (25.5 mg, 58.0

) umol, 87%). "TH NMR (400 MHz, DMSO) 8§ 9.69 (s, 1H), 8.47 (s, 1H),

8.37 (s, TH), 7.79 (s, 1H), 7.78 (d, J = 0.7 Hz, 1H), 7.40 (td, J = 8.0,

6.1 Hz, 1H), 7.18 (s, 1H), 7.16 — 7.02 (m, 3H), 5.39 (s, 2H), 4.99 (t, J/ = 5.4 Hz, 1H), 4.94 (t, J/ = 5.4 Hz, 1H),

4.20 - 4.14 (m, 4H), 3.84 (q, J = 5.5 Hz, 2H), 3.80 (q, / = 5.2 Hz, 2H). 3C NMR (101 MHz, DMSO) & 162.17

(d, Jiery = 243.9 Hz), 155.15, 153.54, 153.26, 148.16, 146.28, 140.75 (d, Jc-r) = 7.3 Hz), 131.81, 130.58 (d,

Jic-n = 8.3 Hz), 123.54 (d, Jic-p = 2.7 Hz), 122.69, 122.01, 114.38 (d, Jic-p = 20.9 Hz), 114.21 (d, Jic-r = 21.8

Hz), 108.60, 108.17, 102.99, 70.72, 70.35, 59.37, 59.27, 54.32. LCMS (Finnigan, 10 - 90%): t. = 4.73 min,
m/z: 440.3. HRMS [C;H2:FNsO, + H]*: 440.17286 calculated, 440.17262 found.

2,2'-((4-((1-(3-Methylbenzyl)-1H-pyrazol-4-yl)amino)quinazoline-6,7-diyl)bis(oxy))bis(ethan-1-ol)

38)
The title compound was synthesized from 110 (38.8 mg, 74.7
p\ pumol) according to general procedure B (reaction time: 1 h). The
L crude reaction mixture was concentrated directly and purified by
silica gel column chromatography (4 — 10% MeOH (containing
Ho/\/o 10% sat. NH4OH (aq.))/DCM) to afford the product (29 mg, 67
HO__~. /) pmol, 89%). 'H NMR (400 MHz, DMSO) & 9.66 (s, 1H), 8.45 (s, 1H),

(6] N

8.29 (d, J = 0.7 Hz, 1H), 7.78 (s, 1H), 7.75 (d, J = 0.7 Hz, 1H), 7.24
(t,J =75Hz 1H), 7.17 (s, TH), 7.12 - 7.03 (m, 3H), 5.31 (s, 2H), 4.99 (t, / = 5.4 Hz, 1H), 4.94 (t, J = 5.4 Hz,
1H), 4.20 - 4.13 (m, 4H), 3.84 (q, J = 5.4 Hz, 2H), 3.80 (q, J = 5.2 Hz, 2H), 2.28 (s, 3H). *C NMR (101 MHz,
DMSO) & 155.14, 153.51, 153.29, 148.13, 146.28, 137.72, 137.68, 131.46, 128.47, 128.25, 128.16, 124.73,
122.57,121.72,108.59, 108.18, 102.97, 70.71, 70.34, 59.37, 55.06, 21.02. LCMS (Fleet, 10 —» 90%): t, = 4.16
min, m/z: 436.3. HRMS [C23H25Ns04 + H]™: 436.19793 calculated, 436.19809 found.

2,2'-((4-((1-(4-Chlorobenzyl)-1H-pyrazol-4-yl)amino)quinazoline-6,7-diyl)bis(oxy))bis(ethan-1-ol)
(39)
¢ The title compound was synthesized from 111 (40 mg, 74 umol)
according to general procedure B (reaction time: 1 h). The crude
reaction mixture was concentrated directly and purified by silica

J/;T\N gel column chromatography (4 — 10% MeOH (containing 10% sat.

HN NH4OH (aq.))/DCM) to afford the product (30 mg, 66 pmol, 89%).

Ho 0 N "H NMR (400 MHz, DMSO) & 9.79 (s, 1H), 8.48 (s, TH), 8.36 (d, J =
Ho\/\o N/) 0.7 Hz, 1H), 7.82 (s, 1H), 7.79 (d, J = 0.7 Hz, 1H), 7.43 - 7.39 (m, 2H),

7.30-7.25(m, 2H), 7.18 (s, TH), 5.36 (s, 2H), 5.01 (brs, 2H), 4.17 (q,
J = 5.3 Hz, 4H), 3.84 (t, J = 5.2 Hz, 2H), 3.80 (t, J = 4.8 Hz, 2H). *C NMR (101 MHz, DMSO) & 155.18,
153.65, 153.07, 148.25, 145.70, 136.89, 132.28, 131.81, 129.45, 128.55, 122.62, 121.98, 108.56, 107.79,
103.09, 70.77, 70.41, 59.38, 59.29, 54.24. LCMS (Finnigan, 10 — 90%): t. = 5.10 min, m/z: 456.2. HRMS
[C22H22CINsO4 + H]™: 456.14331 calculated, 456.1434 found.
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2,2'-((4-((1-(4-Methylbenzyl)-1H-pyrazol-4-yl)amino)quinazoline-6,7-diyl)bis(oxy))bis(ethan-1-ol)
(40)
The title compound was synthesized from 112 (36 mg, 69 pmol)
according to general procedure B (reaction time: 1 h). The crude

N reaction mixture was concentrated directly and purified by silica gel

J/;/\N column chromatography (4 — 10% MeOH (containing 10% sat.

HN NH4OH (aq.))/DCM) to afford the product (26.5 mg, 60.9 umol,

Ho O SN 88%). 'H NMR (400 MHz, DMSO) & 9.72 (s, 1H), 8.47 (s, TH), 8.28 (d,
Ho\/\o N/) J=0.8Hz 1H), 7.79 (s, 1H), 7.76 (d, J = 0.7 Hz, 1H), 7.23 = 7.07 (m,

5H), 5.29 (s, 2H), 5.06 — 4.89 (br m, 2H), 4.19 — 4.14 (m, 4H), 3.84 (t,
J=5.0 Hz, 2H), 3.80 (t, J = 4.8 Hz, 2H), 2.27 (s, 3H). *C NMR (101 MHz, DMSO) & 155.17, 153.60, 153.19,
148.21, 145.93, 136.88, 134.77, 131.45, 129.11, 127.66, 122.55, 121.69, 108.58, 107.95, 103.04, 70.76,
70.39, 59.40, 59.30, 54.91, 20.74. LCMS (Finnigan, 10 = 90%): t, = 4.97 min, m/z: 436.3. HRMS [C33H25N504
+ H]™: 436.19793 calculated, 436.1983 found.

2,2'-((4-((1-(4-Methoxybenzyl)-1H-pyrazol-4-yl)amino)quinazoline-6,7-diyl) bis(oxy))bis(ethan-1-ol)
(41
The title compound was synthesized from 113 (41 mg, 77 ymol)
according to general procedure B (reaction time: 1 h). The crude
Q reaction mixture was concentrated directly and purified by silica
gel column chromatography (5 - 10% MeOH (containing 10%
sat. NH4OH (aq.))/DCM) to afford the product (30 mg, 66 pmol,
Ho >C SN 87%). 'H NMR (400 MHz, DMSO) & 9.71 (s, 1H), 8.47 (s, 1H), 8.27
(d,J=0.7 Hz, 1H), 7.79 (s, TH), 7.75 (d, J = 0.7 Hz, 1H), 7.27 - 7.22
(m, 2H), 7.17 (s, TH), 6.93 — 6.88 (m, 2H), 5.26 (s, 2H), 5.11 — 4.88
(br m, 2H), 4.19 — 4.14 (m, 4H), 3.84 (t, J = 5.1 Hz, 2H), 3.80 (t, J = 4.8 Hz, 2H), 3.72 (s, 3H). *C NMR (101
MHz, DMSO) & 158.85, 155.18, 153.60, 153.20, 148.21, 145.95, 131.40, 129.67, 129.21, 122.53, 121.51,
113.95, 108.59, 107.97, 103.04, 70.76, 70.39, 59.40, 59.30, 55.14, 54.64. LCMS (Finnigan, 10 — 90%): t. =
4.70 min, m/z: 452.3. HRMS [C,3H25NsO5 + H]*: 452.19285 calculated, 452.1931 found.

HO—~o N/)

N-(1H-Indazol-6-yl)-6,7-dimethoxyquinazolin-4-amine (42)

The title compound was synthesized from 1H-indazol-6-amine according to
/©[\\,N general procedure D (reaction time: 16 h). The crude was purified by
HN N automated column chromatography (10 — 40% EtOAc/pentane) to afford the
0 N product (52.9 mg, 165 umol, 74%). 'H NMR (400 MHz, DMSO) & 13.02 (br s,
~o N/) 1H), 9.59 (s, 1H), 8.54 (s, TH), 8.35 - 8.33 (m, TH), 8.02 (d, J = 1.0 Hz, 1H), 7.90
(s, TH), 7.73 (dd, J = 8.6, 0.7 Hz, 1H), 7.48 (dd, J = 8.7, 1.8 Hz, 1H), 7.20 (s, TH),
3.98 (s, 3H), 3.93 (s, 3H). *C NMR (101 MHz, DMSO) & 156.47, 154.28, 152.88, 148.98, 147.01, 140.53,
137.85, 133.36, 120.12, 119.31, 117.07, 109.13, 107.25, 101.99, 101.97, 56.30, 55.83. LCMS (Fleet, 10 —

90%): t, = 3.54 min, m/z: 322.3. HRMS [C47H15N50; + H]™: 322.12985 calculated, 322.12969 found.

N-(1H-Indazol-5-yl)-6,7-dimethoxyquinazolin-4-amine (43)
The title compound was synthesized from 1H-indazol-5-amine according to

H
mhl general procedure D (reaction time: 16 h). The crude was purified by
HN 7 automated column chromatography (1 — 20% EtOAc/pentane). The residue

o SN was suspended in a mixture of MeOH (1 mL) and DCM (2 mL) after which the
J mixture was warmed to ~50°C and subsequently cooled down. The suspension
"o N was filtered and the solids were collected to afford the product (38.6 mg, 120

umol, 54%). "TH NMR (400 MHz, DMSO) & 13.08 (s, 1H), 9.56 (s, 1H), 8.42 (s, 1H), 8.14 (d, J = 1.8 Hz, TH),
8.09 (t,/ = 1.2 Hz, TH), 7.87 (s, 1H), 7.64 (dd, J = 8.9, 1.9 Hz, 1H), 7.58 (d, / = 8.8 Hz, 1H), 7.17 (s, 1H), 3.96
(s, 3H), 3.93 (s, 3H). >*C NMR (101 MHz, DMSO) & 156.98, 154.13, 153.18, 148.82, 146.83, 137.40, 133.48,
132.21, 124.03, 122.92, 113.86, 109.87, 108.84, 107.20, 102.00, 56.22, 55.79. LCMS (Fleet, 10 —» 90%): t, =
3.39 min, m/z: 322.3. HRMS [C47H15Ns0, + H]*: 322.12985 calculated, 322.12974 found.
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N-(1H-Benzo[d]imidazol-5-yl)-6,7-dimethoxyquinazolin-4-amine (44)
The title compound was synthesized from 1H-benzo[d]imidazol-5-amine
according to general procedure D (reaction time: 16 h). The crude was purified

HN N by automated column chromatography (25 — 55% EtOAc/DCM) to afford the

_0 SN product (34.6 mg, 108 umol, 48%). '"H NMR (500 MHz, DMSO) & 12.47 (br s,
- /) TH), 9.55 (s, 1H), 8.44 (s, TH), 8.22 (s, 1H), 8.14 (br s, 1H), 7.89 (s, TH), 7.62 (br s,
O N 1H), 7.50 (d, J = 8.6 Hz, TH), 7.18 (s, 1H), 3.96 (s, 3H), 3.93 (s, 3H). *C NMR (126

MHz, DMSO) 6 156.77, 154.12, 153.11, 148.82, 146.85, 142.19 (br), 139.69 (br), 134.24 (br), 133.38 (br),
119.20 (br), 118.50 (br), 117.78 (br), 113.82 (br), 111.10 (br), 108.91, 107.21, 105.79 (br), 102.04, 56.23,
55.79. LCMS (Fleet, 0 = 50%): t, = 4.68 min, m/z: 322.3. HRMS [C;47H15sNsO, + H]*: 322.12985 calculated,
322.12980 found.

N-(2-Chloropyrimidin-4-yl)-6,7-dimethoxyquinazolin-4-amine (45)
N A microwave tube was charged with 4-chloro-6,7-dimethoxyquinazoline (100
/CJ\ mg, 0.445 mmol), Cs2COs (435 mg, 1.34 mmol), xantphos (38.6 mg, 66.7 pmol),
HN™ "N™ “Cl 2-chloropyrimidin-4-amine (69.2 mg, 0.534 mmol) and DMF (2 mL). N2 was
0 SN bubbled through the mixture for 30 sec after which Pd(OAc)z (10 mg, 45 pmol)
N/) was added. N2 was bubbled through the mixture for 10 sec after which the vial
was sealed and the mixture was stirred at 90°C for 16 h. The mixture was diluted
in EtOAc (20 mL) and filtered over Celite. The filtrate was diluted in EtOAc (20 mL) and poured into H.O
(40 mL) and brine (1 mL). The organic layer was separated, washed with brine (40 mL) and isolated. The
water layer was extracted with EtOAc (15 mL) and the combined organic layers were concentrated as
such. The crude was purified by automated column chromatography (30 — 50% EtOAc/DCM) to afford
the product (95.4 mg, 300 umol, 67%). '"H NMR (500 MHz, DMSO) & 11.03 (s, 1H), 8.72 (s, 1H), 8.56 (d, J
=59 Hz, TH), 8.51 (d, J = 5.9 Hz, TH), 8.02 (s, 1H), 7.28 (s, TH), 3.97 (s, 3H), 3.95 (s, 3H). 3C NMR (126
MHz, DMSO) 6 160.82, 159.97, 159.00, 155.14, 154.93, 151.82, 149.58, 148.06, 110.02, 109.29, 106.97,
102.10, 56.33, 56.01. LCMS (Finnigan, 10 —» 90%): t, = 5.53 min, m/z: 318.1. HRMS [C44H1,CINsO, + H]™:

318.07523 calculated, 318.07521 found.

~o

N-(2-(1H-Pyrazol-1-yl)pyrimidin-4-yl)-6,7-dimethoxyquinazolin-4-amine (46)
To an oven dried flask was added NaH (60% in mineral oil, 32.7 mg, 818

fj‘\ pmol) and dioxane (2 mL). 1H-pyrazole (68.5 mg, 1.01 mmol) was carefully

HN™ °N ".‘§ added after which the mixture was stirred for 1 h. Of this mixture, 0.5 mL was

0 SN N=/" added to a microwave tube charged with 45 (30 mg, 94 umol). The vial was
~o N/) sealed, heated to 90°C and stirred for 72 h. The mixture was poured into H.0

(10 mL) and the product extracted with EtOAc (2x10 mL) and then with 10%
MeOH/EtOAc (4x10 mL). The combined organic layers were concentrated as such. The crude was loaded
onto Celite and purified by automated column chromatography (0 — 3% MeOH/EtOAc) to afford the
product (23.1 mg, 66.1 umol, 70%). "H NMR (400 MHz, DMSO) & 10.86 (br s, TH), 8.71 (s, 1H), 8.67 (dd, J
= 2.6, 0.6 Hz, TH), 8.64 (d, J = 5.8 Hz, 1H), 8.32 (d, J = 5.3 Hz, 1H), 8.01 (s, 1H), 7.85 (dd, J = 1.5, 0.6 Hz,
1H), 7.26 (s, 1H), 6.59 (dd, J = 2.6, 1.6 Hz, TH), 3.98 (s, 3H), 3.95 (s, 3H). *C NMR (101 MHz, DMSO) &
160.54 (br), 158.77, 155.28, 155.12, 155.08, 151.87 (br), 149.41, 148.01, 142.74, 129.40, 110.22, 108.49,
108.41, 106.95, 102.40, 56.29, 55.99. LCMS (Finnigan, 10 —» 90%): t. = 3.82 min, m/z: 350.3. HRMS
[C47H15sN7O + H]": 350.13600 calculated, 350.13593 found.

N-(2-(1H-Pyrrol-1-yl)pyrimidin-4-yl)-6,7-dimethoxyquinazolin-4-amine (47)
To an oven dried flask was added NaH (60% in mineral oil, 64.9 mg, 1.62

fj‘\ mmol) and dioxane (0.5 mL). 1H-pyrrole (250 pL, 3.60 mmol) was carefully

HN™ °N N@ added after which the mixture was stirred at 50°C for 1 h. Of this mixture, 0.5

0 SN =/ mL was added to a microwave tube charged with 45 (74.8 mg, 235 pmol).
o N/) The vial was sealed, heated to 100°C and stirred for 16 h. The mixture was

poured into H20 (20 mL) and the product extracted with EtOAc (3x20 mL).
The combined organic layers were concentrated as such. The crude was loaded onto Celite and purified
by silica gel column chromatography (10 - 100% EtOAc/DCM) to afford the product (31.3 mg, 89.8 umol,
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38%). 'H NMR (500 MHz, DMSO) & 10.54 (br s, 1H), 8.71 (s, 1H), 8.58 (d, J = 5.8 Hz, 1H), 8.22 (d, J = 5.9
Hz, 1H), 7.96 (s, 1H), 7.80 (t, J = 2.4 Hz, 2H), 7.27 (s, TH), 6.34 — 6.30 (m, 2H), 3.99 (s, 3H), 3.95 (s, 3H). 3C
NMR (126 MHz, DMSO) 6 160.08, 158.80, 155.25, 155.10, 155.05, 151.98, 149.45, 148.02, 118.70, 111.55,
110.09, 107.27, 107.01, 102.28, 56.36, 56.00. LCMS (Fleet, 10 - 90%): t. = 4.83 min, m/z: 349.3. HRMS
[C1gH16N6O2 + H]™: 349.14075 calculated, 349.14069 found.

N-(2-(1H-Pyrazol-1-yl)pyrimidin-4-yl)-6,7-bis(2-methoxyethoxy)quinazolin-4-amine (48)
114 (100 mg, 246 ymol), 1H-pyrazole (17.6 mg, 259 pmol) and K2COs

fj\‘\ (68.1 mg, 493 pmol) were mixed dioxane (1 mL) after which the

HNT SN r\.l} mixture was heated to 95°C and stirred for 140 h. The mixture poured

\O/\/O SN N=/"into H20 (20 mL) and the product extracted with EtOAc (3x20 mL).
O~ N/) The combined organic layers were dried over Na,SOy, filtered and

concentrated. The crude was loaded onto Celite and purified by
automated column chromatography (2 — 10% MeOH/DCM). The residue was dissolved in DCM (0.5 mL),
heated to 40°C for 10 min and subsequently cooled to 0°C. Heptane (0.5 mL) was added and the mixture
was stirred for 20 min at 0°C. The solids were collected by filtration and washed with ice cold DCM (0.1
mL) to afford the product (20 mg, 46 umol, 19%). '"H NMR (400 MHz, DMSO) & 10.83 (s, TH), 8.72 (s, 1H),
8.68 (dd, J = 2.7, 0.8 Hz, 1H), 8.66 (d, J = 5.9 Hz, 1H), 8.36 (d, J = 5.8 Hz, 1H), 8.05 (s, TH), 7.86 (dd, J = 1.6,
0.7 Hz, 1H), 7.31 (s, 1H), 6.60 (dd, J = 2.6, 1.6 Hz, 1H), 4.37 — 4.28 (m, 4H), 3.81 — 3.73 (m, 4H), 3.37 (s, 3H),
3.35 (s, 3H). ®C NMR (101 MHz, DMSO) & 160.44, 158.85, 155.34, 155.14, 154.38, 152.02, 148.66, 147.97,
142.77, 129.42, 110.13, 108.49, 108.45, 107.90, 103.33, 70.04, 70.02, 68.39, 68.24, 58.41, 58.38. LCMS
(Fleet, 10 » 90%): t, = 4.03 min, m/z: 438.3. HRMS [C31H,3N;0, + H]™: 438.18843 calculated, 438.18818
found.

N-(3-(1H-Pyrazol-1-yl)phenyl)-6,7-bis(2-methoxyethoxy)quinazolin-4-amine (49)
The title compound was synthesized from 4-chloro-6,7-bis(2-
@\ methoxyethoxy)quinazoline (45.2 mg, 144 pmol) and 116 (23.0 mg,
HN N
|

} 144 umol) according to general procedure A (reaction time: 2 h). The
~o O N N=/" crude was purified by automated column chromatography (2 - 10%
O~ N/) MeOH/DCM) to afford the product (28 mg, 64 umol, 45%). 'H NMR

(400 MHz, DMSQO) & 9.62 (s, 1H), 8.51 (s, TH), 8.50 (dd, J = 2.6, 0.6 Hz,
1H), 8.34 (t, J = 2.1 Hz, 1H), 7.92 (s, 1H), 7.87 (ddd, J = 7.9, 2.2, 1.2 Hz, 1H), 7.77 (dd, J = 1.8, 0.5 Hz, 1H),
7.55 (ddd, J = 8.1, 2.1, 1.1 Hz, 1H), 7.49 (t, / = 8.0 Hz, 1H), 7.23 (s, 1H), 6.56 (dd, J = 2.5, 1.7 Hz, 1H), 4.33
—4.26 (m, 4H), 3.81 — 3.77 (m, 2H), 3.77 — 3.73 (m, 2H), 3.37 (s, 3H), 3.35 (s, 3H). *C NMR (101 MHz,
DMSO) & 156.28, 153.67, 152.85, 148.16, 147.01, 140.92, 140.71, 139.93, 129.45, 127.79, 119.69, 112.95,
112.22, 109.00, 108.18, 107.90, 103.17, 70.15, 70.08, 68.40, 68.07, 58.43, 58.38. LCMS (Fleet, 10 — 90%): t.
= 4.34 min, m/z: 436.3. HRMS [C3H25N504 + H]": 436.19793 calculated, 436.19760 found.

2-((4-Chloro-7-(2-methoxyethoxy)quinazolin-6-yl)oxy)ethyl acetate (50)
Cl  The title compound was synthesized as described in Chapter 2 (compound 43)
Aco” >0 | SN
/o\/\o N/)

2-((4-((3-Ethynylphenyl)amino)-7-(2-methoxyethoxy)quinazolin-6-yl)oxy)ethyl acetate (51)

The title compound was synthesized as described in Chapter 2
/©\ (compound 44)
HN T

Aco” >0 | SN
/o\/\o N/)
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2-((7-(2-Methoxyethoxy)-4-(phenylamino)quinazolin-6-yl)oxy)ethyl acetate (52)
The title compound was synthesized from 50 (31.3 mg, 91.9 pmol) and
/@ aniline (9.3 pL, 102 pymol) according to general procedure A (reaction time:
HN 1.25 h). The crude was purified by automated column chromatography (1 -
Aco” 0 N 10% MeOH/DCM) to afford the product (36.1 mg, 90.8 umol, 99%). 'H NMR
(400 MHz, MeOD) 6 8.32 (s, 1H), 7.70 (d, J = 7.6 Hz, 2H), 7.64 (s, 1TH), 7.37 (t,
J=79Hz 2H), 7.15 (t, J = 7.4 Hz, 1H), 7.05 (s, TH), 4.52 — 4.45 (m, 2H), 4.37
—4.29 (m, 2H), 4.26 — 4.19 (m, 2H), 3.85 — 3.77 (m, 2H), 3.45 (s, 3H), 2.07 (s, 3H). >*C NMR (101 MHz,
MeOD) 6 172.67, 158.50, 155.84, 154.01, 149.92, 147.40, 140.20, 129.76, 125.47, 124.10, 110.41, 108.21,

104.43, 71.71, 69.68, 68.50, 63.80, 59.49, 20.77.

/o\/\o N/)

2-((7-(2-Methoxyethoxy)-4-(naphthalen-2-ylamino)quinazolin-6-yl)oxy)ethyl acetate (53)
The title compound was synthesized from 50 (29.4 mg, 86.3 umol) and
naphthalen-2-amine (14.5 mg, 101 pmol) according to general
HN procedure A (reaction time: 1.5 h). The crude was purified by
Aco” 0 SN automated column chromatography (1 — 10% MeOH/DCM) to afford
O~ N/) the product (36.7 mg, 82.0 pmol, 95%). '"H NMR (400 MHz, MeOD) &
8.39 (s, TH), 8.14 (s, TH), 7.75 - 7.63 (m, 5H), 7.43 — 7.34 (m, 2H), 6.88 (s,
1H), 4.50 — 4.45 (m, 2H), 4.36 = 4.31 (m, 2H), 4.16 — 4.11 (m, 2H), 3.77 — 3.72 (m, 3H), 3.43 (s, 3H), 2.08 (s,

3H). LCMS (Finnigan, 0 = 50%): t. = 8.80 min, m/z: 448.2.

((4-(Ethoxycarbonyl)-1,2-phenylene)bis(oxy))bis(ethane-2,1-diyl) diacetate (54)
o Ethyl 3,4-dihydroxybenzoate (7.00 g, 38.4 mmol) and K.COs (21.24 g, 10.98
Aco/\/o : Il ot mmol) were mixed in dry DMF (35 mL). 2-bromoethyl acetate (12.8 mL, 8.23
mmol) was added and the mixture was stirred at 100°C for 2 h. The mixture
was poured into H>0 (150 mL) and the product extracted with EtOAc (3x150
mL). The combined organic layers were washed with brine (100 mL), dried with over NazSOq, filtered and
concentrated. The crude was purified by silica gel column chromatography (25 — 40% Et.O/pentane) to
afford the product (8.40 g, 23.7 mmol, 62%). '"H NMR (400 MHz, CDCl3) § 7.63 (dd, J = 8.4, 2.0 Hz, 1H),
7.54 (d, J = 2.0 Hz, 1H), 6.86 (d, J = 8.5 Hz, 1H), 4.43 — 4.35 (m, 4H), 4.28 (g, / = 7.1 Hz, 2H), 4.24 - 4.18
(m, 4H), 2.04 (s, 3H), 2.03 (s, 3H), 1.32 (t, J = 7.1 Hz, 3H). *C NMR (101 MHz, CDCl5) & 170.89, 170.86,
166.04, 152.60, 148.02, 124.32, 123.85, 115.83, 113.21, 67.55, 67.07, 62.80, 62.56, 60.86, 20.81, 20.79,
14.34. LCMS (Finnigan, 10 - 50%): t. = 10.09 min, m/z: 355.0.

Ethyl 3,4-dimethoxybenzoate (55)
o Ethyl 3,4-dihydroxybenzoate (2.00 g, 11.0 mmol) and K2COs (6.00 g, 43.9 mmol) were
[o) mixed in DMF (10.9 mL). lodomethane (4.8 mL, 77 mmol) was added and the mixture
j@k t stirred at 100°C for 1.25 h. The mixture was poured into H20 (50 mL) and the product
extracted with DCM (3x100 mL). The combined organic layers were washed with brine
(100 mL), dried over NazSOs,, filtered and concentrated. The crude was purified by silica gel column
chromatography (5 - 20% MeOH/DCM) to afford the product (2.24 g, 10.7 mmol, 97%). '"H NMR (400
MHz, CDCls) 6 7.46 (dd, J = 8.4, 2.0 Hz, 1H), 7.34 (d, J = 2.0 Hz, 1H), 6.66 (d, J = 8.5 Hz, 1H), 4.15 (q, J =
7.1 Hz, 2H), 3.72 (s, 3H), 3.70 (s, 3H), 1.18 (t, J = 7.2 Hz, 3H). *C NMR (101 MHz, CDCl3) & 165.83, 152.47,
148.16, 123.05, 122.56, 111.46, 109.80, 60.31, 55.47, 55.46, 13.99. LCMS (Finnigan, 10 - 90%): t, = 6.46

min, m/z: 211.0.

((4-(Ethoxycarbonyl)-5-nitro-1,2-phenylene)bis(oxy))bis(ethane-2,1-diyl) diacetate (56)

o 54 (8.40 g, 23.7 mmol) was dissolved in acetic anhydride (65 mL) and cooled
Aco” 0 oet downto 0°C. Copper(ll) nitrate trihydrate (14.5 g, 60.0 mmol) was added and
ACO._~, NO, the mixture was stirred at 0°C for 1 h. The mixture was then allowed to warm

to RT after which a mild exothermic reaction (NO2 escapes) was observed.
After TLC analysis showed completion of the reaction, the mixture was diluted with water (30 mL) and
the product extracted with DCM (3x150 mL). The combined organic layers were washed with 1 M
NaHCOs (400 mL, until pH 7) and brine (100 mL), and subsequently dried over NazSO;, filtered and
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concentrated. The crude was purified by silica gel column chromatography (40 — 60% Et.O/pentane) to
afford the product (5.80 g, 14.5 mmol, 62%). 'H NMR (400 MHz, CDClz) & 7.47 (s, 1H), 7.10 (s, TH), 4.47 —
441 (m, 4H), 437 — 4.25 (m, 6H), 2.07 (s, 3H), 2.07 (s, 3H), 1.31 (t, J = 7.1 Hz, 3H). *C NMR (101 MHz,
CDCl3) 6 170.82, 165.52, 151.97, 149.74, 141.56, 122.46, 113.32, 109.61, 67.82, 67.69, 62.54, 62.33, 62.30,
20.84, 13.82. Regioselectivity was confirmed by "H-"H-NOESY NMR analysis. LCMS (Finnigan, 10 - 90%):
t. = 7.09 min, m/z: not observed.

Ethyl 4,5-dimethoxy-2-nitrobenzoate (57)
o 55 (1.00 g, 4.76 mmol) was dissolved in acetic anhydride (12.5 mL) and cooled down

0 OFt to 0°C. Copper(ll) nitrate trihydrate (2.91 g, 12.0 mmol) was added and the mixture
- was stirred at 0°C for 2 h after which TLC analysis showed completion of the reaction.
o NO2  The mixture was poured into 1 M NaHCOs (ag.) (20 mL) and the product extracted

with DCM (3x25mL). The combined organic layers were washed with brine (50 mL), dried over Na2SOs,
filtered and concentrated at 80°C. The residue was coevaporated with toluene several times to remove
the remaining acetic anhydride. The crude was purified by silica gel column chromatography (10 — 30%
EtOAc/pentane) to afford the product (862 mg, 3.38 mmol, 71%). '"H NMR (400 MHz, CDCls) & 7.30 (s,
1H), 6.93 (s, TH), 4.21 (q, J = 7.2 Hz, 2H), 3.83 (s, 3H), 3.83 (s, 3H), 1.20 (t, J = 7.2 Hz, 3H). *C NMR (101
MHz, CDCl3) & 165.43, 152.20, 150.04, 140.86, 121.56, 110.45, 106.64, 62.08, 56.33, 56.27, 13.48.
Regioselectivity was confirmed by "H-'H-NOESY NMR analysis after subsequent step (compound 59).
LCMS (Finnigan, 10 - 90%): t. = 6.83 min, m/z: no mass observed.

((4-Amino-5-(ethoxycarbonyl)-1,2-phenylene)bis(oxy))bis(ethane-2,1-diyl) diacetate (58)
o 56 (5.80 g, 14.5 mmol) was dissolved in degassed MeOH (45 mL). 5% Pt/C
Aco” 0 oet (0.58 g) was added and the atmosphere was exchanged for Hz. The mixture
ACO._~ g, Was vigorously stirred for 2.75 h while bubbling Hz through the mixture. The
2 atmosphere was exchanged for N, the mixture was filtered over Celite and
concentrated to afford the product (5.10 g, 13.8 mmol, 95%). '"H NMR (400 MHz, MeOD) & 7.37 (s, TH),
6.30 (s, TH), 4.84 (br s, 2H), 4.42 — 437 (m, 2H), 4.33 - 4.29 (m, 2H), 4.25 (q, J = 7.1 Hz, 2H), 417 - 4.13
(m, 2H), 4.09 — 4.04 (m, 2H), 2.05 (app. s, 6H), 1.33 (t, J = 7.1 Hz, 3H). ®*C NMR (101 MHz, MeOD) § 172.67,
172.57, 168.84, 156.66, 150.42, 139.85, 120.45, 103.44, 101.57, 70.54, 67.63, 64.49, 63.73, 61.05, 20.80,
20.75, 14.76. LCMS (Finnigan, 10 - 90%): t. = 6.25 min, m/z: 370.0.

Ethyl 2-amino-4,5-dimethoxybenzoate (59)
0 57 (1.84 g, 7.21 mmol) was dissolved in degassed MeOH (20 mL). 5% Pt/C (288 mg)

0 was added and the atmosphere was exchanged for Ha. The mixture was vigorously
- stirred for 45 min while bubbling Hz2 through the mixture. The atmosphere was
o NH; exchanged for Nz, after which the mixture was filtered over Celite and concentrated.

The crude was purified by automated column chromatography (40 — 60% Et.O/pentane) to afford the
product (1.11 g, 4.94 mmol, 69%). "H NMR (400 MHz, CDCls) & 7.26 (s, TH), 6.09 (s, 1H), 5.58 (s, 2H), 4.26
(q,J = 7.1 Hz, 2H), 3.78 (s, 3H), 3.78 (s, 3H), 1.33 (t, J = 7.2 Hz, 3H). '*C NMR (101 MHz, CDCls) & 167.75,
154.69, 147.15, 140.40, 112.68, 102.18, 99.29, 60.03, 56.38, 55.66, 14.45. LCMS (Finnigan, 10 - 90%): t. =
5.04 min, m/z: 225.9.

((4-Oxo-3,4-dihydroquinazoline-6,7-diyl)bis(oxy))bis(ethane-2,1-diyl) diacetate (60)

o 58 (5.09 g, 13.8 mmol) was dissolved in formamide (7.3 mL) and ammonium

Aco/\/o formate (0.902 g, 14.3 mmol) was added. The mixture was stirred at 160°C for

AcO | _J 5.5 hand subsequently poured into H20 (100 mL). The product was extracted
\/\O N

with DCM (3x150 mL) and the combined organic layers were washed with brine
(100 mL), dried over NazSOs,, filtered and concentrated. The crude was purified by silica gel column
chromatography (1 - 3% MeOH/DCM) to afford the product (1.30 g, 3.71 mmol, 27%), which was slightly
contaminated with side-product in which one of the acetyl groups had been substituted by a formyl
group. "H NMR (400 MHz, MeOD) & 7.95 (s, 1H), 7.60 (s, TH), 7.12 (s, TH), 4.52 — 4.45 (m, 4H), 4.37 — 4.29
(m, 4H), 2.08 (app. s, 6H). >C NMR (101 MHz, MeOD) & 172.22, 172.17, 162.07, 155.44, 149.27, 145.68,
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144.36, 116.86, 109.61, 108.48, 67.97, 67.74, 63.34, 63.12, 20.95, 20.93. LCMS (Finnigan, 10 = 90%): t. =
4.22 min, m/z: 351.1.

6,7-Dimethoxyquinazolin-4(3H)-one (61)

o 59 (1.01 g, 4.51 mmol) and ammonium formate (284 mg, 4.51 mmol) were mixed in

_O NH formamide (2.4 mL) after which the mixture was heated to 160°C, stirred for 5.5 h and

- ) continued to stir at 120°C for 16 h. The mixture was poured into H20 (50 mL) which
(o) N

was extracted DCM (4x50 mL). The water layer was concentrated and the residue
suspended in MeOH (10 mL). The suspension was heated to about 60°C and immediately filtered as such
to afford the product (360 mg, 1.75 mmol, 39%). '"H NMR (400 MHz, DMSO) & 12.03 (br s, TH), 7.99 (s,
1H), 7.44 (s, TH), 7.13 (s, TH), 3.90 (s, 3H), 3.86 (s, 3H). *C NMR (101 MHz, DMSO) & 160.12, 154.48,
148.57,144.91, 143.91, 115.62, 108.04, 104.91, 55.97, 55.72. LCMS (Finnigan, 0 = 50%): t, = 5.33 min, m/z:
207.2.

((4-Chloroquinazoline-6,7-diyl)bis(oxy))bis(ethane-2,1-diyl) diacetate (62)
Cl 60 (500 mg, 1.43 mmol) was mixed in POClz (2.8 ml, 30 mmol). The mixture was
Aco” 0 Xy stirred at 105°C for 2 h and subsequently concentrated. The residue was
/) dissolved in DCM (100 mL) and poured into H20 (100 mL). The organic layer
was separated and the water layer washed with DCM (3x100 mL). The combined
organic layers were washed with brine (100 mL), dried over Na2SOs, filtered and concentrated. The crude
was purified by silica gel column chromatography (0 — 3 % MeOH/DCM) to afford the product (440 mg,
1.19 mmol, 84%). '"H NMR (400 MHz, CDCl3) & 8.84 (s, TH), 7.40 (s, TH), 7.30 (s, TH), 4.56 — 4.51 (m, 4H),
4.39-4.35 (m, 4H), 2.11 (s, 3H), 2.10 (s, 3H). ®*C NMR (101 MHz, CDCl3) & 170.97, 170.90, 159.28, 155.96,
152.75, 150.58, 149.02, 119.62, 108.40, 104.64, 67.37, 67.22, 62.35, 62.07, 20.96, 20.93. LCMS (Finnigan,
10 - 90%): t, = 5.98 min, m/z: 369.0.

ACO\/\O

4-Chloro-6,7-dimethoxyquinazoline (63)
ci 61 (285 mg, 1.38 mmol) was mixed in POCls (2.7 mL) and the mixture was stirred at
/o:©\)§ 105°C for 1.5 h. Subsequently, the mixture was concentrated, diluted in DCM (100 mL)
and carefully poured into H20 (100 mL). The organic layer was separated and the water
o N™  Jayer extracted with DCM (3x100 mL). The combined organic layers were washed with
brine (200 mL), dried over Na2SOy, filtered and concentrated. The crude was purified by silica gel column
chromatography (1 - 3% MeOH/DCM) to afford the product (42.5 mg, 189 pmol, 14%). 'H NMR (300
MHz, DMSO) & 8.84 (s, 1H), 7.35 (s, 1H), 7.30 (s, 1H), 4.05 (app. s, 6H). *C NMR (75 MHz, CDCls) § 159.12,
156.82, 152.59, 151.50, 149.14, 119.62, 106.98, 102.72, 56.73, 56.54. LCMS (Finnigan, 10 - 90%): t, = 5.46

min, m/z: 225.2.

~,

((4-((3-Ethynylphenyl)amino)quinazoline-6,7-diyl)bis(oxy))bis(ethane-2,1-diyl) diacetate (64)
The title compound was synthesized from 62 (39.6 mg, 107 pmol) and
/©\ 3-ethynylaniline (13.4 pL, 119 pmol) according to general procedure A
HN X (reaction time: 1.5 h). The crude was purified by silica gel column
Aco” 0 N chromatography (8% MeOH/DCM) to afford the product (39 mg, 87
‘ P pmol, 81%). '™H NMR (400 MHz, CDCl3) & 8.68 (s, TH), 7.98 (t, J = 1.9 Hz,
N 1H), 7.87 (ddd, J = 8.2, 2.3, 1.1 Hz, TH), 7.73 (s, 1H), 7.55 (s, TH), 7.35 (t,
J=79Hz 1H), 7.26 (dt, J = 7.7, 1.3 Hz, TH), 7.23 (s, TH), 4.54 — 4.48 (m, 4H), 4.37 — 4.29 (m, 4H), 3.09 (s,
1H), 2.16 (s, 3H), 2.11 (s, 3H). *C NMR (101 MHz, CDCls) § 171.88, 171.01, 156.41, 154.06, 153.99, 148.16,
147.66, 139.13, 129.14, 127.68, 124.73, 121.86, 109.51, 109.36, 102.88, 83.57, 77.48, 66.95, 66.66, 62.33,

61.41, 21.14, 21.02. LCMS (Finnigan, 10 - 90%): t, = 5.62 min, m/z: 450.1.

ACO\/\O
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((4-((3-Chlorophenyl)amino)quinazoline-6,7-diyl)bis(oxy))bis(ethane-2,1-diyl) diacetate (65)
The title compound was synthesized from 62 (40.0 mg, 108 pmol) and
3-chloroaniline (12.7 pL, 120 pmol) according to general procedure A

HN cl (reaction time: 1 h). The crude was purified by silica gel column
Aco” >0 | SN chromatography (1 - 10% MeOH/DCM) to afford the product (39 mg,
AcO_~, N/) 85 umol, 78%). '"H NMR (400 MHz, CDCls) & 8.69 (s, TH), 8.02 (t, J = 2.0

Hz, 1H), 7.77 (br s, 1H), 7.75 (ddd, J = 8.3, 2.2, 1.0 Hz, 1H), 7.61 (s, 1H),
732 (t,J=8.1Hz 1H), 7.25 (s, TH), 7.11 (ddd, J = 8.0, 2.1, 0.9 Hz, 1H), 4.55 - 4.51 (m, 4H), 442 — 4.31 (m,
4H), 2.19 (s, 3H), 2.12 (s, 3H). *C NMR (126 MHz, CDCl3) & 171.85, 171.00, 156.41, 154.06, 153.71, 148.23,
147.22, 140.28, 134.56, 129.99, 123.89, 121.38, 119.31, 109.49, 108.91, 103.02, 66.92, 66.67, 62.26, 61.46,
21.09, 20.96. LCMS (Finnigan, 10 = 90%): t. = 5.68 min, m/z: 460.1.

((4-((3-Ethylphenyl)amino)quinazoline-6,7-diyl)bis(oxy))bis(ethane-2,1-diyl) diacetate (66)
The title compound was synthesized from 62 (30.0 mg, 81.3 pmol) and
/@\/ 3-ethylaniline (11.1 pL, 89.5 pmol) according to general procedure A
HN (reaction time 1.5 h). The crude was purified by silica gel column
Aco” 0 SN chromatography (0 - 2% MeOH/DCM) to afford the product (28 mg,
ACO_~q N/) 62 pumol, 76%). "H NMR (400 MHz, CDCls) & 8.66 (s, 1H), 7.78 (s, TH),
7.63 (dd, J = 8.0, 1.3 Hz, TH), 7.54 (t, J = 1.8 Hz, 1H), 7.49 (s, TH), 7.29 (t,
J =78Hz 1H), 7.21 (s, 1H), 6.98 (d, J = 7.6 Hz, 1H), 4.52 — 4.44 (m, 4H), 4.32 - 4.24 (m, 4H), 2.66 (q, J =
7.6 Hz, 2H), 2.12 (s, 3H), 2.09 (s, 3H), 1.24 (t, J = 7.6 Hz, 3H). *C NMR (101 MHz, CDCl3) & 171.58, 170.99,
156.75, 154.27, 153.90, 148.06, 147.58, 145.32, 138.78, 129.03, 123.98, 121.24, 119.23, 109.54, 109.28,
103.29, 66.93, 66.87, 62.32, 61.74, 28.98, 21.05, 20.97, 15.56. LCMS (Finnigan, 10 = 90%): t. = 5.91 min,

m/z: 454.1.

((4-((3-1sopropylphenyl)amino)quinazoline-6,7-diyl)bis(oxy))bis(ethane-2,1-diyl) diacetate (67)
The title compound was synthesized from 62 (30.0 mg, 81.3 ymol) and
3-ethylaniline (12.1 mg, 89.5 pmol) according to general procedure A
HN (reaction time: 1.5 h). The crude was purified by silica gel column
Aco” >0 SN chromatography (0 — 2% MeOH/DCM) to afford the product (28.8 mg,
AcO_~ N/) 61.6 umol, 76%). 'H NMR (400 MHz, CDCls) & 8.66 (s, 1H), 7.72 (ddd, J
= 8.1, 2.3, 1.0 Hz, 1H), 7.67 (s, TH), 7.53 (t, J = 1.7 Hz, 1H), 7.50 (s, TH),
7.32 (t,J = 7.8 Hz, 1H), 7.22 (s, TH), 7.02 (dt, J = 7.6, 1.4 Hz, T1H), 4.55 — 4.45 (m, 4H), 435 — 4.28 (m, 4H),
2.93 (hept, J = 6.9 Hz, TH), 2.14 (s, 3H), 2.10 (s, 3H), 1.27 (d, J = 6.9 Hz, 6H). *C NMR (101 MHz, CDCl3) &
171.65, 171.01, 156.69, 154.32, 153.90, 150.00, 148.05, 147.63, 138.79, 129.06, 122.56, 119.72, 119.32,
109.54, 109.38, 103.21, 66.90, 66.88, 62.35, 61.66, 34.24, 24.09, 21.09, 21.00. LCMS (Finnigan, 10 - 90%):
t, = 6.23 min, m/z: 468.1.

((4-([1,1'-Biphenyl]-3-ylamino)quinazoline-6,7-diyl)bis(oxy))bis(ethane-2,1-diyl) diacetate (68)
The title compound was synthesized from 62 (30.0 mg, 81.3 pmol)
O and [1,1'-biphenyl]-3-amine (15.1 mg, 89.2 umol) according to
HN O general procedure A (reaction time: 1.5 h). The crude was purified by
silica gel column chromatography (0 — 5% MeOH/DCM) to afford
the product (39 mg, 78 umol, 96%). "H NMR (400 MHz, CDCls) & 8.68
(s, TH), 8.01 - 7.91 (m, 2H), 7.87 (d, J = 7.1 Hz, 1H), 7.62 - 7.56 (m,
3H), 7.48 — 7.39 (m, 3H), 7.38 — 7.31 (m, 2H), 7.21 (s, TH), 4.52 — 4.44 (m, 4H), 4.33 — 4.24 (m, 4H), 2.12 (s,
3H), 2.09 (s, 3H). *C NMR (101 MHz, CDCls) & 171.71, 170.99, 156.71, 154.16, 153.92, 148.10, 147.51,
142.11, 140.90, 139.36, 129.50, 128.85, 127.57, 127.22, 122.94, 120.52, 120.40, 109.57, 109.21, 103.11,

66.89, 66.73, 62.30, 61.55, 21.07, 20.97. LCMS (Finnigan, 10 - 90%): t, = 6.38 min, m/z: 502.1.

Aco” >0 SN
AcO
C \/\o N/)
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((4-((3-Methoxyphenyl)amino)quinazoline-6,7-diyl)bis(oxy))bis(ethane-2,1-diyl) diacetate (69)
The title compound was synthesized from 62 (40.0 mg, 108 pmol) and
@\ 3-methoxyaniline (13.4 mg, 108 pmol) according to general procedure
HN o7 A (reaction time: 3 h). The crude was purified by silica gel column
Aco” 0 N chromatography (0 — 2% MeOH/DCM) to afford the product (49.0 mg,
108 pmol, 99%). '"H NMR (400 MHz, CDCls) & 8.67 (s, 1H), 7.99 (br s,
1H), 7.55 (s, TH), 7.54 (t, J = 2.1 Hz, 1H), 7.36 = 7.32 (m, 1H), 7.31 - 7.25
(m, TH), 7.22 (s, 1H), 6.69 (ddd, J = 8.0, 2.5, 1.1 Hz, 1H), 4.54 — 4.44 (m, 4H), 4.33 — 4.26 (m, 4H), 3.83 (s,
3H), 2.14 (s, 3H), 2.11 (s, 3H). ®*C NMR (101 MHz, CDCls) & 171.61, 170.98, 160.21, 156.67, 153.95, 153.94,
148.12, 147.26, 140.08, 129.77, 113.94, 109.62, 109.54, 109.01, 107.72, 103.21, 66.88, 66.83, 62.29, 61.65,

55.40, 21.06, 20.97. LCMS (Finnigan, 10 = 90%): t. = 5.36 min, m/z: 456.1.

ACO\/\O N/)

((4-((3-Phenoxyphenyl)amino)quinazoline-6,7-diyl)bis(oxy))bis(ethane-2,1-diyl) diacetate (70)
The title compound was synthesized from 62 (25 mg, 68 umol)
/@\ /@ and 3-phenoxyaniline (12.6 mg, 68.0 pmol) according to general
procedure A (reaction time 1.5 h). The crude was purified by silica
Aco" 0 gel column chromatography (2% MeOH/DCM) to afford the
/) product (32 mg, 62 pmol, 91%). '"H NMR (400 MHz, CDCls) & 8.64
N (s, TH), 7.95 (s, T1H), 7.62 (dd, J = 8.1, 1.7 Hz, 1H), 7.54 (s, TH), 7.52
(t,J =1.7 Hz, TH), 7.36 - 7.29 (m, 3H), 7.20 (s, TH), 7.11 = 7.06 (m, 1H), 7.06 — 7.02 (m, 2H), 6.76 (dd, J =
8.1, 2.3 Hz, TH), 4.49 (t, 2H), 4.44 (t,J = 5.7 Hz, 2H), 4.31 - 4.23 (m, 4H), 2.08 (s, 3H), 2.06 (s, 3H). *C NMR
(101 MHz, CDCl3) 6 171.71, 170.98, 157.89, 157.08, 156.48, 154.00, 153.91, 148.10, 147.51, 140.44, 130.07,
129.83, 123.48, 119.19, 116.11, 114.16, 111.86, 109.57, 109.16, 103.04, 66.88, 66.73, 62.29, 61.52, 21.01,

20.96. LCMS (Finnigan, 10 = 90%): t, = 6.44 min, m/z: 518.1.

ACO\/\O

((4-((4-Methoxyphenyl)amino)quinazoline-6,7-diyl)bis(oxy))bis(ethane-2,1-diyl) diacetate (71)
o The title compound was synthesized from 62 (40.0 mg, 108 pmol) and
Q/ 4-methoxyaniline (13.4 mg, 108 umol) according to general procedure
HN A (reaction time: 3 h). The crude was purified by silica gel column
Aco” 0 SN chromatography (3% MeOH/DCM) to afford the product (42.7 mg,
93.7 ymol, 86%). 'H NMR (400 MHz, MeOD) & 8.35 (s, 1H), 7.72 (s, TH),
7.51-7.46 (m, 2H), 7.12 (s, TH), 6.95-6.91 (m, 2H), 4.53 —4.48 (m, 4H),
4.38 - 4.33 (m, 4H), 3.81 (s, 3H), 2.10 (app. s, 6H). *C NMR (101 MHz, MeOD) & 172.27, 172.12, 158.44,
157.71, 154.80, 153.67, 149.07, 146.40, 131.85, 125.83, 114.68, 110.07, 108.08, 104.64, 67.89, 67.45, 63.25,

63.05, 55.77, 20.98, 20.96. LCMS (Finnigan, 10 = 90%): t. = 5.27 min, m/z: 456.1.

ACO\/\O N/)

((4-((4-Phenoxyphenyl)amino)quinazoline-6,7-diyl)bis(oxy))bis(ethane-2,1-diyl) diacetate (72)
o The title compound was synthesized from 62 (30.0 mg, 81.4 pmol)
Q/ and 4-phenoxyaniline (15.1 mg, 81.5 pmol) according to general
HN procedure A (reaction time: 2 h). The crude was purified by silica
Aco” 0 SN gel column chromatography (0 — 2% MeOH/DCM) to afford the
AcO\/\O N/) product (34.3 mg, 66.3 umol, 81%). 'H NMR (400 MHz, CDCls) &
8.63 (s, TH), 7.98 (br's, 1H), 7.73 - 7.68 (m, 2H), 7.55 (s, TH), 7.35 -
7.29 (m, 2H), 7.21 (s, TH), 7.11 = 7.06 (m, TH), 7.05 — 6.99 (m, 4H), 4.52 — 4.47 (m, 2H), 4.46 (t, J = 5.7 Hz,
2H), 4.32 — 4.25 (m, 4H), 2.12 (s, 3H), 2.09 (s, 3H). 3C NMR (101 MHz, CDCl3) & 171.65, 170.99, 157.50,
156.78, 154.01, 153.96, 153.68, 148.11, 147.19, 134.14, 129.84, 123.58, 123.27, 119.57, 118.72, 109.37,
109.00, 103.25, 66.89, 66.85, 62.28, 61.63, 21.08, 20.97. LCMS (Finnigan, 10 = 90%): t. = 6.33 min, m/z:

518.1.
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((4-((4-(Benzyloxy)phenyl)amino)quinazoline-6,7-diyl)bis(oxy))bis(ethane-2,1-diyl) diacetate (73)
The title compound was synthesized from 62 (31.5 mg, 85.4
Ov© pumol) and 4-(benzyloxy)aniline hydrochloride (20.2 mg, 85.7
/O/ pumol) according to general procedure A (reaction time: 2 h).
HN The crude was purified by silica gel column chromatography (0
- 3% MeOH/DCM) to afford the product (35 mg, 66 umol, 77%).
AcO J "H NMR (400 MHz, CDCls) & 8.60 (s, TH), 7.93 (br s, 1H), 7.60 —
~"0 N 7.55 (m, 2H), 7.48 (s, 1H), 7.45-7.40 (m, 2H), 7.40 — 7.35 (m, 2H),
7.34-7.29 (m, 1H), 7.18 (s, 1H), 6.97 (d, J = 9.0 Hz, 2H), 5.04 (s, 2H), 4.50 — 4.45 (m, 2H), 442 (t, / = 5.5
Hz, 2H), 4.28 — 4.24 (m, 2H), 4.22 (t, J = 5.5 Hz, 2H), 2.09 (s, 3H), 2.08 (s, 3H). *C NMR (101 MHz, CDCl3)
6 171.47, 170.96, 157.09, 155.94, 154.17, 153.75, 148.02, 147.18, 137.03, 131.80, 128.67, 128.07, 127.54,
124.19, 115.34, 109.33, 109.03, 103.50, 70.37, 67.02, 66.85, 62.28, 61.85, 21.02, 20.94. LCMS (Finnigan, 10

- 90%): t, = 6.37 min, m/z: 532.1.

o
AcO” SN

((4-((3-Bromophenyl)amino)quinazoline-6,7-diyl)bis(oxy))bis(ethane-2,1-diyl) diacetate (74)
The title compound was synthesized from 62 (300 mg, 814 pmol) and
/@\ 3-bromoaniline (96.8 uL, 891 umol) according to general procedure A
HN Br (reaction time: 1.5 h). The crude was purified by silica gel column
Aco/\/o N chromatography (0 — 2% MeOH/DCM) to afford the product (289 mg,
AcO_~ N/) 573 pmol, 71%). '"H NMR (400 MHz, MeOD) & 8.43 (s, 1H), 8.01 — 7.98
(m, TH), 7.72 = 7.62 (m, 2H), 7.27 = 7.21 (m, 2H), 7.11 (s, TH), 4.54 — 4.46
(m, 4H), 4.40 — 4.30 (m, 4H), 2.10 (s, 3H), 2.09 (s, 3H). "*C NMR (101 MHz, MeOD) & 172.39, 172.27, 157.83,
155.14, 153.68, 149.50, 147.29, 141.28, 130.78, 127.63, 125.93, 122.85, 121.63, 110.46, 108.37, 104.37,

68.11, 67.67, 63.41, 63.22, 20.95, 20.92. LCMS (Finnigan, 10 —» 90%): t. = 5.82 min, m/z: 504.0.

((4-((2'-Methyl-[1,1'-biphenyl]-3-yl)amino)quinazoline-6,7-diyl) bis(oxy))bis(ethane-2,1-diyl)
diacetate (75)
The title compound was synthesized from 74 (40 mg, 79 pmol)
according to general procedure C using o-tolylboronic acid. The
crude was purified by silica gel column chromatography (1 - 5%
Aco/\/ N MeOH/DCM to afford the product (26 mg, 50 umol, 64%). 'H NMR
AcO\/\O (400 MHz, CDCls) & 8.67 (s, 1H), 7.89 — 7.85 (m, 2H), 7.74 (t, J = 1.8
Hz, 1H), 7.57 (s, 1H), 7.45 (t, J = 7.9 Hz, 1H), 7.29 - 7.24 (m, 5H), 7.12
(dt, J = 7.6, 1.1 Hz, TH), 4.54 — 4.47 (m, 4H), 4.36 — 4.29 (m, 4H), 2.34 (s, 3H), 2.13 (s, 3H), 2.11 (s, 3H). *C
NMR (101 MHz, CDCls) & 171.72, 171.00, 156.62, 154.17, 153.95, 148.12, 147.52, 142.85, 141.63, 138.66,
135.50, 130.48, 129.83, 128.84, 127.50, 125.88, 125.08, 122.41, 119.95, 109.55, 109.27, 103.11, 66.92,
66.79, 62.33, 61.56, 21.07, 21.00, 20.66. LCMS (Finnigan, 10 = 90%): t. = 6.74 min, m/z: 516.1.

((4-((3'-Methyl-[1,1'-biphenyl]-3-yl)amino)quinazoline-6,7-diyl)bis(oxy))bis(ethane-2,1-diyl)
diacetate (76)
The title compound was synthesized from 74 (35 mg, 69 pmol)
O according to general procedure C using m-tolylboronic acid. The
HN O crude was purified by silica gel column chromatography (1 - 3%
MeOH/DCM) to afford the product (24.6 mg, 47.7 umol, 69%). H
NMR (400 MHz, CDCl3) & 8.68 (s, TH), 7.94 (t, J = 2.0 Hz, 1H), 7.90
(ddd, J = 8.1, 2.3, 1.1 Hz, 1H), 7.87 (s, 1H), 7.58 (s, 1H), 746 (t, J =
7.9 Hz, 1H), 7.45 - 7.38 (m, 2H), 7.36 (ddd, J = 7.7, 1.8, 1.1 Hz, TH), 7.32 (td, / = 7.3, 1.1 Hz, 1H), 7.24 (s,
1H), 7.21=7.13 (m, TH), 4.54 — 4.46 (m, 4H), 4.37 — 4.28 (m, 4H), 2.42 (s, 3H), 2.15 (s, 3H), 2.11 (s, 3H). '3C
NMR (101 MHz, CDCls) 6 171.75, 171.01, 156.70, 154.16, 153.95, 148.12, 147.50, 142.31, 140.94, 139.31,
138.45, 129.49, 128.79, 128.35, 128.04, 124.39, 123.05, 120.45, 120.39, 109.56, 109.27, 103.10, 66.93,
66.75, 62.34, 61.54, 21.69, 21.11, 21.01. LCMS (Fleet, 10 - 90%): t. = 5.96 min, m/z: 516.2.

o
AcO” SN
A

CO\/\O N/)
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2,2'-((4-((3-Bromophenyl)amino)quinazoline-6,7-diyl)bis(oxy))bis(ethan-1-ol) (77)
The title compound was synthesized from 74 (360 mg, 714 pmol)
/@\ according to general procedure B (reaction time: 1 h). The crude was
HN Br purified by silica gel column chromatography (4 — 8% MeOH/DCM) to
Ho O N afford the product (292 mg, 695 pmol, 97%). 'H NMR (400 MHz, MeOD)
HO_~¢ N/) & 8.39 (s, 1H), 8.09 — 8.03 (m, 1H), 7.74 — 7.68 (m, 1H), 7.60 (s, TH), 7.28 —
7.23 (m, 2H), 7.04 (s, TH), 4.22 (t, 2H), 4.17 (t, 2H), 4.01 - 3.94 (m, 4H). "3C
NMR (101 MHz, MeOD) & 158.08, 155.93, 153.73, 150.44, 147.49, 142.06, 131.15, 127.72, 126.13, 123.06,
121.95, 110.49, 107.92, 103.45, 71.94, 71.63, 61.45, 61.24. LCMS (Finnigan, 10 - 90%): t. = 4.82 min, m/z:

420.1.

4-Nitro-1-(tetrahydro-2H-pyran-2-yl)-1H-pyrazole (78)
N 4-Nitro-1H-pyrazole (50.0 mg, 0.442 mmol) was dissolved in dry DCM (0.2 mL). 3,4-
LN THP dihydro-2H-pyran (202 pL, 221 mmol) and 4-methylbenzenesulfonic acid
monohydrate (4.2 mg, 0.022 mmol) were added and the mixture was stirred for 1 h.
The mixture was poured into H20 (20 mL) and the product extracted with DCM (3x20 mL). The combined
organic layers were washed with brine (20 mL), dried over NazSO,, filtered and concentrated. The crude
was purified by silica gel column chromatography (10 — 30% EtOAc/pentane) and used as such in
subsequent reaction (yield: 100 mg). '"H NMR (400 MHz, CDCls) & 8.33 (s, 1H), 8.04 (s, 1H), 5.36 (dd, J =
9.0, 2.8 Hz, 1H), 4.07 — 4.00 (m, 1H), 3.73 = 3.64 (m, 1H), 2.16 — 2.08 (m, 1H), 2.01 — 1.89 (m, 2H), 1.71 -
1.58 (m, 3H). ®C NMR (101 MHz, CDCls) & 135.42, 127.09, 88.38, 67.80, 30.61, 24.67, 21.59 (the quaternary
carbon was not observed). LCMS (Finnigan, 10 » 90%): t. = 5.67 min, m/z: no mass observed.

O,N

1-Methyl-4-nitro-1H-pyrazole (79)
_N The title compound was synthesized from 4-nitro-1H-pyrazole (80.0 mg, 707 pmol) and
~ N— jodomethane (52.9 pL, 849 pmol) according to general procedure E (1.4 M, at RT) to afford
O2N the product (88.0 mg, 692 pmol, 98%). '"H NMR (400 MHz, CDCls) & 8.12 (s, 1H), 7.99 (s,
1H), 3.93 (s, 3H). *C NMR (101 MHz, CDCl3) & 135.72, 129.28, 40.11 (the quaternary carbon was not
observed).

1-Ethyl-4-nitro-1H-pyrazole (80)

_N The title compound was synthesized from 4-nitro-1H-pyrazole (80.0 mg, 707 ymol) and
- N— iodoethane (67.9 pL, 849 pmol) according to general procedure E (1.4 M, at RT) to afford
OoN the product (98.0 mg, 694 pmol, 98%). "H NMR (400 MHz, CDCl3) & 8.14 (s, T1H), 7.98 (s,

1H), 417 (q, J = 7.3 Hz, 2H), 1.47 (t, J = 7.3 Hz, 3H). *C NMR (101 MHz, CDCls) & 135.52, 127.82, 48.36,
14.87 (the quaternary carbon was not observed).

1-Benzyl-4-nitro-1H-pyrazole (81)
The title compound was synthesized from 4-nitro-1H-pyrazole (80.0 mg, 707 pmol)
p and benzyl bromide (101 pL, 849 umol) according to general procedure E (1.4 M, at
L RT) to afford the product (144 mg, 707 umol, quant.). "H NMR (400 MHz, CDCls) &
8.08 (s, TH), 8.05 (s, TH), 7.41—7.33 (m, 3H), 7.30 — 7.25 (m, 2H), 5.29 (s, 2H). *C NMR
101 MHz, CDCls) & 135.96 (br), 135.82, 134.05, 129.16, 128.95, 128.49, 128.24, 57.19.

4-Nitro-1-phenethyl-1H-pyrazole (82)
N f@ The title compound was synthesized from 4-nitro-1H-pyrazole (100 mg, 884
J/;/\N umol) and (2-bromoethyl)benzene (145 pL, 1061 pmol) according to general
O,N procedure E (1.5 M, at 90°C) to afford the product (192 mg, 884 umol, quant.).
"H NMR (400 MHz, CDCls) & 8.06 (s, 1H), 7.82 (s, 1H), 7.32 - 7.18 (m, 3H), 7.07 — 7.02 (m, 2H), 4.35 (t, J =

7.0 Hz, 2H), 3.17 (t, J = 7.0 Hz, 2H). *C NMR (101 MHz, CDCls) & 136.77, 135.90, 135.33 (br), 128.86,
128.81, 128.56, 127.18, 54.83, 36.07.
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4-Nitro-1-(3-phenylpropyl)-1H-pyrazole (83)
The title compound was synthesized from 4-nitro-1H-pyrazole (100 mg, 884
pmol) and (3-bromopropyl)benzene (122 uL, 804 pmol, 0.91 eq.) according to
_N general procedure E (1.3 M, at 85°C, using 3 eq. of K2COs) to afford the product
J;/N (180 mg, 778 umol, 97%). '"H NMR (400 MHz, CDClz) § 8.08 (d, J = 0.7 Hz, 1H),
8.07 (d, J = 0.7 Hz, 1H), 7.33 — 7.28 (m, 2H), 7.24 - 7.19 (m, 1H), 7.19 - 7.15 (m,
2H), 4.14 (t, J = 7.1 Hz, 2H), 2.65 (t, J = 7.5 Hz, 2H), 2.25 (p, J = 7.3 Hz, 2H). *C NMR (101 MHz, CDCls) &
139.98, 135.77, 135.62 (br), 128.67, 128.54, 128.38, 126.43, 52.62, 32.37, 30.98.

o,N

1-(2-Chlorobenzyl)-4-nitro-1H-pyrazole (84)
The title compound was synthesized from 4-nitro-1H-pyrazole (80.0 mg, 707 ymol)
Q and 1-(bromomethyl)-2-chlorobenzene (83.0 L, 641 umol, 0.91 eq.) according to
¢ general procedure E (0.4 M, at RT, using 1.05 eq. of KoCOs) to afford the product
OZN (150 mg, 631 pmol, 97%). "H NMR (400 MHz, CDCl3) & 8.15 (s, 1H), 8.08 (s, 1H), 7.45
(dd, J = 7.8, 1.4 Hz, TH), 7.39 = 7.25 (m, 3H), 5.44 (s, 2H). *C NMR (101 MHz, CDCls) & 136.10, 136.06 (br),
133.97, 131.77, 130.93, 130.74, 130.19, 128.92, 127.72, 54.74.

1-(3-Fluorobenzyl)-4-nitro-1H-pyrazole (85)
The title compound was synthesized from 4-nitro-1H-pyrazole (100 mg, 884
QF pumol) and 1-(bromomethyl)-3-fluorobenzene (108 L, 884 pmol) according to
L general procedure E (1.5 M, at RT, using 3 eq. of K2COs3) to afford the product
(194 mg, 877 pmol, 99%). 'H NMR (400 MHz, CDCls) & 8.14 (s, TH), 8.07 (s, TH),
739 7.32 (m, 1H), 7.10 - 7.00 (m, 2H), 6.97 (dt, J = 9.4, 1.9 Hz, 1H), 5.30 (s, 2H). *C NMR (101 MHz,

CDCl3) 6 163.00 (d, Jic-r) = 248.0 Hz), 136.54 (d, Jc-r = 7.7 Hz), 136.23 (br), 136.11, 130.95 (d, Jic-r) = 8.3
Hz), 128.69, 123.80 (d, Jic-r = 3.1 Hz), 116.05 (d, Jic-r) = 21.0 Hz), 115.19 (d, Jic-r) = 22.3 Hz).

1-(3-Methylbenzyl)-4-nitro-1H-pyrazole (86)
The title compound was synthesized from 4-nitro-1H-pyrazole (80.0 mg, 707
p\ pmol) and 1-(bromomethyl)-3-methylbenzene (87.0 pL, 644 pmol, 0.91 eq.)
L according to general procedure E (0.4 M, at RT, using 1.05 eq. of K.COs) to afford
O:N the product (138 mg, 635 umol, 99%). '"H NMR (400 MHz, CDCls) & 8.07 (s, 1H),

8.06 (s, TH), 7.31=7.26 (m, TH), 7.21 = 7.17 (m, TH), 7.12 = 7.07 (m, 2H), 5.26 (s, 2H), 2.36 (s, 3H). *C NMR
(101 MHz, CDCls) 6 139.19, 136.07, 135.91, 133.87, 129.89, 129.19, 129.11, 128.45, 125.48, 57.38, 21.39.

1-(4-Chlorobenzyl)-4-nitro-1H-pyrazole (87)
¢l The title compound was synthesized from 4-nitro-1H-pyrazole (110 mg, 973 umol)
and 1-(bromomethyl)-4-chlorobenzene (182 mg, 884 umol, 0.91 eq.) according to

_N general procedure E (1.8 M, at RT, using 1.1 eq. of K2COs) to afford the product
J;/N (208 mg, 875 pmol, 99%). "H NMR (400 MHz, CDCls) & 8.10 (s, TH), 8.06 (s, 1H),
ON 7.37 = 7.33 (m, 2H), 7.25 — 7.20 (m, 2H), 5.28 (s, 2H). *C NMR (101 MHz, CDCl5) &

136.19 (br), 136.10, 135.10, 132.61, 129.68, 129.46, 128.52, 56.56.

1-(4-Methylbenzyl)-4-nitro-1H-pyrazole (88)
The title compound was synthesized from 4-nitro-1H-pyrazole (110 mg, 973 pmol)
and 1-(bromomethyl)-4-methylbenzene (164 mg, 884 pmol, 0.91 eq.) according to
_N general procedure E (1.8 M, at RT, using 1.1 eq. of K2CO3) to afford the product (192
J;/N mg, 884 pmol, quant.). 'H NMR (400 MHz, CDCls) 6 8.06 (s, TH), 8.05 (s, TH), 7.20 (s,
4H), 5.25 (s, 2H), 2.35 (s, 3H). *C NMR (101 MHz, CDCls) 6 139.00, 135.91 (br), 135.78,
130.92, 129.86, 128.38, 128.33, 57.03, 21.13.

O,N
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1-(4-Methoxybenzyl)-4-nitro-1H-pyrazole (89)
o— The title compound was synthesized from 4-nitro-1H-pyrazole (110 mg, 973
pmol) and 1-(chloromethyl)-4-methoxybenzene (110 pL, 884 umol, 0.91 eq.)
_N according to general procedure E (1.8 M, at RT, using 1.1 eq. of K2COs) to afford
J;/\N the product (205 mg, 879 pmol, 99%). "H NMR (400 MHz, CDCls) & 8.04 (d, J =
ON 0.8 Hz, 1H), 8.01 (d, J = 0.8 Hz, 1H), 7.24 - 7.19 (m, 2H), 6.89 — 6.85 (m, 2H), 5.19
(s, 2H), 3.75 (s, 3H). ®C NMR (101 MHz, CDCls) & 159.91, 135.72 (br), 135.63, 129.82, 128.18, 125.86,

114.38, 56.56, 55.14.

1-(Tetrahydro-2H-pyran-2-yl)-1H-pyrazol-4-amine (90)
N 78 (100 mg) was dissolved in degassed MeOH (3 mL). 5% Pt/C (17.7 mg) was added
J/;/\N\THP and the atmosphere was exchanged for Hz. The mixture was vigorously stirred for 2 h
HoN while bubbling H: through the mixture. The atmosphere was exchanged for Nz, the
mixture was filtered over Celite and subsequently concentrated. The crude was purified by silica gel
column chromatography (10% MeOH (containing 10% sat. NH4OH (aq.))/DCM) to afford the product
(52.0 mg, 311 uymol, 74% over two steps). '"H NMR (400 MHz, CDCl3) § 7.19 (s, 1H), 7.17 (s, TH), 5.22 (dd,
J =96, 24 Hz, T1H), 4.04 — 3.97 (m, TH), 3.68 — 3.60 (m, TH), 2.88 (s, 2H), 2.08 — 1.94 (m, 3H), 1.68 — 1.53
(m, 3H). ®C NMR (101 MHz, CDCl3) & 132.09, 129.42, 116.35, 87.87, 67.77, 30.22, 25.03, 22.61.

1-Methyl-1H-pyrazol-4-amine (91)
_N The title compound was synthesized from 79 (88.0 mg, 692 umol) according to general
~ N— procedure F (reaction time: 2 h) to afford the product (58.0 mg, 596 umol, 86%). '"H NMR
HzN (400 MHz, MeOD) & 7.15 (s, TH), 7.11 (s, 1H), 3.75 (s, 3H). 3C NMR (101 MHz, MeOD) &
131.75, 130.39, 121.44, 38.79.

1-Ethyl-1H-pyrazol-4-amine (92)

_N The title compound was synthesized from 80 (98.0 mg, 694 pmol) according to general
N procedure F (reaction time: 2 h) to afford the product (65.0 mg, 585 pumol, 84%). '"H NMR
HoN (400 MHz, MeOD) 6 7.19 (d, J = 1.0 Hz, 1H), 7.12 (d, / = 0.9 Hz, 1H), 4.02 (q, / = 7.3 Hz,

2H), 1.37 (t, J = 7.3 Hz, 3H). ®*C NMR (101 MHz, MeOD) & 131.63, 130.20, 119.83, 47.73, 16.01.

1-Benzyl-1H-pyrazol-4-amine (93)

81 (144 mg, 707 pmol) and iron powder (300 mg, 5.37 mmol) were mixed in MeOH
p (10 mL) and AcOH (4.5 mL). The mixture was stirred at 60°C for 2 h after which the
L hot mixture was filtered over Celite and concentrated. The residue was diluted in 1
HN M NaHCOs (aq.) (30 mL) and the product extracted with EtOAc (3x25 mL). The
combined organic layers were concentrated as such. The crude was purified by silica gel column
chromatography (1 — 3% MeOH (containing 10% sat. NHsOH (aq.))/DCM) to afford the product as a
mixture of 1-benzyl-1H-pyrazol-4-amine and N-(1-benzyl-1H-pyrazol-4-yl)acetamide (40 mg). This
mixture was dissolved in MeOH (1 mL) and 37% HClI (aq.) (0.3 mL) and stirred for 7 h. The mixture was
concentrated and the residue diluted with 1 M NaHCOs (aq.) (30 mL). The product was extracted with
DCM (3x20 mL). The combined organic layers were washed with brine (20 mL), dried over NaSO4 and
concentrated. The crude was purified by silica gel column chromatography (1 — 2% MeOH in DCM) to
afford the product (20.0 mg, 115 pmol, 16%). "H NMR (400 MHz, CDCl3) & 7.35 - 7.25 (m, 3H), 7.20- 7.16
(m, 3H), 6.96 (d, J = 0.9 Hz, 1H), 5.17 (s, 2H), 2.77 (br s, 2H). > C NMR (101 MHz, CDCls) & 137.02, 131.46,

129.43, 128.82, 128.00, 127.63, 118.48, 56.28. LCMS (Finnigan, 0 = 50%): t. = 5.00 min, m/z: 174.1.

1-Phenethyl-1H-pyrazol-4-amine (94)
N f@ The title compound was synthesized from 82 (60.0 mg, 276 pmol) according to
J/;/\N general procedure F (reaction time: 1 h) to afford the product (35.0 mg, 187
HoN pmol, 68%). '"H NMR (400 MHz, CDCls) & 7.31 = 7.19 (m, 3H), 7.16 (d, J = 0.8 Hz,
1H), 7.12 - 7.07 (m, 2H), 6.82 (d, J = 0.8 Hz, TH), 4.20 (t, J = 7.4 Hz, 2H), 3.10 (t, J = 7.5 Hz, 2H), 2.71 (brs,
2H). 3C NMR (101 MHz, CDCls) & 138.31, 131.35, 128.80, 128.63, 128.60, 126.67, 118.79, 53.75, 37.00.
LCMS (Finnigan, 10 - 50%): t. = 4.38 min, m/z: 188.1.

91



Chapter 3

1-(3-Phenylpropyl)-1H-pyrazol-4-amine (95)
The title compound was synthesized from 83 (127 mg, 549 pmol) according to
general procedure F (reaction time: 2 h) to afford the product (110 mg, 547
_N pmol, quant.). '™H NMR (400 MHz, CDClz) & 7.31 — 7.22 (m, 2H), 7.19 - 7.13 (m,
J;/N 4H), 6.96 (d, J = 0.9 Hz, 1H), 3.98 (t, J = 7.0 Hz, 2H), 2.83 (brs, 2H), 2.58 (t, /=74
Hz, 2H), 2.12 (p, J = 7.2 Hz, 2H). *C NMR (101 MHz, CDCls) & 141.00, 131.01,
128.68, 128.44, 128.43, 126.03, 118.39, 51.45, 32.62, 31.79. LCMS (Finnigan, 0 = 50%): t, = 6.70 min, m/z:
202.1.

HoN

1-(2-Chlorobenzyl)-1H-pyrazol-4-amine (96)
The title compound was synthesized from 84 (75.0 mg, 316 ymol) according to
Q general procedure G to afford the product (60.0 mg, 289 umol, 92%). "H NMR (400
MHZ MeOD) 6 7.41 (dd, J = 7.8, 1.5 Hz, 1H), 7.31 - 7.24 (m, 3H), 7.22 (d, / = 0.8 Hz,
), 6.92 (dd, J = 7.3, 1.9 Hz, 1H), 5.32 (s, 2H). *C NMR (101 MHz, MeOD) & 136.18,
133.88, 132.62, 130.56, 130.53, 130.50 (br), 130.39, 128.40, 121.25, 54.04. LCMS (Finnigan, 10 —» 90%): t.
= 4.06 min, m/z: 208.1.

1-(3-Fluorobenzyl)-1H-pyrazol-4-amine (97)
The title compound was synthesized from 85 (126 mg, 570 umol) according to
QF general procedure G (using 32 eq. NH4Cl) to afford the product (69.0 mg, 361
L umol, 63%). "H NMR (400 MHz, CDCl3) § 7.33 — 7.23 (m, 1H), 7.19 (s, TH), 7.02 -
6.91 (m, 3H), 6.84 (dt, J = 9.6, 2.1 Hz, 1H), 5.16 (s, 2H), 2.87 (br s, 2H). 3C NMR
(101 MHz, CDCl3) & 162.99 (d, Jic-r) = 246.6 Hz), 139.60 (d, Jic-n = 7.2 Hz), 131.69, 130.30 (d, Jc-r) = 8.2

Hz), 129.64, 122.92 (d, Jic-n = 2.9 Hz), 118.42, 114.84 (d, Jic-r) = 21.1 Hz), 114.33 (d, Jic-r) = 22.0 Hz), 55.52
(d, Jc-n = 1.5 Hz). LCMS (Finnigan, 0 - 50%): t. = 5.63 min, m/z: 192.1.

1-(3-Methylbenzyl)-1H-pyrazol-4-amine (98)
The title compound was synthesized from 86 (115 mg, 529 pmol) according to
p\ general procedure G to afford the product (98.0 mg, 523 pmol, 99%). '"H NMR
L (400 MHz, MeOD) & 7.35 (d, J = 0.8 Hz, 1H), 7.25 (d, J = 0.8 Hz, TH), 719 (t, J = 7.6
Hz, 1H), 7.09 (d, J = 7.6 Hz, 1H), 7.02 (s, 1H), 6.98 (d, J = 8.0 Hz, 1H), 5.17 (s, 2H),

229 (s, 3H). *C NMR (101 MHz, MeOD) & 139.55, 138.31, 132.58, 129.61, 129.60, 129.14, 127.76 (br),
125.60, 121.80, 56.69, 21.38. LCMS (Finnigan, 10 = 50%): t. = 4.98 min, m/z: 188.1.

1-(4-Chlorobenzyl)-1H-pyrazol-4-amine (99)
ci The title compound was synthesized from 87 (80.0 mg, 337 pmol) according to
general procedure G (using 5 eq. of iron powder and 32 eq. NH4Cl). The crude was

_N purified by automated column chromatography (0 — 10% MeOH/DCM) to afford
J;/\N the product (23.5 mg, 113 umol, 34%). '"H NMR (400 MHz, CDCl3) § 7.31 - 7.27 (m,
HoN 2H), 7.19 (d, J = 0.9 Hz, 1H), 7.13 - 7.08 (m, 2H), 6.97 (d, J = 0.9 Hz, 1H), 5.14 (s, 2H),

2.65 (brs, 2H). *C NMR (101 MHz, CDCl3) § 135.59, 133.91, 131.74, 129.65, 129.01, 128.95, 118.39, 55.55.
LCMS (Finnigan, 0 = 50%): t. = 6.53 min, m/z: 208.1.

1-(4-Methylbenzyl)-1H-pyrazol-4-amine hydrochloride (100)
The title compound was synthesized from 88 (73.0 mg, 337 pmol) according to
general procedure G (using 5 eq. of iron powder and 32 eq. NH4Cl). The crude was
_N diluted in a mixture of 0.5 M HCl (aq.) (10 mL) and DCM (10 mL). The organic layer
H’C'J;/N was separated and the water layer extracted with DCM (10 mL). The water layer
HaN was concentrated to afford the product (29.3 mg, 156 pmol, 47%). '"H NMR (400
MHz, MeOD) & 7.97 (s, TH), 7.64 (s, 1H), 7.20 — 7.12 (m, 4H), 5.30 (s, 2H), 2.30 (s, 3H). >C NMR (101 MHz,
MeOD) & 139.24, 134.73, 134.43, 130.39, 128.93, 126.62, 114.18, 57.10, 21.13. LCMS (Finnigan, 0 — 50%):

t, = 6.27 min, m/z: 188.1.
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1-(4-Methoxybenzyl)-1H-pyrazol-4-amine (101)
o— The title compound was synthesized from 89 (78.0 mg, 336 umol) according to
general procedure G (using 5 eq. of iron powder and 32 eq. NH4Cl). The crude
N ﬁ was purified by automated column chromatography (0 — 10% MeOH/DCM) to
J/;/\N afford the product (25.0 mg, 123 pmol, 37%). '"H NMR (400 MHz, CDCls) § 7.16
HoN (d,J=0.8Hz, 1H), 7.15-7.12 (m, 2H), 6.93 (d, J = 0.8 Hz, 1H), 6.87 — 6.83 (m, 2H),

5.09 (s, 2H), 3.77 (s, 3H), 2.72 (br s, 2H). *C NMR (101 MHz, CDCl5) & 159.39, 131.32, 129.30, 129.17,
128.97, 118.26, 114.17, 55.77, 55.36. LCMS (Finnigan, 0 = 50%): t. = 5.74 min, m/z: 204.1.

((4-((1-(Tetrahydro-2H-pyran-2-yl)-1H-pyrazol-4-yl)amino)quinazoline-6,7-diyl)bis(oxy))bis(ethane-
2,1-diyl) diacetate (102)

N The title compound was synthesized from 62 (30.0 mg, 81.4 pmol) and
J/;/\N—THP 90 (13.7 mg, 81.9 umol) according to general procedure A (also DIPEA

HN (21.0 pL, 122 pmol) was added, reaction time: 6 h). The crude was
Aco >0 SN purified by silica gel column chromatography (2% MeOH/DCM) to
ACO\/\O N/) afford the product (30 mg, 60 pmol, 74%). 'H NMR (400 MHz, CDCls)

& 8.67 (s, 2H), 8.48 (s, T1H), 7.66 (s, TH), 7.55 (s, 1TH), 7.18 (s, 1H), 5.35 (d,
J =99 Hz, 1H), 449 — 442 (m, 2H), 4.36 (t, / = 5.0 Hz, 2H), 4.29 — 4.22 (m, 2H), 4.09 (t, J = 5.1 Hz, 2H),
4.00(d,J = 11.3 Hz, 1H), 3.63 (t, J = 10.0 Hz, 1H), 2.23 - 2.12 (m, 1H), 2.09 — 1.98 (m, 8H), 1.72 - 1.52 (m,
3H). 3C NMR (101 MHz, CDCl5) & 171.52, 170.95, 155.75, 154.33, 153.68, 148.07, 146.84, 132.15, 122.81,
120.52, 109.33, 108.98, 103.33, 88.12, 67.92, 66.94, 66.87, 62.29, 62.00, 30.33, 24.99, 22.63, 20.99, 20.92.
LCMS (Fleet, 10 - 90%): t, = 4.34 min, m/z: 500.2.

((4-((1-Methyl-1H-pyrazol-4-yl)amino)quinazoline-6,7-diyl) bis(oxy))bis(ethane-2,1-diyl) diacetate
(103)

N The title compound was synthesized from 62 (30.0 mg, 81.4 pmol) and

J/;/\N~ 91 (9.5 mg, 98 umol) according to general procedure A (reaction time: 2

HN h). The crude was purified by silica gel column chromatography (2 - 5%
Aco” >0 N MeOH/DCM) to afford the product (32 mg, 75 umol, 92%). 'H NMR (500
Aco\/\o N/) MHz, MeOD) 6 8.48 (s, 1H), 8.17 (s, TH), 7.59 (s, TH), 7.58 (s, 1H), 7.08 (s,

TH), 4.46 — 4.42 (m, 4H), 4.28 — 4.24 (m, 4H), 3.86 (s, 3H), 2.05 (s, 3H), 2.05

(s, 3H). C NMR (126 MHz, MeOD) & 171.67, 171.35, 156.01, 153.79, 148.19, 146.15, 131.34, 123.29,

122.41,109.42, 108.11, 103.77, 67.27, 66.80, 62.66, 62.44, 39.04, 20.82, 20.77. LCMS (Finnigan, 10 —» 90%):
= 4.43 min, m/z: 430.1.

((4-((1-Ethyl-1H-pyrazol-4-yl)amino)quinazoline-6,7-diyl)bis(oxy))bis(ethane-2,1-diyl) diacetate (104)
The title compound was synthesized from 62 (30.0 mg, 81.4 pmol) and
J/;/\N\/ 92 (10.9 mg, 98.1 pmol) according to general procedure A (reaction

HN time: 2 h). The crude was purified by silica gel column chromatography
Aco” 0 SN (5% MeOH/DCM) to afford the product (33 mg, 74 umol, 91%). 'H NMR
Aco\/\o N/) (500 MHz, CDCls) 6 845 (s, 1H), 8.18 (s, 1H), 7.56 (s, 1H), 7.55 (s, 1H),

7.04 (s, TH), 4.42 — 4.37 (m, 4H), 4.25 - 4.19 (m, 4H), 4.09 (q, J/ = 7.3 Hz,
2H), 2.01 (s, 3H), 2.01 (s, 3H), 1.42 (t, J = 7.1 Hz, 3H). ®*C NMR (126 MHz, CDCls) & 171.56, 171.22, 155.85,
153.72, 153.67, 148.07, 146.02, 130.96, 122.09, 121.49, 109.30, 108.02, 103.66, 67.15, 66.69, 62.53, 62.32,
47.20, 20.71, 20.67, 15.33. LCMS (Finnigan, 10 - 90%): t. = 4.66 min, m/z: 444.1.

((4-((1-Benzyl-1H-pyrazol-4-yl)amino)quinazoline-6,7-diyl)bis(oxy))bis(ethane-2,1-diyl) diacetate

(105)
The title compound was synthesized from 62 (30.0 mg, 81.4 umol)
Q and 93 (15.5 mg, 89.5 pmol) according to general procedure A
L (reaction time: 2 h). The crude was purified by silica gel column
chromatography (1 - 3% MeOH/DCM) to afford the product (40
Aco” >0 mg, 79 pmol, 97%). "H NMR (400 MHz, CDCls) & 8.65 (s, 1H), 8.56

Ao~ ) (brs, 1H), 8.28 (s, TH), 7.64 (s, 1H), 7.51 (s, TH), 7.31 - 7.15 (m, 6H),
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5.27 (s, 2H), 448 — 4.43 (m, 2H), 4.36 (t, J = 5.4 Hz, 2H), 4.29 - 4.22 (m, 2H), 4.07 (t, / = 5.4 Hz, 2H), 2.06
(s, 3H), 2.06 (s, 3H). 3C NMR (101 MHz, CDCls) 6 171.60, 170.97, 155.67, 154.35, 153.64, 148.00, 146.88,
136.53, 131.69, 128.87, 128.15, 127.74, 122.75, 122.23, 109.29, 109.03, 103.20, 66.88, 66.85, 62.28, 61.89,
56.53, 21.02, 20.94. LCMS (Finnigan, 10 = 90%): t. = 5.50 min, m/z: 506.1.

((4-((1-Phenethyl-1H-pyrazol-4-yl)amino)quinazoline-6,7-diyl)bis(oxy))bis(ethane-2,1-diyl) diacetate

(106)

The title compound was synthesized from 62 (30.0 mg, 81.4

L f@ pmol) and 94 (153 mg, 81.7 pmol) according to general

procedure A (reaction time: 1 h). The crude was purified by
Aco” 0 SN silica gel column chromatography (0 - 5% MeOH/DCM) to
afford the product (31 mg, 60 umol, 73%). '"H NMR (400 MHz,
MeOD) & 8.44 (s, 1H), 8.04 (d, J = 0.7 Hz, 1H), 7.75 (d, / = 0.7 Hz,
1H), 7.66 (s, 1H), 7.27 — 7.11 (m, 5H), 7.10 (s, TH), 4.52 — 4.46 (m, 4H), 4.38 —4.29 (m, 6H), 3.15(t, J =73
Hz, 2H), 2.08 (s, 3H), 2.08 (s, 3H). *C NMR (101 MHz, MeOD) & 172.34, 172.24, 156.93, 154.71, 154.26,
149.18, 146.61, 138.73, 132.37, 129.40, 129.24, 127.32, 123.51, 122.87, 110.16, 108.44, 104.45, 68.07,
67.62, 63.43, 63.22, 54.47, 37.50, 20.94, 20.92. LCMS (Finnigan, 0 - 90%): t, = 6.33 min, m/z: 520.2.
((4-((1-(2-Chlorobenzyl)-1H-pyrazol-4-yl)amino)quinazoline-6,7-diyl)bis(oxy)) bis(ethane-2,1-diyl)

diacetate (107)
The title compound was synthesized from 62 (30.0 mg, 81.4 pmol)
\Q and 96 (16.9 mg, 81.4 pmol) according to general procedure A

ACO\/\O N/)

(reaction time: 1 h). The crude was purified by silica gel column

chromatography (2 — 4% MeOH/DCM) to afford the product (42

Aco” 0 mg, 78 umol, 96%). 'H NMR (400 MHz, CDCls) & 8.66 (s, 1H), 8.33

/) (d, J = 0.7 Hz, 1H), 8.30 (br s, 1H), 7.72 (d, J = 0.8 Hz, 1H), 7.52 (s,

1H), 7.35(dd, J = 7.7, 1.4 Hz, 1H), 7.22 = 7.13 (m, 3H), 7.02 (dd, J =

7.5, 1.8 Hz, 1H), 5.42 (s, 2H), 4.51 - 4.47 (m, 2H), 4.42 (t, J = 5.6 Hz, 2H), 4.32 — 4.26 (m, 2H), 4.19 - 4.12

(m, 2H), 2.10 (s, 3H), 2.08 (s, 3H). *C NMR (101 MHz, CDCls) & 171.75, 170.99, 155.66, 154.38, 153.70,

148.02, 146.94, 134.43, 133.14, 132.07, 129.69, 129.51, 127.36, 122.72, 122.67, 109.25, 109.13, 103.09,
66.90, 66.87, 62.32, 61.76, 53.90, 21.10, 20.98. LCMS (Finnigan, 10 = 90%): t. = 5.86 min, m/z: 540.0.

AcO
C\/\o N

((4-((1-(3-Phenylpropyl)-1H-pyrazol-4-yl)Jamino)quinazoline-6,7-diyl)bis(oxy))bis(ethane-2,1-diyl)
diacetate (108)
The title compound was synthesized from 62 (30.0 mg, 81.4
pumol) and 95 (16.4 mg, 81.5 umol) according to general

N procedure A (reaction time: 1.5 h). The crude was purified by

J/;/\N silica gel column chromatography (1 — 4% MeOH/DCM) to

HN afford the product (40.8 mg, 76.5 umol, 94%). 'H NMR (400

Aco” 0 SN MHz, CDCls) § 8.79 - 8.62 (m, 2H), 8.28 (d, J = 0.7 Hz, TH), 7.65
Aco\/\o N/) (d, J =0.7 Hz, 1H), 7.60 (s, TH), 7.28 — 7.23 (m, 2H), 7.22 - 7.13

(m, 4H), 4.50 — 4.45 (m, 2H), 4.40 (t, J = 5.3 Hz, 2H), 4.30 - 4.25
(m, 2H), 4.17 — 4.09 (m, 4H), 2.62 (t, J = 7.6 Hz, 2H), 2.21 (p, J = 7.4 Hz, 2H), 2.08 (s, 3H), 2.08 (s, 3H). 13C
NMR (101 MHz, CDCls) & 171.60, 170.99, 155.74, 154.32, 153.67, 148.03, 146.77, 140.82, 131.21, 128.55,
128.49, 126.19, 122.15, 122.13, 109.30, 108.91, 103.31, 66.96, 66.84, 62.27, 61.94, 51.89, 32.73, 31.83,
21.01, 20.92. LCMS (Finnigan, 10 = 90%): t. = 6.05 min, m/z: 534.2.
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((4-((1-(3-Fluorobenzyl)-1H-pyrazol-4-yl)amino)quinazoline-6,7-diyl)bis(oxy)) bis(ethane-2,1-diyl)
diacetate (109)
The title compound was synthesized from 62 and 97 (15.6 mg,
g 81.6 umol) according to general procedure A (reaction time: 1.5

E\N h). The crude was purified by silica gel column chromatography

HNT X (1 - 4% MeOH/DCM) to afford the product (35 mg, 67 pmol,
0, 1

N A 82%). '"H NMR (400 MHz, CDCls) & 8.65 (s, 1H), 8.64 (br s, TH),

o B 833 (s, 1H), 7.65 (d, J = 0.8 Hz, TH), 7.53 (s, TH), 7.26 - 7.19 (m,

~"o N 1H), 7.18 (s, TH), 6.97 (ddd, J = 7.6, 1.7, 0.9 Hz, 1H), 6.94 — 6.88

(m, TH), 6.86 (dt, J = 9.5, 1.9 Hz, 1H), 5.27 (s, 2H), 4.47 — 4.43 (m, 2H), 4.37 (t, J = 5.4 Hz, 2H), 4.27 - 4.23
(m, 2H), 4.08 (t, J = 5.5 Hz, 2H), 2.06 (s, 3H), 2.06 (s, 3H). *C NMR (101 MHz, CDCl5) & 171.64, 170.98,
163.01 (d, Jicr) = 246.9 Hz), 155.64, 154.28, 153.70, 148.04, 146.82, 139.12 (d, Jicr) = 7.2 Hz), 131.88,
130.44 (d, Jie-r = 8.3 Hz), 123.15 (d, Jic-r) = 2.9 Hz), 122.94, 122.29, 115.07 (d, Jic-p = 21.1 Hz), 114.52 (d,
Jier = 22.1 Hz), 109.28, 108.95, 103.21, 66.90, 66.86, 62.26, 61.87, 55.83 (d, Jic-r) = 1.8 Hz), 21.01, 20.92.
LCMS (Finnigan, 10 = 90%): t. = 5.64 min, m/z: 524.1.

((4-((1-(3-Methylbenzyl)-1H-pyrazol-4-yl)amino)quinazoline-6,7-diyl)bis(oxy))bis(ethane-2,1-diyl)

diacetate (110)
The title compound was synthesized from 62 (30.0 mg, 81.4
p\ pmol) and 98 (15.3 mg, 81.7 pmol) according to general
L procedure A (reaction time: 1 h). The crude was purified by silica
gel column chromatography (1 — 4% MeOH/DCM) to afford the
Aco/\/o product (38.8 mg, 74.7 umol, 92%). '"H NMR (400 MHz, CDCls) &
AcO _~ N/) 8.65 (s, TH), 8.32 (br s, 1H), 8.28 (d, J/ = 0.7 Hz, 1H), 7.67 (d, J =
0.8 Hz, TH), 7.49 (s, TH), 7.21 = 7.12 (m, 2H), 7.09 — 7.00 (m, 3H),
5.25 (s, 2H), 4.50 — 4.46 (m, 2H), 441 (t, J = 5.5 Hz, 2H), 4.31 - 4.27 (m, 2H), 4.12 (t, J = 5.6 Hz, 2H), 2.25
(s, 3H), 2.09 (s, 3H), 2.08 (s, 3H). *C NMR (101 MHz, CDCls) & 171.71, 170.99, 155.64, 154.36, 153.66,
147.98, 146.91, 138.65, 136.44, 131.70, 128.94, 128.78, 128.56, 124.87, 122.65, 122.20, 109.25, 109.11,
103.11, 66.88, 62.32, 61.83, 56.60, 21.42, 21.08, 20.97. LCMS (Finnigan, 10 - 90%): t. = 5.84 min, m/z:

520.1.

((4-((1-(4-Chlorobenzyl)-1H-pyrazol-4-yl)amino)quinazoline-6,7-diyl)bis(oxy))bis(ethane-2,1-diyl)
diacetate (111)
¢ Thetitle compound was synthesized from 62 (30.0 mg, 81.4 umol)
and 99 (16.9 mg, 81.4 pymol) according to general procedure A

N (reaction time: 2 h). The crude was purified by silica gel column

J/;/\N chromatography (0 — 5% MeOH/DCM) to afford the product (40

HN mg, 74 pmol, 91%). "H NMR (400 MHz, MeOD) & 8.45 (s, 1H), 8.31

Aco”~C SN (d,J = 0.7 Hz, 1H), 7.77 (d, J = 0.7 Hz, TH), 7.63 (s, 1H), 7.30 - 7.25

(m, 2H), 7.20 - 7.16 (m, 2H), 7.07 (s, 1H), 5.28 (s, 2H), 4.50 — 4.45
(m, 4H), 4.33 —4.28 (m, 4H), 2.08 (s, 3H), 2.07 (s, 3H). *C NMR (101
MHz, MeOD) & 172.32, 172.22, 156.77, 154.71, 154.20, 149.18, 146.52, 136.24, 134.53, 132.72, 129.65,
129.51, 123.75, 123.42, 110.11, 108.35, 104.33, 68.05, 67.61, 63.42, 63.20, 55.87, 20.94, 20.92. LCMS
(Finnigan, 10 = 90%): t. = 5.94 min, m/z: 540.1.

AcO. _~ o N/)

((4-((1-(4-Methylbenzyl)-1H-pyrazol-4-yl)amino)quinazoline-6,7-diyl) bis(oxy)) bis(ethane-2,1-diyl)
diacetate (112)
The title compound was synthesized from 62 (30.0 mg, 81.4 pmol)
and 100 (18.2 mg, 81.4 uymol) according to general procedure A
E’j\N (reaction time: 6 h). The crude was purified by automated column
X chromatography (0 — 5% MeOH/DCM) to afford the product (36

HN
__o . mg, 69 pmol, 85%). 'H NMR (400 MHz, CDCls) & 8.64 (s, TH), 8.57
2°8 /J“ (br's, TH), 8.26 (d, J = 0.7 Hz, TH), 7.62 (d, J = 0.7 Hz, 1H), 7.48 (s,
0 N 1H), 7.18 (s, TH), 7.13 = 7.09 (m, 2H), 7.08 — 7.04 (m, 2H), 5.23 (s,
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2H), 449 — 4.44 (m, 2H), 436 (t, / = 5.4 Hz, 2H), 4.29 — 4.24 (m, 2H), 4.06 (t, / = 5.4 Hz, 2H), 2.26 (s, 3H),
2.07 (s, 3H), 2.06 (s, 3H). *C NMR (101 MHz, CDCl3) 6 171.59, 170.98, 155.66, 154.31, 153.61, 147.97,
146.80, 137.94, 133.46, 131.62, 129.52, 127.82, 122.68, 122.14, 109.29, 108.98, 103.20, 66.90, 66.85, 62.30,
61.94, 56.34, 21.18, 21.02, 20.94. LCMS (Finnigan, 10 — 90%): t, = 5.85 min, m/z: 520.1.

((4-((1-(4-Methoxybenzyl)-1H-pyrazol-4-yl)amino)quinazoline-6,7-diyl)bis(oxy))bis(ethane-2,1-diyl)
diacetate (113)
o— The title compound was synthesized from 62 (30.0 mg, 81.4
pmol) and 101 (16.6 mg, 81.7 umol) according to general
N g procedure A (reaction time: 1.5 h). The crude was purified by

automated column chromatography (0 — 5% MeOH/DCM) to

HN afford the product (41 mg, 77 pmol, 94%). '"H NMR (400 MHz,
Aco 0 SN CDCls) & 8.64 (s, TH), 8.62 (s, 1H), 8.24 (d, J = 0.6 Hz, TH), 7.61 (d,
Aco\/\o N/) J = 0.8 Hz, 1H), 7.47 (s, 1H), 7.18 = 7.12 (m, 3H), 6.79 — 6.74 (m,

2H), 5.19 (s, 2H), 4.48 — 4.43 (m, 2H), 4.35 (t, J = 5.3 Hz, 2H), 4.25
(t, 2H), 4.03 (t, J = 5.3 Hz, 2H), 3.71 (s, 3H), 2.06 (s, 3H), 2.05 (s, 3H). >C NMR (101 MHz, CDCl3) 6 171.57,
170.97, 159.46, 155.67, 154.32, 153.60, 147.97, 146.83, 131.61, 129.30, 128.46, 122.67, 122.03, 114.19,
109.30, 108.98, 103.19, 66.89, 66.83, 62.28, 61.97, 56.04, 55.31, 21.00, 20.93. LCMS (Finnigan, 10 — 90%):
t, = 6.18 min, m/z: 536.2.

N-(2-Chloropyrimidin-4-yl)-6,7-bis(2-methoxyethoxy)quinazolin-4-amine (114)
4-Chloro-6,7-bis(2-methoxyethoxy)quinazoline (1.50 g, 4.80 mmol),
f)\ Cs2COs (4.69 g, 14.4 mmol), xantphos (416 mg, 0.719 mmol) and 2-
¢l chloropyrimidin-4-amine (746 mg, 5.76 mmol) were mixed in DMF (22
\O/\/O SN mL). N2 was bubbled through the mixture for 1 min after which Pd(OAc)2
(108 mg, 0.48 mmol) was added. N2 was bubbled through the mixture
for 30 sec after which the mixture was heated to 90°C and stirred for 16
h. The mixture was filtered over Celite and subsequently concentrated. The residue was suspended in
EtOAc (100 mL) and poured into H20 (100 mL) and brine (10 mL). The organic layer was separated and
the water layer extracted with EtOAc (50 mL). The combined organic layers were washed with brine (100
mL) and subsequently isolated. The water layer was extracted with EtOAc (50 mL) and the combined
organic layers were dried over NazSO,, filtered and concentrated. The crude was purified by silica gel
column chromatography (1% MeOH/EtOAc) to afford the product (1.23 g, 3.03 mmol, 63%). '"H NMR
(500 MHz, DMSO) & 11.01 (s, 1H), 8.71 (s, 1H), 8.57 (d, J = 5.9 Hz, 1H), 8.53 (d, J = 5.8 Hz, 1H), 8.04 (s,
1H), 7.30 (s, TH), 4.34 — 4.28 (m, 4H), 3.80 — 3.77 (m, 2H), 3.76 — 3.73 (m, 2H), 3.37 (s, 3H), 3.35 (s, 3H). '*C
NMR (126 MHz, DMSO) 6 160.79, 159.97, 158.99, 154.91, 154.39, 151.83, 148.77, 147.91, 109.98, 109.33,
107.91, 102.95, 69.97, 68.34, 68.23, 58.37, 58.34, 40.11, 40.02, 39.95, 39.85, 39.78, 39.69, 39.61, 39.52,

39.35, 39.19, 39.02.

/O\/\O N/)

1-(3-Nitrophenyl)-1H-pyrazole (115)

An oven dried microwave tube was charged with 1H-pyrazole (33.7 mg, 495 pmol), 1-
Q\ bromo-3-nitrobenzene (150 mg, 743 pmol), ethyl 2-oxocyclohexane-1-carboxylate
ON ".‘} (7.9 ul, 50 umol), Cs2COs (323 mg, 990 pumol) and dry MeCN (1 mL). Argon was
N=""bubbled through the mixture for 30 sec after which copper(l) oxide (7.1 mg, 50 umol)
was added. The microwave tube was sealed, the mixture was heated to 82°C and stirred for 16 h. The
mixture was poured into H20 (10 mL) and the product extracted with EtOAc (3x10 mL). The combined
organic layers were washed with brine (10 mL), dried over NazSOq, filtered and concentrated. The crude
was purified by automated column chromatography (10 — 50% EtOAc/heptane) to afford the product
(51.0 mg, 270 pmol, 55%). "H NMR (400 MHz, DMSO) & 8.73 (dd, J = 2.7, 0.6 Hz, TH), 8.64 (t, J = 2.2 Hz,
1H), 8.32 (ddd, / = 8.2, 2.2, 0.9 Hz, 1H), 8.13 (ddd, J = 8.3, 2.2, 0.9 Hz, 1H), 7.84 (dd, J = 1.7, 0.5 Hz, 1H),
7.78 (t,J = 8.2 Hz, 1H), 6.62 (dd, J = 2.6, 1.8 Hz, 1H). >*C NMR (101 MHz, DMSO) & 148.62, 142.05, 140.36,

131.13, 128.57, 124.13, 120.52, 112.75, 108.83. LCMS (Finnigan, 10 - 90%): t. = 7.49 min, m/z: 190.1.
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3-(1H-Pyrazol-1-yl)aniline (116)
115 (28.0 mg, 148 umol) was dissolved in EtOH/H20 (30:1, 3.3 mL) after which iron
/@\ powder (41.3 mg, 444 pmol) and NH4Cl (41.3 mg, 740 umol) were added. The mixture
HoN '\.‘} was heated to 80°C, stirred for 2.5 h and subsequently filtered over Celite. The filtrate
N=/"was diluted in 10% MeOH/DCM (10 mL) and poured into 1 M NaHCO3 (10 mL). The
organic layer was separated and the water layer extracted with DCM (2x10 mL). The combined organic
layers were washed with brine (10 mL), dried over NazxSO;, filtered and concentrated to afford the
product (23.0 mg, 144 pmol, 98%). "H NMR (400 MHz, DMSO) & 8.29 (dd, J = 1.9, 0.6 Hz, 1H), 7.66 (d, J
= 1.8 Hz, TH), 7.11 - 7.06 (m, 2H), 6.91 (ddd, J = 7.9, 2.2, 0.9 Hz, 1H), 6.50 (ddd, J = 8.0, 2.2, 0.9 Hz, 1H),
6.47 (dd, J = 2.5, 1.8 Hz, TH), 5.56 (br s, 2H). *C NMR (101 MHz, DMSO) & 149.51, 140.61, 140.38, 129.80,
127.41,112.10, 107.40, 105.92, 104.19. LCMS (Fleet, 0 - 20%): t. = 6.34 min, m/z: 160.1.
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Introduction

Millions of people are diagnosed with cancer worldwide each year." In 2020 the number of
new cases was estimated to be 19.3 million and about 10 million cancer-related deaths were
reported.’ In a healthy individual, cell division is tightly controlled and homeostasis of cell
number is thereby ensured.? One of the hallmarks of cancer includes uncontrolled cell
proliferation, which may involve aberrant signaling of receptor tyrosine kinases.? Insights into
these molecular mechanisms have led to the development of small molecule inhibitors that
target these receptor tyrosine kinases and thereby block cell proliferation.? However, new
molecular targets are urgently needed for cancer types that do not respond well to the
currently available anti-cancer therapies. Budding uninhibited by benzimidazole 1 (BUBT)
kinase has recently emerged as such a potential target for anti-cancer therapy.*-

BUB1 plays an important role in the spindle assembly checkpoint (SAC), which is a safety
mechanism during the prometaphase of mitosis. The SAC induces a mitotic arrest when
chromosomes are not yet, or not properly, attached to the mitotic spindle.” This arrest is
crucial for genomic integrity since mitotic progression with unattached chromosomes can
result in aneuploidy which subsequently may contribute to tumorigenesis.> Many cancer cells
have a weakened spindle assembly checkpoint and interference with these diminished
checkpoints, for example by pharmacological inhibition of SAC proteins, has been
hypothesized as a strategy to kill cancer cells.4>

BUB1 participates in SAC signaling by recruiting several SAC proteins to unattached
kinetochores.8'" Kinetochores, which are located at the centromeres of sister chromatids,
are thought to catalyze mitotic checkpoint complex (MCC) formation.’? The MCC is an
inhibitor of the anaphase promoting complex/cyclosome (APC/C) and inhibition of APC/C
results in a mitotic arrest.’ BUB1 has been found to phosphorylate histone H2A™3, but the
relevance of its kinase activity in SAC function has been debated.'*-'® Recently, the first BUB1
inhibitor, BAY1816032 (Figure 4.1A,B), was published and its potential as anti-cancer agent
was investigated in a mouse xenograft model of human triple-negative breast cancer.®
BAY1816032 was found to synergistically inhibit tumor growth when combined with
paclitaxel, but did not exhibit efficacy as a single agent.® Of interest, residual BUB1 activity
may be sufficient for a functional SAC', which suggests that more potent BUB1 inhibitors
could act as single agents.

In Chapter 2, the results of a high-throughput screening campaign, to identify novel BUB1
inhibitors, are described. AT-9283 (1) (Figure 4.1A) was the most potent hit with a half
maximal inhibitory concentration (ICsp) of 219 nM. AT-9283 has been investigated in several
phase | clinical trials in patients with leukemia, solid tumors and non-Hodgkin's lymphoma'8-
21 and as such may represent an excellent starting point for a new drug discovery program.
AT-9283 potently inhibits multiple kinases, including FGFR1-3, VEGFR1-3, FLT3, PDGFRa,
JAK2-3 and ABL.?? AT-9283 is also a potent inhibitor of Aurora kinase (Aurora) A and B, which

102



Hit optimization of benzimidazoles towards highly potent BUBT inhibitors

both have an important role during mitosis. Aurora A participates in centrosome maturation,
separation and bipolar spindle assembly. Aurora B is responsible for correcting erroneous
kinetochore-microtubule attachments, contributes to SAC signaling and is involved in
cytokinesis.?>8 The binding mode of AT-9283 in Aurora A is shown in Figure 4.1C and
involves three hydrogen bonds between the benzimidazole-pyrazole scaffold and amide
backbones of hinge amino acids Glu211 and Ala213.2? In addition, the urea linker adopts a
cis/trans configuration, which causes the cyclopropyl group to bind in the front pocket of
Aurora A. The gatekeeper residue of Aurora A, Leu210, is relatively large and thereby hinders
access to its back pocket (Figure 4.1C). In contrast, BUB1 has a small gatekeeper residue
(Gly866) and this feature can be exploited by inhibitors to target its back pocket (Figure 4.1B),
which will contribute to their selectivity for BUB1. In this chapter, the structure-activity
relationship (SAR) of AT-9283 (1) on BUB1 kinase activity was systematically investigated by
changing its molecular structure. This resulted in the discovery of novel and highly potent
BUB1 inhibitors.

A F O o
N O

BAY 1816032 AT-9283 (1)

~
Back pocket \

Figure 4.1 | (A) Chemical structures of BAY1816032 and AT-9283 (1). (B) Crystal structure of BAY1816032 bound to BUB1
(PDB code: 6F7B).° (C) Crystal structure of AT-9283 bound to Aurora A (PDB code: 2W1G).?? Hydrogen bonds are indicated
by dashed lines.

Results & Discussion

Biochemical evaluation of structural analogues 2 — 60 of AT-9283

To study the structure-activity relationship (SAR) of AT-9283 (1), analogues 2 — 60 were
synthesized by employing different synthetic routes (see Experimental section). Compounds
2 — 60 were subsequently evaluated in a biochemical fluorescence polarization assay to
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determine the half maximal inhibitory concentrations (ICso) as described in Chapter 2. The
data are reported in Table 4.1 — Table 4.6 and activities are expressed as plCso + SEM (N=2,
n=2).

To tune the activity towards BUB1 and to dial out potency for Aurora A, the cyclopropyl urea
of 1 was replaced with a 2-chloro-4-aminopyrimidine as bioisoster, in which the chlorine was
hypothesized to be oriented towards the back pocket of BUB1 and functioned as a synthetic
handle to introduce substituents. Surprisingly, synthetic intermediate 2-chloropyrimidine 2
already showed a 3-fold increase in potency compared to compound 1 (Table 4.1). A
disjunctive approach was applied to identify essential functional groups that constitute the
pharmacophore of compound 2. Removal of the morpholine (3) reduced potency 2.5-fold,
which suggested that the morpholine does not only act as a solubilizer, but may also have
important interactions with BUB1. Substituting the benzimidazole of 3 for a phenyl amide (4)
was not tolerated and reduced potency over 30-fold. Methyl amide 5 further reduced
potency and similarly, compound 6, which completely lacked the benzimidazole was inactive.
Overall, the benzimidazole was found to be crucial for activity, probably due to hydrogen
bond formation between the benzimidazole -NH and the hinge region of BUB1 and also the
morpholine contributed to the potency.

The SAR of the 2-chloropyrimidine in 3 was systematically investigated by evaluation of
compound 7 — 14 (Table 4.2). Removal of the chlorine (7), one (8, 9) or two nitrogens (10)
of the pyrimidine moiety significantly reduced the potency or led to a completely inactive
compound. Addition of an extra chlorine at the 5-position (12), but not at the 6-position
(11), was tolerated. Introducing electron donating groups at the 5-position, such as a methyl
(13) or methoxy group (14), significantly increased potency. Altogether, this suggested that
the 2-chloropyrimidine substituent has favorable hydrophobic interactions with the back
pocket, the pyrimidine nitrogens may form hydrogen bond interactions and the pyrimidine
ring could form pi-pi or pi-sigma interactions with for example amino acids present in the
B-strands 1-3.
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Table 4.1 | Half maximal inhibitory concentrations (expressed as plCso = SEM) of 1 — 6 determined by a fluorescence

polarization assay on BUBT kinase activity (N=2, n=2).

app'K b S d e
ID Structure plCso + SEM (nM)* cLogP LipE tPSA MW
n
A 0
HN [ j
N
1 o7 6.66+002 77 04 6.7 102 381
HN-N H
(0]
il .
PSR
i~ N
2 C7 N NH N 713001 26 16 5.9 98 411
// 4
HN-N u
N
)‘\ =
Cl N NH
3 MN 673+003 66 2.1 5.1 86 312
5o
HN—-N H
L
)‘\ =
4 cm N NH o 523+004 2070 19 38 90 315
A
Hn-n N
L
).\ Z
5 o NTONH o <5 - 02 - 90 253
7
/i N—
HN—-N H
L
)‘\ =
6 I~ "N" "NH <5 - 07 - 61 196
7
/
HN—-N

2 Apparent K; ; ® cLogP, calculated by DataWarrior (v.5.2.1); ¢ Lipophilic efficiency, defined as LipE = app. pK; — cLogP;

4 Topological polar surface area (A?), calculated by Chemdraw (v.19.1); ¢ Molecular weight (g/mol).
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Table 4.2 | Half maximal inhibitory concentrations (expressed as plCso + SEM) of 7 — 14 determined by a fluorescence
polarization assay on BUBT kinase activity (N=2, n=2).

R.
NH
o
tate
HN-N
ID R= plCso + SEM app- K cLogP®  LipE*
) (nM)?
6
N5
3 PPy 6.73 £ 0.03 66 2.1 5.1
Cl72 N3
N
7 lN/ 587 £004 474 1.2 5.1
NTX
8 N L 571 + 0.03 685 2.1 40
X
9 . 520+ 003 2228 25 3.2
Cl N
10 /©\/ <5 - 3.0 -
Cl
Cl
1 l ~ 561+ 0.07 865 2.8 33
N
N Cl
12 . 6.56 + 0.02 9 2.7 44
Cl N
NTX
13 L 7.60 + 0.02 9 24 5.6
Cl N
|
NES
14 i 7.52 + 0.01 11 2.0 6.0
cI” N7

2 Apparent K; ; ® cLogP, calculated by DataWarrior (v.5.2.1);  Lipophilic efficiency,
defined as LipE = app. pK; — cLogP.

To explore the size of the back pocket, the activity of compounds 15 — 25 (Table 4.3) was
evaluated. Substitution of the chlorine with an acetylene (15) retained potency, whereas
substitution with a larger phenyl ring (16) reduced potency about 3-fold. Compounds with a
phenoxy (17) or benzyloxy (18) group were tolerated, but not with a phenethyloxy group
(19), which suggested that a flexible ether linker is allowed, but that its length should not be
too large. Substituting phenoxy analogue 17 with a chlorine on the ortho-, meta- or para-
position (23 — 25) further reduced potency. Similarly, replacing the chlorine of 2 with small
heteroaryl groups, such as pyrazole (20) or thiophenes (21, 22) showed on average a 10-fold
decrease in potency as well.
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Table 4.3 | Half maximal inhibitory concentrations (expressed as plCsy + SEM) of 15 — 25 determined by a fluorescence
polarization assay on BUBT kinase activity (N=2, n=2).

v Q)

app. K . ]
ID R= pICso £ SEM clogP® LipE*  tPSAY MW
(nMy’
2 oA 713£001 26 16 59 98 411
15 A 696+003 39 08 66 98 400
16 @A 661£004 8 24 46 98 453
17 @ 5, 645001 125 26 43 107 469
O
18 @A N eamsooe 18 25 43 07 483
19 ©\A S S67:002 758 29 32 107 497
O
20 Cry}‘ 608+003 204 06 59 114 442
=N
21 Sﬁ)\ 628+002 184 22 45 98 459
22 S 611£002 272 25 41 98 459
23 o\ 601£002 347 32 33 107 503

Cl
24 Q BN 6.18 £ 0.02 234 32 35 107 503
Cl O

Cl
25 \©\ bY 6.09 + 0.03 289 32 34 107 503
(6]

2 Apparent K; ; ® cLogP, calculated by DataWarrior (v.5.2.1); < Lipophilic efficiency, defined as LipE =

app. pK; — cLogP; ¢ Topological polar surface area (A%, calculated by Chemdraw (v.19.1); ¢ Molecular
weight (g/mol).

Based on the activity of phenylpyrimidine 16 (Table 4.3), a series of substituted
phenylpyrimidines (26 — 43) was explored (Table 4.4). For synthetic reasons, this series was
initially based on the scaffold lacking the morpholine group. Compared to 16, unsubstituted
phenyl 26 showed a 5-fold decrease in potency upon removal of the morpholine.
Substituting the phenyl ring with either electron withdrawing or electron donating groups at
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the para position (27 — 30) further decreased the potency. The presence of small lipophilic
groups at the ortho (31, 32) or meta position (34, 35) retained or gained potency,
respectively, whereas compounds with a methoxy-substituent at the ortho (33) or meta (36)
position lost or retained potency, respectively. A meta-pyridyl (37) was also not allowed and
neither a larger lipophilic isopropyl-substituent (38) or a 3,5-dichloro-substitution (39) were

tolerated. In addition, introduction of fused rings (40 — 43) did not improve potency.

Table 4.4 | Half maximal inhibitory concentrations (expressed as plCso + SEM) of 26 — 43 determined by a fluorescence

polarization assay on BUBT kinase activity (N=2, n=2).

HN-N
app. Ki app. Ki
ID R = ICso + SEM ID R= Ic
plCso (nM)? plCso (M)’
[¢]]
26 591+003 435 35 6.37 + 0.05 151
/O
27 5.74 + 0.05 643 36 6.08 + 0.07 290
28 Q)\ 554+003 1016 37 N <5 -
\O 7
29 /@A 519005 2306 38 )\Q)‘ 508 £ 004 2923
Cl
Cl
30 Q)\ <5 - 39 <5 -
F Cl
31 é)‘ 599+003 362 40 598+002 370
Cl / NH
32 @/\ 6.05 + 0.02 314 41 <5 -
~o N=
HN
33 @A 5.59 + 0.03 908 42 b) 564 + 0.04 809
34 \©)\ 6.32 + 0.03 167 43 521+006 2182

@ Apparent K;
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Next, meta-substituents were further explored and introduced to the original benzimidazole-
morpholine scaffold (44 — 50, Table 4.5). Substituting phenyl 16 with a chlorine (44) or
acetylene (45) at position 3, significantly increased the potency. Strong electron withdrawing
groups at this position (46, 47) resulted in a substantial drop in activity. Introduction of an
additional fluorine at position 2 in compound 48 or 49 increased the potency 10-fold,
thereby providing single digit nanomolar potent inhibitors. Of note, changing the position
of the fluorine to position 6 (50) boosted potency even further with a 25-fold increase
compared to 16.

Table 4.5 | Half maximal inhibitory concentrations (expressed as plCsy + SEM) of 44 — 50 determined by a fluorescence
polarization assay on BUBT kinase activity (N=2, n=2).

[»! ()

app. Ki .
ID R= pICso + SEM clogP® LipEc tPSA® MWe
(nM)?
2
3
16 ©{\ 6.61 + 0.04 86 24 46 98 453
4 7 6
Cl
44 7.08 + 0.02 29 3.0 45 98 487
AN
45 7.57 + 0.01 10 25 5.5 98 477
F3C
46 603+003 329 33 32 98 521
NC
47 624+002 201 23 44 122 478
F
48 C'\@/\ 7.63 + 0.02 8 3.1 49 98 505
F
X
49 7.89 + 0.01 5 26 5.7 98 495
Cl
50 8.03 + 0.01 3 3.1 5.4 98 505
F

2 Apparent K; ; ® cLogP, calculated by DataWarrior (v.5.2.1); ¢ Lipophilic efficiency, defined as LipE =
app. pK; — cLogP; ¢ Topological polar surface area (A?), calculated by Chemdraw (v.19.1); © Molecular
weight (g/mol).
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Finally, a series of compounds (51 — 60, Table 4.6) with mono-, di- and trisubstituted phenyl
groups was investigated on the 5-methoxypyrimidine moiety, since this was the most potent
scaffold (based on Table 4.2 and Table 4.5). Compounds 51 — 57 showed a 2- to 10-fold
increased potency compared to their corresponding analogues 44 — 50. Compounds with a
trifluoromethyl or nitril at position 3 (53, 54) showed the lowest activity among this series,
which may be attributed to their strong electron withdrawing property. Potencies of
molecules with chlorine (51) or acetylene (52) at position 3 were high and could be further
increased by introducing a fluorine at position 6 (57, 58), but not at position 2 (55, 56).
Accordingly, the activities of difluorophenyl substituted 59 and 60 were similar to
monofluorophenyl substituted 57 and 58, respectively. Of note, the most active compounds
identified here (57 — 60) showed activities near the detection limit (pICso of 8.79) of the
biochemical assay. Overall, this series of substituted phenyl-5-methoxypyrimidines showed
several inhibitors with plCsg values near 8 or higher and compound 58 was the most potent
inhibitor in this study.

Crystal structure of 58 bound to BUB1

To investigate the binding mode of 58, the crystal structure of this inhibitor bound to the
kinase domain of human BUB1 was determined at 2.1 A resolution. The inhibitor was well
defined by the electron density (Figure 4.2A). Compound 58 binds in the ATP-pocket of
BUB1 and interacts with the hinge region via multiple hydrogen bonds. The benzimidazole
forms a hydrogen bond with the backbone carbonyl of hinge amino acid Tyr869 and
hydrophobic interactions were observed with the side chains of Leu793 and 1l€924 (Figure
4.2B). Two more hydrogen bonds are formed between the pyrazole and hinge residues
Tyr869 and Glu867. In addition, the hydrophobic side chains of Val819 and 11924 interact
with the pyrazole. The amine between the pyrazole and pyrimidine forms an intramolecular
hydrogen bond with the benzimidazole nitrogen which favors the planar conformation of
the molecule. The pyrimidine is sandwiched between the hydrophobic side chains of 11945
and Val801 and the N1 nitrogen forms a water-mediated hydrogen bond with Lys821. The
substituted phenyl ring occupies the so called gate area®® which is located between residues
of the DFG-motif (DLG in BUB1), the conserved lysine in B-sheet 3 (Lys821) and the
gatekeeper residue (Gly866). The phenyl ring interacts with several residues in close proximity
to this area, such as Lys821, Met850 and Phe852. Due to the small size of BUB1's gatekeeper
residue (Gly866), a small pocket is available which is occupied by the acetylene moiety
(Figure 4.2D). This allows for non-polar interactions with Val819, Lys821, Met850, Phe852
and Leu864 and explains the potency increase upon substituting the phenyl ring with this
acetylene. The fluorine interacts with aforementioned water molecule, the -NH of DLG-
Asp946 as well as with the alkyl side chain of 11e945. To classify 58 to a specific type of kinase
inhibitor, the regulatory (R) spine was inspected, which is a spatial motif that consist of four
non-consecutive hydrophobic residues.?® Previous crystallography studies of ADP bound to
BUB1's kinase domain revealed that both unphosphorylated3' and pSer96932 BUB1 had an
assembled R-spine. This indicated that BUB1 is a constitutively active kinase.3> Compound
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58 was found to preserve this assembled R-spine upon BUB1 binding (Figure 4.2C) and can
therefore be classified as a type | inhibitor.33

Table 4.6 | Half maximal inhibitory concentrations (expressed as plCsy + SEM) of 51 — 60 determined by a fluorescence
polarization assay on BUBT kinase activity (N=2, n=2).

app. Ki :
ID R = pICso + SEM clogP® LipEc  tPSA° MWe
(nM)?
2
Ccl3
51 1 796+002 39 3.0 54 107 517
4 6
5
A
52 8374002 15 25 6.2 107 507
F,C
53 6.80 + 0.03 55 32 40 107 551
NC
54 724004 20 22 5.5 131 508
F
55 C'\ij)\ 798+002 37 3.1 53 107 535
F
A
56 834+002 16 26 6.1 107 525
Cl
57 857+002 094 3.1 5.9 107 535
F
A
58 868+002 074 26 6.4 107 525
F
F
Cl
59 \ij\)\ 862+003 084 32 5.8 107 553
F
F
A
60 864+002 080 27 6.3 107 543
F

2 Apparent K; ; ® cLogP, calculated by DataWarrior (v.5.2.1); ¢ Lipophilic efficiency, defined as LipE =
app. pK; — cLogP; ¢ Topological polar surface area (A?), calculated by Chemdraw (v.19.1); © Molecular
weight (g/mol).
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Figure 4.2 | Crystal structure of 58 bound to the kinase domain of human BUB1. (A) 2mF,-DF. electron density map
of 58 contoured at 1.0 0. (B) Crystal structure of 58 bound to BUB1. Hydrogen bonds are visualized by dashed lines (yellow)
and a water molecule is represented by small sticks. B-sheets 1-3 are semi-transparent for visualization purposes.
(C) Representation of the surface around the R-spine amino acids of BUB1 reveals an intact R-spine. (D) Representation of
the surface around amino acids within 8 A from 58.

Conclusion

In this chapter, the structure-activity relationship of AT-9283 (1) on BUB1 kinase inhibition
was investigated by the synthesis and biochemical evaluation of 59 analogues based on its
structure. Replacement of the cyclopropyl urea of AT-9283 (1) by a 2-chloro-4-
aminopyrimidine (compound 2) increased potency. The benzimidazole moiety was found to
be crucial for activity and forms a hydrogen bond with the backbone of hinge amino acid
Tyr869 of BUB1. In addition, the N1 nitrogen of the pyrimidine ring was crucial for activity
and forms a water-mediated hydrogen bond with the side chain of Lys821. Substituting the
chlorine of the 2-chloro-4-aminopyrimidine 2 with a phenyl ring and optimization of its
substitution pattern increased potency significantly. Overall, five compounds (56 — 60)
matched or exceeded the activity of BAY1816032. Among these compounds, 58 was the
most active BUB1 inhibitor found in this study and a crystal structure of this molecule
revealed that 58 can be classified as a type | inhibitor.>®> A summary of the activities and
physicochemical properties of compound 58, AT-9283 (1) and BAY1816032 is shown in Table
4.7. Compound 58 is 100-fold more active compared to original hit 1. Compound 58 showed
excellent activity (apparent K; = 0.74 nM) and favorable physicochemical properties (cLogP
= 2.6, LipE = 6.4, tPSA = 107 A2 which are in a similar range or better than the published®
BUB1 inhibitor BAY1816032.
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Table 4.7 | Properties of initial hit 1, BAY1816032 and optimized hit 58.

= app- K b inEC d e
ID R = plCso + SEM (nM)* cLogP® LipE¢ tPSA MW
n

w0

1 N 6.66 + 0.02 77 0.4 6.7 102 381
HN-N N
BAY- N N
) 7N\ 834+003 16 29 58 113 535
1816032 N o
7

|
e NSO 8
58 NN 868+002 074 26 64 107 525
HN-N N

2 Apparent K; ; ® cLogP, calculated by DataWarrior (v.5.2.1); ¢ Lipophilic efficiency, defined as LipE = app. pK; — cLogP;
4 Topological polar surface area (A?), calculated by Chemdraw (v.19.1); ¢ Molecular weight (g/mol).
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Experimental — Biochemistry

Biochemical evaluation of BUB1 inhibitors

Assays were performed in 384-well plates (Greiner, black, flat bottom, 781076) by sequential addition
(final concentrations are indicated) of inhibitor (5 uL, 0.3 nM =1 uyM or 3 nM - 10 uM), BUB1/BUB3 (5
yL, 3.26 nM, Carna Biosciences (05-187), lot: 15CBS-0644 D), ATP (5 pL, 15 uM) and BUB1/BUB3 substrate
(5 pL, 75 nM, Carna Biosciences (05-187MSSU)), all as 4x working solutions. The final concentration of
DMSO was 1%. Assay reactions were stopped by addition of IMAP progressive binding reagent (20 L,
1200x diluted (see below), Molecular Devices (R8155), lot: 3117896). Each assay included the following
controls: (i) a background control (treated with vehicle instead of inhibitor and BUB1/BUB3 substrate),
(i) MIN controls (treated with 5 uM BAY1816032 (MedChem Express) as inhibitor, defined as 0% BUB1
activity) and (i) MAX controls (treated with vehicle instead of inhibitor, defined as 100% BUB1 activity).
All inhibitors were tested in two separate assays and all inhibitor concentrations were tested in duplicate
per assay (N=2, n=2).

For each assay, assay buffer (AB) was freshly prepared and consisted of 20 mM HEPES (prepared by
diluting 1 M HEPES, pH 7.2), 5 mM MgClz, 0.01% (v/v) Tween-20 and 1 mM DTT. Stocks of inhibitors (in
DMSO) were diluted in AB to obtain 4x working solutions (4% DMSO) and 5 pL was added to the assay
plate. BUB1/BUB3 (3.26 uM (486 pg/mL) in storage buffer) was diluted in AB to obtain 13.0 nM of which
5 pL was added to all wells of the assay plate. The assay plate was centrifuged (1 min, 200 g) and
incubated at RT for 30 min. ATP (4 mM in MilliQ) was diluted in AB to obtain 60 uM of which 5 pL was
added to each well. BUB1/BUB3 substrate (1 mM) was diluted in 20 mM HEPES (prepared by diluting 1
M HEPES (pH 7.2) in MilliQ) to obtain 80 uM (this solution was freshly prepared every assay) and further
diluted in AB to obtain 300 nM after which 5 pL was added to each well of the assay plate except for
background control wells. The assay plate was centrifuged (1 min, 200 g) and incubated at RT in the dark
for 180 min. IMAP progressive binding buffer A (5x) and IMAP progressive binding buffer B (5x) were
mixed in a ratio to obtain 30% buffer A and 70% buffer B, which was subsequently diluted 5x in MilliQ.
IMAP progressive binding reagent was diluted 600x in aforementioned mixture of buffer A and B (to
obtain a 2x working solution) of which 20 pL was added to each well of the assay plate. The assay plate
was centrifuged (1 min, 200 g) and incubated at RT in the dark for 90 min. Fluorescence polarization was
measured on a CLARIOstar plate reader using the following settings: (i) optic settings — excitation = F:
482-16, dichroic = F: LP 504, emission = F: 530-40, (ii) optic = top optic, (iii) speed/precision = maximum
precision, (iv) focus adjustment was performed for every assay and (v) gain adjustment was done by
setting the target mP value to 35 mP for one of the MIN control wells. Data was normalized between
MIN and MAX controls and data was plotted using GraphPad Prism 8.0 using “Nonlinear regression
(curve fit)" and "log(inhibitor) vs. normalized response — Variable slope” to determine plCso values. The
Cheng-Prusoff equation was used to calculate Ki values using 8.13 uM as the apparent Kv of ATP
(determined as described in the experimental section of Chapter 2).

Protein production

The synthetic construct for BUB1, spanning the residues 725-1085, was ordered from GeneArt (Thermo
Fisher). The construct was subcloned in pET-NKI-His-3C-LIC vector®* for expression in Sf9 cells.
Recombinant bacmid for transfection was generated according to the protocols in the Invitrogen manual
(Bac-to-Bac® Baculovirus Expression Systems). For expression, 3 L of Sf9 cells were transfected with the
P1 virus. The cultures were grown at 27°C for 72 hours. Cells were harvested by centrifugation at 1200 g
for 10 min and pellets were stored at -20°C. All the steps of the protein purification were carried out at
4 °C. The cell pellet was resuspended in lysis buffer (40 mM HEPES (pH 7.5), 500 mM NaCl, 1 mM TCEP)
supplemented with protease inhibitor tablet (Roche). Cells were lysed by sonication (5 sec ON/ 15 sec
OFF; 50% amplitude; 150 sec). The lysate was centrifuged at 53,000 g for 45 min. The supernatant was
incubated with 1 mL of Ni-Sepharose beads on a rotator for 1 h. The beads were washed with 50 mL of
washing buffer (40 mM HEPES (pH 7.5), 1 M NaCl, 20 mM imidazole, 1 mM TCEP). The NaCl concentration
of the beads was reduced to 100 mM by washing with buffer containing 40 mM HEPES (pH 7.5) and 1
mM TCEP and the protein was eluted with the elution buffer (40 mM HEPES (pH 7.5), 100 mM NaCl, 500
mM imidazole, 1T mM TCEP). The elution fractions containing the protein were pooled together and the
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His-tag was cleaved by incubation overnight with 3C-protease. The protein was filtered through a 0.22
um filter, the NaCl concentration was reduced to 50 mM by dilution with buffer containing 40 mM HEPES
pH 7.5 and 1 mM TCEP, and the protein was loaded on a 6 mL ResourceQ anion exchange column. The
protein eluted in the flowthrough which was concentrated and loaded onto a Superdex S75 10/300
Increase column, equilibrated with buffer containing 20 mM HEPES (pH 7.5), 150 mM NaCl and 1 mM
TCEP. Peak fractions were analyzed by SDS-PAGE, pooled together and concentrated to 14.2 mg/mL.

Crystallization, data collection, structure solution and refinement

Protein was mixed with 58 (1:2 molar ratio, protein:compound), incubated at room temperature for 5
min and briefly centrifuged before setting up the plates. Crystals were obtained in 0.1 M Tris (pH 7.0),
19% PEG 6000 and 0.2 M CaCl.. Crystals were cryoprotected in mother liquor containing 20% glycerol
before flash cooling in liquid N2. Data were collected at the MASSIF-1 beamline at the European
synchrotron radiation facility (ESRF). The structure was solved by molecular replacement using BUB1
(PDB: 6F7B)® as the search model. Molecular replacement and initial refinement was done by the
MOLREP?* program of the ccp4i2 suite®. The CIF and the PDB files for the ligands were generated from
the SMILES strings by AceDRG¥. Ligand fitting was done in Coot*® and subsequent refinement cycles
were carried out in REFMAC®. Data collection and refinement statistics are reported in Table 4.8. Figures
were generated using PyMOL“C.

Table 4.8 | Data collection and structure refinement statistics for human BUBT kinase domain-58 complex.

Data Collection?

Wavelength (A)
Resolution (A)
Space Group

Unit Cell a, b, ¢ (&)
Unit Cell o, B, y (°)

0.965

46.52-2.10 (2.16-2.10)
P2,22

50.27,59.32, 122.77
90, 90, 90

CCip 0.998 (0.536)
Rmerge 0.044 (0.572)
<l/a(l)> 16.6 (2.0)
Completeness (%) 99.3 (99.2)
Multiplicity 3.8(3.6)
Refinement

Reflections work/test (nr) 20813/1111
Atoms protein/ligand/other (nr) 2803/39/91
B-factors protein/ligand/other (A?) 50/42/48
Ruork/Reree” (%) 20.4/24.9
rmsZ bond lengths/bond angles® 0.260/0.519
Model validation

Ramachandran plot, preferred/outliers® (%) 97.3/0.0
Ramachandran Z-score¢ -0.11 + 0.50
Rotamers preferred/outliers (%)¢ 96.4/0.3
Rotamer Z-score? -1.06 + 0.52
Clashscore (%-ile) 99
MolProbity score (%-ile) 100

2 Values in parenthesis describe the highest resolution shell, ® As reported by

Refmac, ¢ As reported by MolProbity, ¢ As reported by Tortoize.
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Experimental — Chemistry

Synthetic routes

The synthesis of 2 (Scheme 4.1) started from 61, which is an intermediate for the synthesis of AT-9283
(1) and was synthesized as described in Chapter 2.2> The amines of 61 were protected by SEM groups
resulting in the formation of four separable regioisomers (Scheme 4.1). All of these regioisomers could
be used in subsequent reactions. The nitro group of 62 was reduced to an amine, which was
subsequently used for a nucleophilic aromatic substitution with 2,4-dichloropyrimidine to form 64. The
SEM groups were removed under acidic conditions and required a second reaction with ethylenediamine
to completely remove the N-hydroxymethyl intermediate*' to obtain 2. Intermediate 64 was used to
synthesize substituted pyrimidines 15 — 22 by employing series of transformations. A Sonogashira
reaction was used to introduce a TMS-protected acetylene (65). Suzuki couplings led to the formation
of phenylpyrimidine 66 and thiophenes 71 and 72. Nucleophilic aromatic substitutions were used to
synthesize 67 — 70. Corresponding deprotection methods yielded 15 — 22.

o
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Cl)\N/ NH N
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2
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|
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i E 62 R,=NO,
63 R;=NH,

O (0]

N‘/\/l\ [ ] combinations of N‘/j [ ]
)\ = N iv, v, ix, x )\ Z N

R” N7 NH P RTONTONH
N N
4 4
HN-N N N-N N

SEM  SEM

15-22 65— 72

Scheme 4.1 | Synthesis of 2 and 15 - 22. Reagents and conditions: i) SEM-CI, DIPEA, DCM, 0°C — RT, 60%. ii) 10% Pd/C,
MeOH, 72 — 99%. iii) 2,4-dichloropyrimidine, DIPEA, EtOH, 40°C, 54%. iv) TFA, DCM. v) ethylenediamine, DCM/MeOH (1:1),
50°C. vi) ethynyltrimethylsilane, EtsN, PdCl,(PPhs),, Cul, 89°C, 17%. vii) phenylboronic acid (for 66), thiophene-3-boronic
acid pinacol ester (for 71) or thiophene-2-boronic acid pinacol ester (for 72), K,COs, Pd(dppf)Cl,-DCM, dioxane/H,O (4:1),
90°C. viii) phenol (for 67), benzyl alcohol (for 68), phenethyl alcohol (for 69) or 1H-pyrazole (for 70), NaH, dioxane,
0 - 90°C, 44 — 71%. ix) TBAF, THF, RT or 80°C (sealed tube). x) HCI (in dioxane), EtOH or DCM, 50°C (sealed tube).

Next, compound 3, which lacked the morpholine group, was synthesized as depicted in Scheme 4.2.
Benzene-1,2-diamine was coupled to 4-nitro-1H-pyrazole-3-carboxylic acid and subsequently cyclized
to form benzimidazole 73. N-SEM protection resulted in the formation of two separable regioisomers
and by applying the reaction sequence as described for the synthesis of 2 (Scheme 4.1), compound 3
was obtained. Aminopyrazole 75 and chloropyrimidine 76 were used for the synthesis of a small library
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of analogues (7 — 14 and 26 — 43, respectively). Synthesis of 7 — 14 proceeded via 77 — 84 by performing
either Buchwald-Hartwig aminations or nucleophilic aromatic substitutions with 75 followed by SEM
deprotection. For the synthesis of 26 — 43, Suzuki couplings with 76 provided intermediates 85 — 102
and subsequent SEM deprotection afforded the desired products.

Compound 4 and 5, in which the benzimidazole was substituted by amides, were synthesized as depicted
in Scheme 4.3 and started with esterification of 4-nitro-1H-pyrazole-3-carboxylic to obtain 103. N-SEM
protection and subsequent SEM-switch procedure®® led to the formation of one SEM-protected
regioisomer (104). Nitro reduction and nucleophilic aromatic substitution formed chloropyrimidine 106.
Mild ester hydrolysis®® resulted in the formation of 107 of which the carboxylic acid was coupled to
different amines to form 4 and 5 after SEM deprotection. A part of this reaction sequence was performed
to synthesize compound 6 (Scheme 4.4), which completely lacked the benzimidazole.

NO,
HZND i i MN]@ iv
—_— 72 ) y e
HoN N-N N
Ry Ry ]

R.

NH, NH
N viii or ix N
// % —_— // v
N-N N N-N N
SEM SEM

EM SEM
iii[ 73 Ry=H 75 77-84
74 R,=SEM
+ regioisomer v Vi, Vii
or
Vi, X, vii
it it
| |
)\N/ NH i Cl)\N/ NH R-NH
N - N N
0 0 A4
N-N N N-N N HN*I\/J N
SEM SEM SEM SEM H
85102 76 7-14

lvi or__xii, l\/i’ vii
vii
NTX
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(S%N
igtl
_ N
HN-N N
3

Scheme 4.2 | Synthesis of 3, 7 — 14 and 26 - 43. Reagents and conditions: i) 4-nitro-1H-pyrazole-3-carboxylic acid,
EDC-HCI, HOBt, DMF. ii) AcOH, 118°C, 70%. iii) SEM-CI, DIPEA, DCM, 0°C — RT, 81%. iv) 10% Pd/C, MeOH, 95%.
v) 2,4-dichloropyrimidine, DIPEA, EtOH, 40°C, 74%. vi) TFA, DCM. vii) ethylenediamine, DCM/MeOH (1:1), RT or 50°C,
20% — quant. viii) corresponding (hetero)aryl halide, xantphos, Cs,COs, Pd(OAc),, DMF, 90°C, 34 — 76%. ix) corresponding
chloropyrimidine, DIPEA, EtOH, 40°C or 50°C, 45 — 63%. x) HCl (aq.), MeOH. xi) corresponding boronic acid (pinacol ester),
K>CO;, Pd(dppf)Cl,-DCM, dioxane/H20 (4:1), 90°C, 18 — 92%. xii) TBAF, THF, 80°C (sealed tube).
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Scheme 4.3 | Synthesis of 4 and 5. Reagents and conditions: i) SOCl,, EtOH, 0°C — RT, 96%. ii) SEM-CI, DIPEA, DCM,
0°C—-RT. iii) SEM-CI (5 mol%), MeCN, 95°C, microwave irradiation, 83%. iv) 10% Pd/C, EtOH, 99%.
v) 2,4-dichloropyrimidine, DIPEA, EtOH, 70°C, 90%. vi) Et;N, LiBr, MeCN/H20 (50:1), quant. vii) aniline (for 108) or
methylamine (33 wt. % in EtOH, for 109), EDC-HCI, DCM, 58 — 75%. viii) TFA, DCM. ix) ethylenediamine, DCM/MeOH (1:1),
50°C, 46 — 52%.

NO, NO, ) NH, clI” NTNH | Cl)'\N/ "
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SEM SEM SEM HN-N
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Scheme 4.4 | Synthesis of 6. Reagents and conditions: i) SEM-CI, DIPEA, DCM, 0°C - RT, quant. ii) 10% Pd/C, MeOH, 82%.
iii) 2,4-dichloropyrimidine, DIPEA, EtOH, 64%. iv) TFA, DCM, 86%.

Alternatively to the synthetic route as depicted in Scheme 4.1, a small library of analogues (23 - 25 and
44 - 58) containing the morpholine group was synthesized according to Scheme 4.5. The ester of 104
(synthesized as depicted in Scheme 4.3) was saponified, coupled to 4-(morpholinomethyl)benzene-1,2-
diamine (synthesized as described in Chapter 2) and cyclized to form benzimidazole 113. Nitro reduction
and subsequent nucleophilic aromatic substitution with either 2,4-dichloropyrimidine or 2,4-dichloro-5-
methoxypyrimidine yielded 115 and 126, respectively. From these two intermediates, either Suzuki
couplings or nucleophilic aromatic substitutions were performed to obtain substituted pyrimidines. Of
these substituted pyrimidines, 3-chlorophenyl analogues 123, 127, 131 and 133 were also subjected to
a Stille coupling to transform the chlorine into a TMS protected acetylene to form 124, 128, 132 and
134445 SEM or TMS and SEM group deprotection of intermediates 116 — 125 and 127 - 134 resulted
in the formation of 23 — 25 and 44 - 58. Synthesis of 59 and 60 was performed according to Scheme
4.6 and started from 105 (synthesized as depicted in Scheme 4.3) to which a 2-chloro-5-
methoxypyrimidine was introduced. Subsequent coupling of the chloro-difluorophenyl proved to be
challenging due to deboronation of the boronic acid and therefore required different Suzuki coupling
conditions*® to yield 137. Analogous to the synthetic route as depicted in Scheme 4.5, compound 59
and 60 were subsequently obtained.
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Scheme 4.5 | Synthesis of 23 - 25 and 44 - 58. Reagents and conditions: i) LIOH, MeOH/H20 (1:1).
i) 4-(morpholinomethyl)benzene-1,2-diamine (synthesized in Chapter 2, compound 28), EDC-HCI, HOBt, DMF. iii) AcOH,
118°C, 58%. iv) 10% Pd/C, MeOH, 97%. v) 2,4-dichloropyrimidine (for 115) or 2,4-dichloro-5-methoxypyrimidine (for 126),
DIPEA, EtOH, RT or 40°C, 66 — 70%. vi) corresponding boronic acid (pinacol ester), K,COs, Pd(dppf)Cl,-DCM, dioxane/H20
(4:1), 90°C, 28 — 82%. vii) 2-chlorophenol (for 116), 3-chlorophenol (for 117) or 4-chlorophenol (for 118), K,COs, dioxane,
120°C (sealed tube), 81 — 91%. vii) TFA, DCM. ix) ethylenediamine, DCM/MeOH (1:1), RT or 50°C, 44 — 90%.
x) trimethyl((tributylstannyl)ethynyl)silane, XPhos, Pd,(dba)s, THF, 135°C (sealed tube), 78 — 96%. xi) TBAF, THF.
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Scheme 4.6 | Synthesis of 59 and 60. Reagents and conditions: i) 2,4-dichloro-5-methoxypyrimidine, DIPEA, EtOH, 50°C,
78%. ii) (3-chloro-2,6-difluorophenyl)boronic acid, K;COs, XPhos Pd G2, THF/H20 (1:2). iii) LiOH, MeOH/H20 (1:1), DCM,
65°C. iv) 4-(morpholinomethyl)benzene-1,2-diamine (synthesized in Chapter 2, compound 28), EDC-HCI, HOBt, DMF.
v) AcOH, 118°C, 9% over two steps. vi) TFA, DCM. vii) ethylenediamine, DCM/MeOH (1:1), 88 - 95%.
viii) trimethyl((tributylstannyl)ethynyl)silane, XPhos, Pd,(dba)s, THF, 135°C (sealed tube), quant. ix) TBAF, THF.

General procedures

All reagents were purchased from chemical suppliers (Fluorochem, Sigma-Aldrich, Merck, Fisher
Scientific) and used without further purification. Solvents (Honeywell, VWR, Biosolve) indicated with “dry”
were stored on activated 3 A (EtOH) or 4 A (other solvents) molecular sieves (8 to 12 mesh, Acros
Organics). Solvents indicated by “degassed” were sonicated while bubbling N2 through the solvent for
20 min. All reactions were performed at room temperature (RT) under a nitrogen atmosphere, unless
stated otherwise. Microwave reactions were performed in a Biotage Initiator+ reactor. Reactions were
monitored by thin layer chromatography (TLC, silica gel 60, UV2ss, Macherey-Nagel, ref: 818333) and
compounds were visualized by UV absorption (254 nm and/or 366 nm) or spray reagent (permanganate
(5 g/L KMnOQs, 25 g/L K2COs3)) followed by heating. Alternatively, reactions were monitored by liquid
chromatography-mass spectrometry (LCMS), either on a Thermo Finnigan (Thermo Finnigan LCQ
Advantage MAX ion-trap mass spectrometer (ESI+) coupled to a Surveyor HPLC system (Thermo
Finnigan) equipped with a Nucleodur C18 Gravity column (50x4.6 mm, 3 um particle size, Macherey-
Nagel)) or a Thermo Fleet (Thermo LCQ Fleet ion-trap mass spectrometer (ESI+) coupled to a Vanquish
UHPLC system). LCMS eluent consisted of MeCN in 0.1% TFA (ag.) and LCMS methods were as follows:
0.5 min cleaning with starting gradient, 8 min using specified gradient (linear), 2 min cleaning with 90%
MeCN in 0.1% TFA (aq.). LCMS data is reported as follows: instrument (Finnigan or Fleet), gradient (%
MeCN in 0.1% TFA (aq.)), retention time (t;) and mass (as m/z: [M+H]"). Purity of final compounds was
determined to be > 95% by integrating UV intensity of spectra generated by either of the LCMS
instruments. 'H and "3C NMR spectra were recorded on a Bruker AV300 (300 and 75 MHz, respectively),
Bruker AV400 (400 and 101 MHz, respectively), Bruker AV500 (500 and 126 MHz, respectively) or Bruker
AV600 (600 and 150 MHz, respectively) NMR spectrometer. NMR samples were prepared in deuterated
chloroform, methanol or DMSO. Chemical shifts are given in ppm (8) relative to residual protonated
solvent signals (CDClz —» & 7.260 ('H), & 77.160 ("*C), MeOD — & 3.310 ('H), & 49.000 (*C), DMSO - &
2.500 (*H), 6 39.520 (3C)). Data was processed by using MestReNova (v. 14) and is reported as follows:
chemical shift (8), multiplicity, coupling constant (J in Hz) and integration. Multiplicities are abbreviated
as follows: s = singlet, br s = broad singlet, d = doublet, dd = doublet of doublets, ddd = doublet of
doublet of doublets, td = triplet of doublets, t = triplet, dt = doublet of triplets, g = quartet, hept =
heptet, m = multiplet, br m = broad multiplet. For some molecules about 1:1 rotamer and/or tautomer
peaks were observed, resulting in extra splitting of peaks. For these compounds, chemical shifts were
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reported as ranges and multiplicity was denoted by “2x", followed by the multiplicities specified above
(i.e. 2x d = twice a doublet). The reported coupling constant corresponds to either of the multiplet peaks
(of note, coupling constants were the same for both multiplet peaks). Purification was done either by
manual silica gel column chromatography (using 40-63 pm, 60 A silica gel, Macherey-Nagel) or
automated flash column chromatography on a Biotage Isolera machine (using pre-packed cartridges
with 40-63 pm, 60 A silica gel (4, 12, 25 or 40 g), Screening Devices). High-performance liquid
chromatography (HPLC) purifications were performed on either an Agilent 1200 preparative HPLC
system (equipped with a Gemini C18 column (250x10 mm, 5 pm particle size, Phenomenex) coupled to
a 6130 quadrupole mass spectrometer) or a Waters Acquity UPLC system (equipped with a Gemini C18
column (150x21 mm, 5 um particle size, Phenomenex) coupled to a SQ mass spectrometer). Specified
gradients for HPLC purifications (MeCN in 0.2% TFA (aq.)) were linear (5 mL/min for 12 min (Agilent) or
25 mL/min for 10 min (Waters)). High resolution mass spectrometry (HRMS) spectra were recorded
through direct injection of a 1 pM sample either on a Thermo Scientific Q Exactive Orbitrap equipped
with an electrospray ion source in positive mode coupled to an Ultimate 3000 system (source voltage =
3.5 kV, capillary temperature = 275 °C, resolution R = 240,000 at m/z 400, external lock, mass range m/z
= 150-2000) or on a Synapt G2-Si high definition mass spectrometer (Waters) equipped with an
electrospray ion source in positive mode (ESI-TOF) coupled to a NanoEquity system with Leu-enkephalin
(m/z = 556.2771) as internal lock mass. The eluent for HRMS measurements consisted of a 1:1 (v/v)
mixture of MeCN in 0.1% formic acid (ag.) using a flow of 25 mL/min. Compound names were generated
by ChemDraw (v. 19.1.21).

General procedure A — SEM deprotection

SEM-protected amine starting material was dissolved in DCM (2 mL) after which TFA (2 mL) was added
dropwise. The mixture was stirred for the indicated time and subsequently concentrated under a flow of
Na2. The mixture was suspended in EtOAc (25 mL) and poured into 1 M NaHCOs (aq.) (20 mL). The organic
layer was separated and the water layer extracted with EtOAc (1 or 2x25 mL). The combined organic
layers were concentrated as such, suspended/dissolved in 1:1 MeOH/DCM (2 mL) and transferred to a
microwave vial. Ethylenediamine (50 uL, 746 pmol) was added after which the vial was sealed and the
mixture was stirred at 50°C for 30 — 60 min. The mixture was poured into H20O (20 mL) and when required,
brine (0.5 — 1 mL) was added, and the product extracted with EtOAc (2x20 mL). The combined organic
layers were concentrated as such. Purification was performed as indicated.

General procedure B — SEM deprotection

SEM-protected amine starting material was dissolved in DCM (0.5 mL) after which TFA (0.5 mL) was
added dropwise. The mixture was stirred for the indicated time and subsequently quenched by addition
of sat. NaHCOs (aq.) (20 mL). The product was extracted with EtOAc (2x20 mL) and the combined organic
layers were concentrated as such. The mixture was suspended/dissolved in 1:1 MeOH/DCM (3 mL) and
ethylenediamine (50 uL, 746 pmol) was added after which the mixture was stirred for 1 h. The mixture
was poured into H20 (20 mL) and when required, brine (1 mL) was added, and the product extracted
with EtOAc (2x20 mL). The combined organic layers were concentrated as such. Purification was
performed as indicated.

General procedure C — SEM deprotection

A microwave vial was charged with SEM-protected amine starting material dissolved in DCM (£ 0.2 M)
after which HCI (4 M in dioxane, 24 eq.) was added and the vial was sealed. The mixture was stirred at
50°C for the indicated time and subsequently concentrated. The mixture was dissolved in CHCl3 (20 mL)
and poured into 1 M NaHCO:s (aq.) (20 mL). The organic layer was separated and the water layer extracted
with CHCl3 (20 mL). The combined organic layers were concentrated as such and purified as indicated.

General procedure D — TMS and SEM deprotection

TMS- and SEM-protected starting material was dissolved in TBAF (1 M in THF, 0.5 mL) and the mixture
was stirred for 1.5 h. The mixture was poured into H20 (20 mL) and brine (1 mL), and the intermediate
extracted with EtOAc (2x15 mL). The combined organic layers were concentrated as such. The
intermediate was dissolved in DCM (0.5 mL) after which TFA (0.5 mL) was added dropwise. The mixture
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was stirred for the indicated time and subsequently quenched by addition of sat. NaHCOs (aq.) (15 mL).
The product was extracted with EtOAc (2x15 mL) and the combined organic layers were concentrated as
such. The mixture was suspended/dissolved in 1:1 MeOH/DCM (3 mL) and ethylenediamine (50 pL, 746
pumol) was added after which the mixture was stirred for 1 h. The mixture was poured into H20 (20 mL)
and when required, brine (1 mL) was added, and the product extracted with EtOAc (2x15 mL). The
combined organic layers were concentrated as such. Purification was performed as indicated.

General procedure E — Buchwald coupling

A microwave vial was charged with 75 (150 mg, 326 pmol), Cs2COs (319 mg, 979 umol), xantphos (28.3
mg, 48.9 pmol), indicated (hetero)aryl halide (359 pmol) and DMF (1.5 mL). N2 was bubbled through the
mixture for 1 min after which Pd(OAc)2 (7.3 mg, 33 pmol) was added. N2 was bubbled through the mixture
for 30 sec after which the vial was sealed and the mixture was stirred at 90°C for 16 h. The mixture was
diluted in EtOAc (15 mL) and filtered over Celite. The filtrate was diluted in EtOAc (15 mL) and poured
into H20 (30 mL) and brine (2 mL). The organic layer was isolated and the water layer extracted with
EtOAc (30 mL). The combined organic layers were washed with brine (30 mL) and concentrated as such.
Purification was performed as indicated.

General procedure F — Suzuki coupling

A microwave vial was charged with 76 (300 mg, 524 pmol), K2COs (290 mg, 2.10 mmol), corresponding
boronic acid (786 umol) and Pd(dppf)Cl-DCM (30 mg, 37 pmol) after which the vial was sealed. The tube
was evacuated and backfilled with argon (3x) via a Schlenk setup after which degassed 4:1 dioxane/H20
(2.6 mL) was added. The mixture was heated to 90°C, stirred for 16 h and subsequently poured into H.0
(30 mL). The product was extracted with EtOAc (2x30 mL) and the combined organic layers were
concentrated as such. Purification was performed as indicated.

General procedure G - Suzuki coupling

A microwave vial was charged with 2-chloropyrimidine analogue (1 eq.), K2COs (4 eq.), corresponding
boronic acid (pinacol ester) (1.02 — 1.5 eq.) and 4:1 dioxane/H20 (0.2 M). N2 was bubbled through the
mixture for 1 min after which Pd(dppf)Cl-DCM (0.07 eq.) was added. N2 was bubbled through the mixture
for 30 sec after which the vial was sealed. The mixture was heated to 90°C, stirred for indicated time and
subsequently poured into H.0 (20 mL) and when required, brine (1 mL) was added. The product was
extracted with DCM (2x20 mL) and the combined organic layers were concentrated as such. Purification
was performed as indicated.

General procedure H - Stille coupling

A microwave vial was charged with chlorophenyl analogue (1 eq.), XPhos (0.6 eq.) and Pdz(dba)s (0.15
eq.). THF (0.15 M) was added and N2 was bubbled through the mixture for 30 sec after which the vial
was sealed and trimethyl((tributylstannyl)ethynyl)silane (1.5 eq.) was added via syringe. The vial was put
into a heating block and the top of the vial was covered with cotton and aluminum foil. The mixture was
heated to 135°C and stirred for 1 h. The mixture was cooled down to RT and filtered over a pre-wetted
mixture of K2COs/silica gel (~750 mg/10 mL). Elution was done by EtOAc (10 mL) and subsequently 5%
MeOH/EtOAc (4x10 mL). Product containing fractions were concentrated and purified as indicated.

General procedure | — Nucleophilic aromatic substitution

A microwave vial was charged with 115 (90.0 mg, 166 pmol), K2CO3 (46.0 mg, 333 umol) and dry dioxane
(0.2 mL) after which corresponding phenol analogue (1.05 eq.) was added. The vial was sealed, stirred at
120°C for 16 h and subsequently poured into H2O (20 mL). The product was extracted with DCM (2x20
mL) and the combined organic layers were concentrated as such. Purification was done by automated
column chromatography (0 — 25% MeOH/DCM) to afford the product.
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1-Cyclopropyl-3-(3-(5-(morpholinomethyl)-1H-benzo[d]imidazol-2-yl)-1H-pyrazol-4-yl)urea (1)
/A o. The title compound was synthesized as described in Chapter 2 (compound 1).

e "

2-Chloro-N-(3-(5-(morpholinomethyl)-1H-benzo[d]imidazol-2-yl)-1H-pyrazol-4-yl)pyrimidin-4-
amine (2)
64 (77.0 mg, 115 pmol) was dissolved in DCM (1 mL) after which TFA (1
N7 [ ] mL) was added and the mixture was stirred for 16 h. The mixture was

Cl)‘\N/ NH concentrated under a flow of Nz, suspended in CHCl; (20 mL) and poured
. /N]ij) into sat. NaHCOs (aqg.) (20 mL). The organic layer was separated, the

N ’\/l N water layer extracted with CHCls (2x20 mL) and the combined organic

layers were concentrated as such. The crude was dissolved in 1:1

MeOH/DCM (1 mL) and transferred to a microwave vial. Ethylenediamine (50 pL, 746 umol) was added
after which the vial was sealed and the mixture was stirred at 50°C for 1 h. The mixture was poured into
H20 (20 mL) and the product extracted with CHClz (2x15 mL). The combined organic layers were
concentrated as such. The crude was purified by automated column chromatography (2 — 15%
MeOH/DCM) to afford the product (22.4 mg, 54.5 pmol, 48%). '"H NMR (500 MHz, MeOD) & 8.37 (br s,

H), 8.05 (d, J = 6.0 Hz, 1H), 7.71 = 7.42 (br m, 2H), 7.22 (d, / = 8.2 Hz, 1H), 6.86 (d, / = 5.9 Hz, 1H), 3.71 -
3.66 (m, 4H), 3.61 (s, 2H), 2.53 — 2.45 (m, 4H). *C NMR (126 MHz, MeOD) & 161.50, 156.76, 148.86, 144.09,
134.27, 132,68, 126.01, 125.62, 122.23, 121.96, 120.76, 119.16, 113.36, 112.05, 107.18, 67.71, 64.71, 54.61
(not all quaternary carbons were observed). LCMS (Fleet, 0 —» 50%): t. = 4.74 min, m/z: 411.3. HRMS
[C19H19CINgO + H]™: 411.14431 calculated, 411.1444 found.

N-(3-(1H-Benzol[d]imidazol-2-yl)-1H-pyrazol-4-yl)-2-chloropyrimidin-4-amine (3)
76 (58.0 mg, 101 pumol) was treated as described for the preparation of

)N\:j\ compound 2. The crude was purified by automated column chromatography
CI” "N” 'NH (30% EtOAc/DCM) to afford the product (8.5 mg, 27 umol, 29%). 'H NMR (500
mN MHz, DMSO) & 13.51 (br s, 2H), 10.29 (br s, 1H), 8.34 (s, 1H), 8.21 (d, / = 5.9

Nt N Hz, 1H), 7.69 — 7.62 (m, 2H), 7.32 = 7.25 (m, 2H), 7.04 (br s, TH). *C NMR (126

MHz, DMSO) & 160.14 (br), 159.57, 156.93 (br), 146.40 (br), 136.91 (br), 130.98
(br), 122.90, 121.68 (br), 120.59, 114.89 (br), 106.63 (br). LCMS (Finnigan, 0 = 90%): t. = 4.82 min, m/z:
312.1. HRMS [Cy4H10CIN7 + H]™: 312.07590 calculated, 312.0764 found.

4-((2-Chloropyrimidin-4-yl)amino)-N-phenyl-1H-pyrazole-3-carboxamide (4)
NN The title compound was synthesized from 108 (76.3 mg, 171 umol)
/j\ according to general procedure A (reaction time: 3 h). The crude was purified
by automated column chromatography (15 — 55% EtOAc/DCM) to afford the
M /@ product (28 mg, 89 mmol, 52%). 'H NMR (400 MHz, DMSO) & 13.50 (br s,
), 10.26 (s, TH), 9.69 (br's, TH), 8.35 (s, 1H), 8.16 (d, J = 5.9 Hz, 1H), 7.84 (d,
J 7.3 Hz, 2H), 7.36 — 7.30 (m, 2H), 7.22 = 7.05 (m, 2H). *C NMR (101 MHz,
DMSO) & 161.86 (br), 160.21 (br), 159.44, 156.77 (br), 138.42, 133.55 (br), 128.60, 123.76, 122.55 (br),
121.42 (br), 120.55, 106.68 (br). LCMS (Fleet, 10 » 90%): t. = 5.91 min, m/z: 315.2. HRMS [C14H11CINgO +

H]": 315.07556 calculated, 315.07550 found.

CI

4-((2-Chloropyrimidin-4-yl)amino)-N-methyl-1H-pyrazole-3-carboxamide (5)
NTX The title compound was synthesized from 109 (46.1 mg, 120 pmol) according to
/k/j\ general procedure A (reaction time: 4 h). The crude was loaded onto Celite and
0 purified by automated column chromatography (15 — 100% EtOAc/DCM) to afford
& _ the product (14 mg, 55 pmol, 46%). "H NMR (500 MHz, DMSO) & 13.21 (br s, TH),
HN-N N 9.76 (br s, TH), 8.37 — 8.30 (m, 1H), 8.25 (s, 1H), 8.14 (d, J = 5.9 Hz, 1H), 7.06 (br s,
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1H), 2.78 (d, J = 4.5 Hz, 3H). *C NMR (126 MHz, DMSO) & 163.62, 159.92 (br), 159.43, 156.65 (br), 133.17
(br), 121.99, 120.81 (br), 106.59 (br), 25.29. LCMS (Fleet, 10 = 90%): t, = 3.47 min, m/z: 253.2. HRMS
[CoHsCINGO + HJ™: 253.05991 calculated, 253.05970 found.

2-Chloro-N-(1H-pyrazol-4-yl)pyrimidin-4-amine (6)

N/j 112 (70.0 mg, 215 pmol) was dissolved in DCM (1 mL) after which TFA (1 mL) was added
)‘\ dropwise. The mixture was stirred for 2 h and subsequently concentrated under a flow of
N2. The mixture was dissolved in CHCI3 (20 mL) and poured into 1T M NaHCOs (aq.) (20

) mL). The organic layer was separated and the water layer extracted with CHCls (2x20 mL)
and subsequently with EtOAc (2x20 mL). The combined organic layers were concentrated
as such and purified by automated column chromatography (5% MeOH/DCM) to afford the product
(36.0 mg, 184 umol, 86%). "H NMR (500 MHz, MeOD) & 7.97 (d, J = 6.0 Hz, 1H), 7.84 (br s, 2H), 6.56 (d, J
= 6.0 Hz, 1H). *C NMR (126 MHz, MeOD) & 162.01, 161.54, 156.20, 127.09 (br), 122.67, 106.35. LCMS
(Finnigan, 0 -» 90%): t. = 4.22 min, m/z: 196.1. HRMS [C;HeCINs + H]": 196.03845 calculated, 196.0387
found.

N-(3-(1H-Benzo[d]imidazol-2-yl)-1H-pyrazol-4-yl)pyrimidin-4-amine (7)
_ The title compound was synthesized from 77 (59.2 mg, 110 pmol) according to
N/\/[\ general procedure A (reaction time: 2 h). The crude was purified by automated
column chromatography (25 — 55% EtOAc/DCM) to afford the product (27.8 mg,
(S_< ]© 80.3 pmol, 52%). "H NMR (500 MHz, DMSO) & 13.09 (br s, 2H), 10.06 (br s, TH),
8.72 (d, J = 0.8 Hz, 1H), 8.48 (s, 1H), 8.32 (d, J = 6.0 Hz, 1H), 7.67 — 7.58 (m, 2H),
7.25-7.20 (m, 2H), 7.07 (dd, J = 5.9, 1.2 Hz, 1H). *C NMR (126 MHz, DMSO) &
158.38, 158.25, 155.22, 147.46, 130.68 (br), 122.21, 121.70, 120.21 (br), 114.68 (br), 107.17 (br) (not all
quaternary carbons were observed). LCMS (Finnigan, 0 —» 50%): t, = 4.81 min, m/z: 278.3. HRMS [C14H11N7

+ H]": 278.11487 calculated, 278.11462 found.

N-(3-(1H-Benzol[d]imidazol-2-yl)-1H-pyrazol-4-yl)-2-chloropyridin-4-amine (8)
_ The title compound was synthesized from 78 (142 mg, 248 umol) according
J‘\/:[\ to general procedure A (reaction time: 3 h). The crude was purified by
Cl automated column chromatography (70 - 100% EtOAc/DCM) to afford the
(S_< ]© product (49.5 mg, 159 pmol, 64%). '"H NMR (500 MHz, DMSO) & 13.45 (br s,
), 12.96 (brs, 1H), 9.36 (s, TH), 8.28 (s, 1H), 8.01 (d, J = 5.6 Hz, 1H), 7.78 —
744 (br m, 2H), 7.24 — 7.17 (m, 2H), 6.99 — 6.92 (m, 2H). *C NMR (126 MHz,
DMSO) 6 152.83, 151.38, 149.67, 146.94, 143.20 (br), 133.76 (br), 133.44, 122.61 (br), 121.75, 121.37,
118.68 (br), 111.54 (br), 108.67, 107.18. LCMS (Finnigan, 0 - 50%): t. = 5.52 min, m/z: 311.2. HRMS

[C1sH11CINg + H]™: 311.08065 calculated, 311.08044 found.

N-(3-(1H-Benzol[d]imidazol-2-yl)-1H-pyrazol-4-yl)-6-chloropyridin-2-amine (9)
_ The title compound was synthesized from 79 (102 mg, 178 pmol) according
/(\/[\ to general procedure A (reaction time: 3 h). The crude was purified by
automated column chromatography (15 — 50% EtOAc/DCM) to afford the
(S_< ]© product (29.6 mg, 95.2 pmol, 54%). "H NMR (500 MHz, DMSO) & 13.06 (br s,
), 991 (brs, 1H), 8.36 (s, 1H), 7.64 (dd, J = 8.2, 7.5 Hz, 1H), 7.61 (br s, 2H),
726 7.19 (m, 2H), 7.00 (d, J = 8.2 Hz, 1H), 6.82 (d, J = 7.5 Hz, 1H). 3C NMR
(126 MHz, DMSO) & 154.26, 148.29, 147.71, 140.34, 130.10 (br), 122.92, 122.15, 118.49 (br), 112.74, 108.64
(not all quaternary carbons were observed). LCMS (Finnigan, 10 —» 90%): t, = 5.06 min, m/z: 311.2. HRMS

[C45H11CINg + H]™: 311.08065 calculated, 311.08054 found.

Cl
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3-(1H-Benzo[d]imidazol-2-yl)-N-(3-chlorophenyl)-1H-pyrazol-4-amine (10)

80 (125 mg, 219 umol) was dissolved in DCM (2 mL) after which TFA (2 mL)
/©\ was added and the mixture was stirred for 2.5 h. The mixture was
c NH N concentrated under a flow of N2and subsequently dissolved in a mixture of 2
75— ]@ M HCI (ag.) (3 mL) and MeOH (3 mL). The mixture was stirred for 2 h and
HN-N N subsequently concentrated under a flow of N to about half of the volume.
The mixture was poured into 1 M NaHCOs (aqg.) (30 mL) and the product
extracted with EtOAc (2x20 mL). The combined organic layers were concentrated as such after which the
mixture was dissolved in 1:1 MeOH/DCM (2 mL) and transferred to a microwave vial. Ethylenediamine
(50 pL, 746 umol) was added after which the vial was sealed and the mixture was stirred at 50°C for 1 h.
The mixture was poured into H20 (20 mL) and the product extracted with EtOAc (2x20 mL). The combined
organic layers were concentrated as such and purified by automated column chromatography (25 — 60%
EtOAc/DCM) to afford the product (31.6 mg, 102 pmol, 47%). '"H NMR (500 MHz, MeOD) & 7.81 (s, TH),
7.64 —7.55 (br m, 2H), 7.24 — 7.19 (m, 2H), 7.14 (t, / = 8.1 Hz, 1H), 7.00 (t, / = 2.1 Hz, 1H), 6.92 (ddd, J =
8.2,2.3,0.7 Hz, TH), 6.72 (ddd, J = 7.9, 1.9, 0.8 Hz, TH). > C NMR (126 MHz, MeOD) & 148.34 (br), 147.46,
135.98, 133.30 (br), 131.44, 126.39, 123.62, 120.06 (br), 119.50, 115.81 (br), 115.09, 113.80. LCMS (Fleet,

10 - 90%): t, = 4.77 min, m/z: 310.3. HRMS [Cy6H12CIN5 + H]*: 310.08540 calculated, 310.08534 found.

N-(3-(1H-Benzo[d]imidazol-2-yl)-1H-pyrazol-4-yl)-2,6-dichloropyrimidin-4-amine (11)

cl The title compound was synthesized from 81 (94.6 mg, 156 pmol) according
g to general procedure A (reaction time: 4 h). The crude was purified by
)N\ | automated column chromatography (25 — 55% EtOAc/DCM) to afford the

cl product (27.8 mg, 80.3 pymol, 52%). '"H NMR (500 MHz, DMSO) & 13.16 (br s,

(S_< ). 10.61 (brs, 1H), 8.33 (s, 1H), 7.80 — 7.46 (br m, 2H), 7.34 (br s, 1H), 7.26 —
719 (m, 2H). 3C NMR (126 MHz, DMSO) & 160.48, 158.85, 157.73, 146.94,
142.86 (br), 133.76 (br), 131.54, 122.67 (br), 121.97 (br), 121.20, 120.30, 118.63

(br), 111.59 (br), 105.07. LCMS (Fleet, 10 - 90%): t, = 4.32 min, m/z: 346.3. HRMS [C14HoCI;N; + H]™:
346.03693 calculated, 346.03665 found.

N-(3-(1H-Benzol[d]imidazol-2-yl)-1H-pyrazol-4-yl)-2,5-dichloropyrimidin-4-amine (12)
cl The title compound was synthesized from 82 (103 mg, 169 pmol) according
N/\/[ to general procedure A (reaction time: 2.5 h). The crude was purified by
c| automated column chromatography (twice, first 20 — 50% EtOAc/DCM,
(S_< second 1 - 10% MeOH/DCM) to afford the product (35.5 mg, 103 pmol, 61%).
]@ "H NMR (500 MHz, DMSO) & 13.29 (br s, 2H), 11.42 (s, 1H), 8.39 (s, 1H), 8.35
(s, TH), 7.69 (d, J = 7.1 Hz, 1H), 7.52 (d, J = 7.0 Hz, TH), 7.28 = 7.19 (m, 2H). 3C
NMR (126 MHz, DMSO) 6 157.28, 154.96, 154.29, 147.14, 142.44, 133.47, 130.98, 122.91, 121.93, 120.65,
119.87, 118.46, 114.02, 111.61. LCMS (Fleet, 10 - 90%): t. = 5.20 min, m/z: 346.3. HRMS [Cq4HsCl.N7 +

H]*: 346.03693 calculated, 346.03683 found.

N-(3-(1H-Benzo[d]imidazol-2-yl)-1H-pyrazol-4-yl)-2-chloro-5-methylpyrimidin-4-amine (13)
The title compound was synthesized from 83 (57.5 mg, 98.1 ymol) according
)N‘\/Y to general procedure B (reaction time: 5 h). The crude was loaded onto Celite
and purified by automated column chromatography (20 — 50% EtOAc/DCM)
(S_< ]@ to afford the product (21.7 mg, 66.6 pmol, 68%). 'H NMR (400 MHz, DMSO)
6 13.21 (br s, 2H), 10.76 (br s, 1H), 8.35 (s, 1H), 8.10 — 8.08 (2x s, 1H), 7.70 —
7.48 (brm, 2H), 7.27 - 7.20 (m, 2H), 2.34 — 2.31 (2x s, 3H). *C NMR (101 MHz,
DMSO) & 158.41, 157.34, 155.28, 147.55, 142.44 (br), 133.86 (br), 130.67, 122.42 (br), 121.59, 119.66,
118.11 (br), 114.18, 111.75 (br), 12.61. LCMS (Fleet, 10 » 90%): t. = 4.13 min, m/z: 326.3. HRMS
[C15H12CIN; + H]™: 326.09155 calculated, 326.09140 found.
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N-(3-(1H-Benzo[d]imidazol-2-yl)-1H-pyrazol-4-yl)-2-chloro-5-methoxypyrimidin-4-amine (14)
\ The title compound was synthesized from 84 (104 mg, 172 ymol) according
N4\/‘[O to general procedure B (reaction time: 5.5 h). The crude was loaded onto
Celite and purified by automated column chromatography (20 — 50%
EtOAc/DCM) to afford the product (48.7 mg, 142 umol, 83%). '"H NMR (400
z — ]@ MHz, DMSO) 6 13.24 (brs, 2H), 10.93 (br s, 1H), 8.40 (s, 1H), 7.96 (s, 1H), 7.72
HN-N- (brs, TH), 7.52 (br s, TH), 7.28 — 7.21 (m, 2H), 4.08 (s, 3H). *C NMR (101 MHz,
DMSO0) 6 150.99, 149.93, 147.34, 142.69, 139.89, 134.58, 133.59, 130.89, 122.83, 121.90, 121.07, 119.51,
118.52, 111.60, 56.89. LCMS (Fleet, 10 » 90%): t, = 3.96 min, m/z: 342.3. HRMS [Cy5sH1,CIN;O + H]":

342.08646 calculated, 342.08629 found.

2-Ethynyl-N-(3-(5-(morpholinomethyl)-1H-benzo[d]imidazol-2-yl)-1H-pyrazol-4-yl)pyrimidin-4-
amine (15)
o. 65 (19.1 mg, 26.1 ymol) was dissolved in TBAF (1 M in THF, 0.5 mL) and
N/\tl\ stirred for 2.5 h. The mixture was poured into H.O (10 mL) and the
“NH N” intermediate extracted with 10% MeOH/EtOAc (3x4 mL). The combined
N organic layers were concentrated as such and subsequently dissolved
@ /N in DCM (1.2 mL) after which TFA (0.3 mL) was added dropwise. The
HN-N- R mixture was stirred for 6 h, subsequently poured into 1 M NaHCO:s (aq.)
(10 mL) and the product extracted with 10% MeOH/EtOAc (3x3 mL). The combined organic layers were
concentrated as such and purified by automated column chromatography (2 — 14% MeOH/DCM) to
afford the product (5.5 mg, 14 pmol, 53%). 'H NMR (500 MHz, MeOD) & 8.48 (br's, 1H), 8.18 (d, J = 6.1
Hz, 1H), 7.76 = 7.42 (br m, 2H), 7.25 (d, J = 8.2 Hz, 1H), 6.95 (d, J = 6.1 Hz, 1H), 3.72 - 3.68 (m, 4H), 3.66
(s, TH), 3.64 (s, 2H), 2.54 — 2.47 (m, 4H). *C NMR (126 MHz, MeOD) & 160.22, 155.23, 152.51, 149.02,
132.70 (br), 125.67 (br), 122.62, 121.89, 120.58 (br), 119.05 (br), 113.49 (br), 112.13 (br), 108.11, 83.10,
82.70, 76.34, 67.73, 64.73, 54.63 (not all quaternary carbons were observed). LCMS (Fleet, 0 — 50%): t. =
4.25 min, m/z: 401.3. HRMS [C31H20NgO + H]": 401.18328 calculated, 401.18305 found.

\

= N

N-(3-(5-(Morpholinomethyl)-1H-benzo[d]imidazol-2-yl)-1H-pyrazol-4-yl)-2-phenylpyrimidin-4-
amine (16)
o. The title compound was synthesized from 66 (29.8 mg, 41.8 umol)

N‘/j [ according to general procedure C (reaction time: 4.5 h). The crude
NZ “NH N” was purified by automated column chromatography (3 - 15%
©)\ N MeOH/DCM) to afford the product (8.6 mg, 19 umol, 46%). '"H NMR
~ { (500 MHz, MeOD) & 8.64 (s, TH), 8.30 (d, / = 5.9 Hz, 1H), 8.29 - 8.25

NN (m, 2H), 7.70 (br s, TH), 7.51 — 7.43 (m, 4H), 7.27 - 7.20 (br m, TH), 6.81

(d, J = 5.9 Hz, 1H), 3.71 (t, J = 4.4 Hz, 4H), 3.64 (s, 2H), 2.58 — 2.43 (m, 4H). *C NMR (126 MHz, MeOD) &
165.28, 159.50, 154.94, 148.06, 143.62, 143.08, 138.77, 133.85, 133.18, 132.33, 131.57, 131.14, 130.86,
128.86, 128.48, 125.47, 124.61, 122.71, 120.80, 120.08, 118.65, 112.57, 111.40, 106.03, 67.10, 64.16, 53.80.
LCMS (Finnigan, 0 - 50%): t, = 5.53 min, m/z: 453.1. HRMS [CpsH24NgO + H]": 453.21458 calculated,
453.2146 found.

N-(3-(5-(Morpholinomethyl)-1H-benzo[d]imidazol-2-yl)-1H-pyrazol-4-yl)-2-phenoxypyrimidin-4-
amine (17)
The title compound was synthesized from 67 (28.0 mg, 38.4 umol)

O
N’/j [ ] according to general procedure C (reaction time: 6 h). The crude
B N

NZ NH was dissolved in 1:1 MeOH/DCM (1 mL) and transferred to a

N microwave vial. Ethylenediamine (50 pL, 746 pmol) was added after

- = which the vial was sealed and the mixture was stirred at 50°C for

HN-N- 40 min. The mixture was poured into H20 (20 mL) and the product

extracted with CHClz (2x20 mL). The combined organic layers were concentrated as such and purified by
automated column chromatography (2 — 15% MeOH/DCM) to afford the product (7.5 mg, 16 pmol,
42%). "™H NMR (500 MHz, CDCl3) & 11.21 - 10.75 (br m, 2H), 10.11 (s, 1H), 8.11 (d, J = 5.5 Hz, 1H), 7.70 (s,
1H), 7.54 (d, J = 15.5 Hz, 1H), 7.41 = 7.29 (m, 3H), 7.24 — 7.13 (m, 4H), 6.51 — 6.43 (2x d, J = 5.4 Hz, 1H),
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3.79 — 3.52 (m, 6H), 2.56 — 2.39 (m, 4H). *C NMR (126 MHz, CDCls) 6 165.83, 160.33, 156.95, 153.50,
147.26 (br), 143.40, 142.78, 133.18, 133.05, 132.21, 132.01, 131.21 (br), 129.63, 125.20, 124.37, 122.63,
122.52, 120.72 (br), 119.94, 118.83, 111.69, 110.72, 102.41 (br), 67.09, 66.95, 63.89, 63.85, 53.70. LCMS
(Finnigan, 0 = 50%): t, = 5.88 min, m/z: 469.1. HRMS [Cy5H24NsO, + HI": 469.20950 calculated, 469.2097
found.

2-(Benzyloxy)-N-(3-(5-(morpholinomethyl)-1H-benzo[d]imidazol-2-yl)-1H-pyrazol-4-yl)pyrimidin-4-
amine (18)
o. A microwave vial was charged with 68 (55 mg, 74 umol) and

N/i [ TBAF (1 M in THF, 0.5 mL) was added. The vial was sealed and
OJ\N/ NH N~ the mixture was stirred at 80°C for 7 days. The mixture was
N poured into H20 (20 mL) and the product extracted with 10%

D MeOH/CHCl; (2x20 mL). The combined organic layers were

HN-N- | concentrated as such, dissolved in 1:1 MeOH/DCM (1 mL) and

transferred to a microwave vial. Ethylenediamine (50 pL, 746 umol) was added after which the vial was
sealed and the mixture was stirred at 50°C for 1 h. The mixture was poured into H.O (20 mL) and the
product extracted with CHCls (2x20 mL). The combined organic layers were concentrated as such and
purified by automated column chromatography (twice, 0 — 10% MeOH/EtOAc) to afford the product (6.9
mg, 14 pmol, 19%). '"H NMR (600 MHz, MeOD) & 8.30 (s, 1H), 8.03 (d, J = 5.9 Hz, 1H), 7.66 (br s, 1H), 7.50
(brs,J =1.2Hz, 1H), 7.47 - 7.44 (m, 2H), 7.38 — 7.34 (m, 2H), 7.31 = 7.28 (m, 1H), 7.24 (d, J = 8.1 Hz, 1H),
6.58 (d, J = 5.9 Hz, TH), 5.45 (s, 2H), 3.72 — 3.68 (m, 4H), 3.65 (s, 2H), 2.55 — 2.48 (m, 4H). *C NMR (151
MHz, MeOD) & 166.08, 161.99, 156.83, 148.77, 137.90, 129.32, 128.74, 128.32, 125.85, 125.12, 122.55,
121.55, 120.43, 119.15, 113.16, 111.85, 102.12, 69.69, 67.52, 64.56, 54.34. LCMS (Fleet, 0 —» 50%): t. = 5.48
min, m/z: 483.4. HRMS [Ca6H26NgO;, + H]": 483.22515 calculated, 483.22509 found.

N-(3-(5-(Morpholinomethyl)-1H-benzo[dlimidazol-2-yl)-1H-pyrazol-4-yl)-2-phenethoxypyrimidin-
4-amine (19)
o. 69 (30 mg, 40 pmol) was dissolved in DCM (1 mL) after which

N/j [ ] TFA (1 mL) was added dropwise and the mixture was stirred
@\AOJ\N/ NH N~ for 2.5 h. The mixture was concentrated under a flow of Nz,
N dissolved in 5% MeOH/DCM (20 mL), poured into 1 M

// { NaHCOs (aq.) (20 mL) and the layers were separated. The

HN=N H water layer was extracted with 5% MeOH/DCM (20 mL) and

the combined organic layers were concentrated as such. The mixture was dissolved in 1:1 MeOH/DCM
(1 mL) and transferred to a microwave vial. Ethylenediamine (50 pL, 746 umol) was added after which
the vial was sealed and the mixture was stirred at 50°C for 80 min. The mixture was poured into H20 (20
mL) and the product extracted with 5% MeOH/DCM (2x20 mL). The combined organic layers were
concentrated as such and purified by HPLC (Agilent, 19 — 25% MeCN in 0.2% TFA (aq.)). The fractions
were concentrated and traces of TFA were removed by coevaporation with 1:1 MeCN/H20 (20 mL). The
residue was dissolved in CHCl3 (20 mL) and poured into 1 M NaHCOs (ag.) (20 mL). The organic layer
was separated and the water layer extracted with CHCl3 (20 mL). The combined organic layers were
washed with brine (30 mL), dried over Na2SO, filtered and concentrated to afford the product (8.6 mg,
17 umol, 44%). "H NMR (500 MHz, CDCls) § 11.46 — 11.12 (br m, 1H), 10.00 (s, 1H), 8.39 (s, 1H), 7.99 (d, J
=52Hz 1H), 7.70 (d, / = 5.8 Hz, TH), 7.40 - 7.22 (m, 6H), 7.23 = 7.14 (m, 2H), 6.36 — 6.30 (m, 1H), 4.50 (t,
J = 7.3 Hz, 2H), 3.74 - 3.64 (m, 4H), 3.63 — 3.55 (m, 2H), 3.08 (t, J = 7.3 Hz, 2H), 2.52 - 2.41 (m, 4H). *C
NMR (126 MHz, CDCls) & 165.26, 160.63, 156.33, 147.25 (br), 143.46, 142.85, 138.20, 133.29, 132.37,
131.91, 131.26 (br), 129.13, 128.63, 126.63, 125.19, 124.31, 122.82, 120.71 (br), 119.91, 118.82, 111.73,
110.75, 101.68, 67.87, 67.05, 66.95, 63.88, 53.71, 35.51. LCMS (Fleet, 0 — 50%): t. = 5.76 min, m/z: 497.4.
HRMS [C37H28NgO, + H]*: 497.24080 calculated, 497.24093 found.
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N-(3-(5-(Morpholinomethyl)-1H-benzo[d]imidazol-2-yl)-1H-pyrazol-4-yl)-2-(1H-pyrazol-1-
yl)pyrimidin-4-amine (20)
o 70 (60 mg, 85 pmol) was dissolved in DCM (1 mL) after which TFA (1
mL) was added dropwise and the mixture was stirred for 3 h. The
mixture was concentrated under a flow of N, dissolved in CHCls (20
C m mL) and poured into 1 M NaHCOs (aq.) (20 mL). The organic layer was
separated and the water layer extracted with CHCIz (20 mL). The
combined organic layers were concentrated as such, dissolved in 1:1
MeOH/DCM (1 mL) and transferred to a microwave vial. Ethylenediamine (50 pL, 746 pmol) was added
after which the vial was sealed and the mixture was stirred at 50°C for 1 h. The mixture was poured into
H20 (20 mL) and the product extracted with CHClz (2x20 mL). The combined organic layers were
concentrated as such and purified by automated column chromatography (2 — 15% MeOH/DCM) to
afford the product (16.5 mg, 37.3 ymol, 44%). 'H NMR (500 MHz, MeOD) & 8.60 (br s, 1H), 8.54 (d, J =
2.5Hz 1H), 8.22 (d, J = 5.9 Hz, 1H), 7.78 — 7.77 (m, TH), 7.67 (brs, 1H), 7.45 (br s, 1H), 7.22 (d, J = 8.0 Hz,
H), 6.77 (d, J = 5.8 Hz, 1H), 6.50 (dd, J = 2.6, 1.7 Hz, 1H), 3.72 — 3.68 (m, 4H), 3.63 (s, 2H), 2.55 - 2.46 (m,
4H). 3C NMR (126 MHz, MeOD) & 160.31 (br), 156.08, 155.93 (br), 147.96 (br), 143.61 (br), 143.35, 143.05
(br), 133.92 (br), 133.27 (br), 132.37 (br), 131.74 (br), 131.18 (br), 129.55, 125.53 (br), 124.67 (br), 122.11
(br), 121.41 (br), 120.08 (br), 118.66 (br), 112.65 (br), 111.47 (br), 108.70, 105.74 (br), 67.11, 64.17, 53.82.
LCMS (Fleet, 0 » 50%): t, = 4.78 min, m/z: 443.3. HRMS [Cy:H2:N1,0 + H]": 443.20508 calculated,
443.20488 found.

N-(3-(5-(Morpholinomethyl)-1H-benzo[d]imidazol-2-yl)-1H-pyrazol-4-yl)-2-(thiophen-3-
yl)pyrimidin-4-amine hydrochloride (21)
o 71(43.2 mg, 60.0 pmol) was dissolved in EtOH (0.5 mL) and HCI (4 M

N/i in dioxane, 0.5 mL) was added. The mixture was stirred at 50°C for 16
~ : NZ > NH H-cI "N”  h. The reaction was concentrated under a flow of Nz, subsequently 2
S &—(N M K>COs (2 mL) was added and the mixture was stirred for 30 min.

7= The mixture was diluted with DCM (10 mL) and H2O (10 mL), the

organic layer was separated and subsequently concentrated as such.
The crude was purified by HPLC (Agilent, 13 — 19% MeCN in 0.2% TFA (aq.)) after which the fractions
were concentrated and traces of TFA were removed by coevaporation with 1:1 MeCN/H20 (3x20 mL).
The residue was dissolved in 1:1 MeCN/H20 (2x40 mL) to which 0.4 mL HCI (2 M aq.) was added and
subsequently concentrated to afford the product as HCI salt (14.8 mg, 32.3 pmol, 54%). '"H NMR (500
MHz, MeOD) & 8.46 (s, TH), 8.37 (s, 1H), 8.25 (d, J = 4.5 Hz, 1H), 8.17 (s, 1H), 7.86 (d, J = 6.1 Hz, 1H), 7.80
(d,J = 6.3 Hz, 1H), 7.60 (d, J = 4.1 Hz, TH), 7.58 = 7.53 (m, 1H), 7.32 (d, J = 4.0 Hz, 1H), 4.55 (s, 2H), 4.05 —
3.89 (m, 4H), 3.31 = 3.21 (m, 4H). *C NMR (126 MHz, MeOD) & 162.80, 155.49, 145.12, 143.67, 133.98,
133.36, 132.64, 130.50, 130.43, 129.39, 127.65, 127.51, 126.81, 119.69, 118.55, 115.54, 106.94, 64.41,
60.91, 52.42. LCMS (Finnigan, 0 = 50%): t, = 5.44 min, m/z: 459.1. HRMS [C>3H,3CINgOS + H]": 459.17100
calculated, 459.1712 found.

N-(3-(5-(Morpholinomethyl)-1H-benzo[d]imidazol-2-yl)-1H-pyrazol-4-yl)-2-(thiophen-2-
yl)pyrimidin-4-amine hydrochloride (22)
o. 72(59.6 mg, 82.8 umol) was dissolved in EtOH (0.5 mL) and HCI (4 M

N/j in dioxane, 0.5 mL) was added. The mixture was stirred at 50°C for 16
S ‘ NZ NH H-cl N7 h. The reaction was concentrated under a flow of Nz, subsequently 2
\_ N M K2COs (2 mL) was added and the mixture was stirred for 30 min.

m The mixture was diluted with DCM (10 mL) and H>O (10 mL), the

organic layer was separated and subsequently concentrated as such.
The crude was purified by HPLC (Agilent, 13 — 19% MeCN in 0.2% TFA (aq.)) after which the fractions
were concentrated and traces of TFA were removed by coevaporation with 1:1 MeCN/H20 (3x20 mL).
The residue was dissolved in 1:1 MeCN/H20 (2x40 mL) to which 0.4 mL HCI (2 M aq.) was added and
subsequently concentrated to afford the product as HCl salt (21.7 mg, 47.3 pmol, 57%). "H NMR (500
MHz, MeOD) & 8.37 (s, 1H), 8.24 (d, J = 5.1 Hz, 1H), 8.20 - 8.12 (m, 2H), 7.87 (s, 2H), 7.81 - 7.76 (m, 1H),
7.26 (d, J = 5.0 Hz, 1H), 7.24 — 7.20 (m, 1H), 4.56 (s, 2H), 4.05 — 3.97 (m, 2H), 3.96 — 3.87 (m, 2H), 3.33 -
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3.21 (m, 4H). *C NMR (126 MHz, MeOD) & 162.45, 155.24, 145.39, 143.75, 136.75, 135.01, 133.72, 133.41,
133.04, 130.70, 130.44, 127.53, 119.83, 118.69, 115.63, 106.79, 64.50, 61.06, 52.53. LCMS (Finnigan, 0 -
50%): t. = 5.54 min, m/z: 459.1. HRMS [C,3H23CINgOS + H]*: 459.17100 calculated, 459.1710 found.

2-(2-Chlorophenoxy)-N-(3-(5-(morpholinomethyl)-1H-benzo[d]imidazol-2-yl)-1H-pyrazol-4-
yl)pyrimidin-4-amine (23)
o_ Thetitle compound was synthesized from 116 (95.5 mg, 151 umol)

Nﬁ [ according to general procedure B (reaction time: 4 h). The crude
0)\\N NH N” was purified by automated column chromatography (0 — 50%
cl N MeOH/DCM) to afford the product (38.1 mg, 75.8 umol, 50%). H
@ / { NMR (400 MHz, DMSO) & 13.15 (br's, TH), 13.03 — 12.94 (2x s, TH),

HN-N- 10.35-10.14 (2x s, TH), 8.19-8.15 (2x d, J = 5.8 Hz, TH), 7.69 — 7.62

(m, 2H), 7.53 = 7.28 (m, 5H), 7.20 - 7.11 (2x dd, J = 8.3, 1.5 Hz, 1H), 6.88 — 6.79 (2x d, J/ = 5.8 Hz, TH), 3.59
—3.51 (m, 6H), 2.40 — 2.30 (m, 4H). *C NMR (101 MHz, DMSO) & 164.42, 159.96 (br), 157.22 (br), 149.01,
147.58 (br), 147.45 (br), 142.85, 142.12, 133.65, 132.75, 132.57, 131.34, 130.58 (br), 130.29, 128.66, 127.04,
126.77, 124.76, 124.16, 123.21, 121.34, 121.25, 119.46 (br), 118.90, 118.00, 111.66, 111.03, 102.80 (br),
66.27, 62.99, 62.92, 53.25, 53.21. LCMS (Fleet, 10 - 90%): t, = 3.43 min, m/z: 503.2. HRMS [C;5H23CINgO,
+ H]*: 503.17053 calculated, 503.17069 found.

2-(3-Chlorophenoxy)-N-(3-(5-(morpholinomethyl)-1H-benzo[d]limidazol-2-yl)-1H-pyrazol-4-
yl)pyrimidin-4-amine (24)
o. The title compound was synthesized from 117 (85.8 mg, 135

@\ Néj\ [ ] pumol) according to general procedure B (reaction time: 3 h).
al o)\\N NH N~ The crude was purified by automated column chromatography
N (2 — 40% MeOH/DCM) to afford the product (46 mg, 91 pmol,

D 67%). "H NMR (400 MHz, DMSO) & 13.22 (br s, TH), 13.00 (brs,

HN-N 1H), 10.40 - 10.18 (2x s, TH), 8.17 (d, J = 5.8 Hz, 1H), 7.67 - 7.62

(m, 1H), 7.57 (brs, TH), 7.52 (t, J = 8.1 Hz, 1H), 7.44 (t, /] = 2.2 Hz, 1H), 7.42 (br s, 1H), 7.39 (dd, /= 7.9, 1.8
Hz, 1H), 7.26 (dd, J = 7.9, 2.1 Hz, 1H), 7.20 — 7.12 (m, 1H), 6.87 — 6.78 (2x d, / = 5.8 Hz, 1H), 3.58 — 3.51
(m, 6H), 2.39 - 2.30 (m, 4H). *C NMR (101 MHz, DMSO) & 164.86, 160.01 (br), 157.09 (br), 153.86, 147.58
(br), 147.48 (br), 142.87, 142.14, 133.68, 133.58, 132.77, 132.58, 131.35, 131.02, 130.65 (br), 125.34, 124.16,
123.22, 122.72, 121.35 (br), 121.25, 119.65 (br), 118.90, 118.00, 111.68, 111.04, 102.89 (br), 66.28, 62.97,
53.24. LCMS (Fleet, 10 - 90%): t. = 3.50 min, m/z: 503.2. HRMS [Cy5H23CINgO, + H]": 503.17053
calculated, 503.17040 found.

2-(4-Chlorophenoxy)-N-(3-(5-(morpholinomethyl)-1H-benzo[d]limidazol-2-yl)-1H-pyrazol-4-
yl)pyrimidin-4-amine (25)
o. The title compound was synthesized from 118 (95.5 mg, 151

CI\@\ Nﬁ [ j pmol) according to general procedure B (reaction time: 3 h).
0)\\N NH N~ The crude was purified by automated column chromatography
N (2 = 14% MeOH/DCM) to afford the product (59.6 mg, 118

@ < umol, 79%). "H NMR (400 MHz, DMSO) & 13.24 (brs, TH), 13.01

HN-N- (brs, 1H), 10.39 - 10.18 (2x's, 1H), 8.15 (d, J = 5.8 Hz, 1H), 7.71

(brs, 1H), 7.67 = 7.63 (m, 1H), 7.55 = 7.50 (m, 2H), 7.46 — 7.40 (m, 1H), 7.33 - 7.27 (m, 2H), 7.16 (t, / = 8.8
Hz, 1H), 6.85 — 6.77 (2x d, J = 5.8 Hz, 1H), 3.59 — 3.51 (m, 6H), 2.39 = 2.31 (m, 4H). *C NMR (101 MHz,
DMSO) & 164.88, 160.12 (br), 157.02 (br), 151.89, 147.61 (br), 147.50 (br), 142.88, 142.15, 133.68, 132.78,
132.59, 131.36, 130.68 (br), 129.52, 129.27, 124.17, 124.07, 123.23, 121.40, 121.31, 119.69 (br), 118.90,
118.01, 111.69, 111.05, 102.84 (br), 66.28, 63.01, 62.96, 53.25, 53.23. LCMS (Fleet, 10 —» 90%): t, = 3.44
min, m/z: 503.2. HRMS [C5H,3CINgO, + H]™: 503.17053 calculated, 503.17050 found.
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N-(3-(1H-Benzo[d]imidazol-2-yl)-1H-pyrazol-4-yl)-2-phenylpyrimidin-4-amine (26)
The title compound was synthesized from 85 (114 mg, 186 pmol)

N/j according to general procedure A (reaction time: 4.5 h). The crude was

loaded onto Celite and purified by silica gel column chromatography (2 -

(S_< ]@ 4% MeOH/DCM) to afford the product (50.6 mg, 143 ymol, 77%). '"H NMR

(400 MHz, DMSO) 6 13.20 (br s, 2H), 10.20 (br s, 1H), 8.63 (br s, 1H), 8.46

(d, J = 5.8 Hz, 1H), 8.44 — 8.39 (m, 2H), 7.75 (br s, TH), 7.65 — 7.45 (m, 4H),

7.29-7.20 (m, 2H), 7.01 (d, J = 5.8 Hz, 1H). *C NMR (101 MHz, DMSO) & 163.42, 158.66, 155.68, 147.55,

142.92 (br), 138.11, 133.65 (br), 130.86 (br), 130.51, 128.59, 127.77, 122.53 (br), 121.84, 119.80, 118.57

(br), 111.56 (br), 105.74 (br). LCMS (Fleet, 10 - 90%): t, = 3.08 min, m/z: 354.3. HRMS [CyoH15N7 + H]™:
354.14617 calculated, 354.14637 found.

N-(3-(1H-Benzo[d]imidazol-2-yl)-1H-pyrazol-4-yl)-2-(p-tolyl) pyrimidin-4-amine (27)
The title compound was synthesized from 86 (100 mg, 190 pmol)
N/j according to general procedure A (reaction time: 3 h). The crude was
/@2\ loaded onto Celite and purified by silica gel column chromatography
(S_< ]@ (2% MeOH/DCM) to afford the product (40.0 mg, 106 pmol, 56%). 'H
NMR (400 MHz, DMSO) & 13.19 (br s, 2H), 10.15 (br s, 1H), 8.60 (s, 1H),
8.43 (d, J = 5.8 Hz, 1H), 8.32 — 8.28 (m, 2H), 7.65 (br s, 2H), 7.37 — 7.33
(m, 2H), 7.28 — 7.22 (m, 2H), 6.98 (d, J = 5.8 Hz, TH), 2.39 (s, 3H). *C NMR (101 MHz, DMSO) & 163.47,
158.61, 155.65 (br), 147.52 (br), 142.68 (br), 140.23, 135.43, 134.07 (br), 130.77 (br), 129.20, 127.75, 122.21
(br), 121.89, 119.71 (br), 118.27 (br), 111.60 (br), 105.45 (br), 21.05. LCMS (Fleet, 10 - 90%): t, = 3.35 min,

m/z: 368.3. HRMS [C»1H17N7 + H]™: 368.16182 calculated, 368.16204 found.

N-(3-(1H-Benzo[d]imidazol-2-yl)-1H-pyrazol-4-yl)-2-(4-methoxyphenyl)pyrimidin-4-amine (28)
The title compound was synthesized from 87 (110 mg, 171 pmol)

IS
N\/j\ according to general procedure A (reaction time: 3 h), using 10%
N7 NH i i
o

MeOH/EtOAc as organic layers in the work-up. The crude was

mNj@ purified by silica gel column chromatography (2% MeOH/DCM) to

HN,,\/‘ N afford the product (66 mg, 171 pmol, quant.). '"H NMR (400 MHz,

DMSO) & 13.35 (brs, TH), 13.06 (br's, 1H), 10.16 (br s, 1H), 8.61 (br s,

1H), 8.41 (d, J = 5.8 Hz, 1H), 8.39 - 8.35 (m, 2H), 7.83 — 7.73 (br m, 1H), 7.58 — 7.50 (br m, 1H), 7.28 - 7.21

(m, 2H), 7.12 = 7.06 (m, 2H), 6.93 (d, J = 5.9 Hz, 1H), 3.84 (s, 3H). *C NMR (101 MHz, DMSO) & 163.27,

161.30, 158.55, 155.64 (br), 147.60, 142.94, 133.66, 130.82 (br), 130.60, 129.41, 122.72, 121.97, 121.79,

119.65, 118.56, 113.90, 111.53, 104.92 (br), 55.29. LCMS (Fleet, 10 —» 90%): t. = 3.26 min, m/z: 384.3. HRMS
[C21H17N7O + H]™: 384.15673 calculated, 384.15699 found.

N-(3-(1H-Benzo[d]imidazol-2-yl)-1H-pyrazol-4-yl)-2-(4-chlorophenyl)pyrimidin-4-amine (29)
The title compound was synthesized from 88 (141 mg, 218 pumol)

/@)N\/j according to general procedure A (reaction time: 5 h). The crude was
N~ "NH

purified by HPLC (Waters, 15 — 25% MeCN in 0.2% TFA (aq.)) after

mN]@ which the fractions were concentrated and traces of TFA were

HN?,\/‘ H removed by coevaporation with 1:1 MeCN/H20 (20 mL). The residue

was dissolved in EtOAc (20 mL) and poured into 1 M NaHCOs (aq.) (20

mL). The organic layer was separated and the water layer extracted with EtOAc (20 mL). The combined

organic layers were washed with brine (30 mL), dried over Na2SO,, filtered and concentrated to afford

the product (24 mg, 62 ymol, 28%). '"H NMR (500 MHz, DMSO) & 12.74 (br s, 2H), 10.25 (br s, 1H), 8.56

(brs, TH), 8.44 (d, J = 5.8 Hz, 1H), 8.42 —8.39 (m, 2H), 7.66 — 7.62 (m, 2H), 7.61 - 7.57 (m, 2H), 7.25 - 7.21

(m, 2H), 7.01 (d, J = 5.8 Hz, TH). *C NMR (126 MHz, DMSO) & 162.40, 158.68, 155.60 (br), 147.52, 138.38

(br), 136.91, 135.32, 130.65 (br), 129.50, 128.63, 122.10, 121.64, 120.42 (br), 114.94 (br), 105.96 (br). LCMS

(Fleet, 10 - 90%): t, = 3.72 min, m/z: 388.3. HRMS [CoH14CIN; + H]*: 388.10720 calculated, 388.10714
found.
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N-(3-(1H-Benzo[d]imidazol-2-yl)-1H-pyrazol-4-yl)-2-(4-fluorophenyl)pyrimidin-4-amine (30)
The title compound was synthesized from 89 (125 mg, 198 pumol)

N‘/j according to general procedure A (reaction time: 3 h). The crude was
/©)\N/ I j V !
F

purified by HPLC (Waters, 15—25% MeCN in 0.2% TFA (ag.)) after which

/S_(ND the fractions were concentrated and traces of TFA were removed by

HN?,\/I coevaporation with 1:1 MeCN/H20 (20 mL). The residue was dissolved

in EtOAc (20 mL) and poured into 1 M NaHCOs (aqg.) (20 mL). The

organic layer was separated and the water layer extracted with EtOAc (20 mL). The combined organic

layers were washed with brine (30 mL), dried over Na.SOs, filtered and concentrated to afford the

product (18.5 mg, 49.8 ymol, 25%). '"H NMR (500 MHz, DMSO) & 13.36 (s, 1H), 13.05 (br s, 1H), 10.19 (s,

1H), 8.58 (s, 1H), 8.46 (d, / = 5.8 Hz, 1H), 8.45 — 8.42 (m, 2H), 7.65 (br s, 2H), 7.36 (t, / = 8.8 Hz, 2H), 7.26

—7.22 (m, 2H), 7.00 (d, J = 5.8 Hz, TH). 3C NMR (126 MHz, DMSO) & 164.75, 162.78, 162.46, 158.65,

155.60 (br), 147.49, 142.49 (br), 134.53, 133.94 (br), 130.91 (br), 130.10, 130.04, 122.23 (br), 121.70, 119.82,

118.05 (br), 115.53, 115.36, 111.62 (br), 105.61 (br). LCMS (Fleet, 10 - 90%): t, = 3.42 min, m/z: 372.3.
HRMS [C0H14FN; + H]™: 372.13675 calculated, 372.13647 found.

N-(3-(1H-Benzo[d]imidazol-2-yl)-1H-pyrazol-4-yl)-2-(o-tolyl)pyrimidin-4-amine (31)
The title compound was synthesized from 90 (177 mg, 281 umol)

N/j according to general procedure A (reaction time: 2 h). The crude was

loaded onto Celite and purified by automated column chromatography

(S_< ]@ (40 — 70% EtOAc/DCM) to afford the product (75.2 mg, 205 pmol, 73%).

"H NMR (500 MHz, DMSO) & 13.16 (br s, 2H), 10.19 (br s, TH), 8.47 — 8.43

(m, 2H), 7.80 (dd, J = 7.2, 1.4 Hz, 1H), 7.77 = 7.49 (br m, 2H), 7.38 = 7.29 (m,

3H), 7.28 - 7.22 (m, 2H), 7.00 (d, J = 5.9 Hz, TH), 2.52 (s, 3H). *C NMR (126 MHz, DMSO) & 166.47, 158.41

(br), 155.27 (br), 147.59 (br), 142.94 (br), 139.19, 136.38, 133.74 (br), 130.98, 129.92, 128.86, 125.71, 122.16

(br), 121.95, 119.79 (br), 118.50 (br), 111.63 (br), 104.79 (br), 20.80 (not all quaternary carbons were

observed). LCMS (Fleet, 10 - 90%): t, = 3.21 min, m/z: 368.3. HRMS [C;Hq7N; + H]": 368.16182
calculated, 368.16163 found.

N-(3-(1H-Benzo[d]imidazol-2-yl)-1H-pyrazol-4-yl)-2-(2-chlorophenyl)pyrimidin-4-amine (32)
The title compound was synthesized from 91 (120 mg, 185 umol)

¢ N/j according to general procedure A (reaction time: 4.5 h). The crude was

loaded onto Celite and purified by silica gel column chromatography (2 -
m ]@ 4% MeOH/DCM) to afford the product (48.1 mg, 124 pmol, 67%). '"H NMR
(400 MHz, DMSO) 6 13.14 (br s, 2H), 10.22 (br's, 1H), 8.50 (s, 1H), 8.47 (d,
J =59Hz, 1H), 7.80 — 7.75 (m, TH), 7.65 (br s, 2H), 7.62 — 7.58 (m, 1H), 7.52
—7.44 (m, 2H), 7.27 = 7.21 (m, 2H), 7.08 (d, J = 6.0 Hz, 1H). *C NMR (101 MHz, DMSO) & 164.33, 158.21
(br), 155.43 (br), 147.49 (br), 138.55, 131.68, 131.37, 130.72 (br), 130.46, 130.26, 127.17, 122.26 (br),
121.72, 120.23 (br), 105.83 (not all quaternary carbons were observed, neither were two —CH’s of the
benzimidazole). LCMS (Fleet, 10 - 90%): t, = 3.01 min, m/z: 388.3. HRMS [C50H14CIN; + H]": 388.10720
calculated, 388.10741 found.

N-(3-(1H-Benzo[d]imidazol-2-yl)-1H-pyrazol-4-yl)-2-(2-methoxyphenyl) pyrimidin-4-amine (33)
N The title compound was synthesized from 92 (110 mg, 171 pmol)

® N/j according to general procedure A (reaction time: 3 h). The crude was

purified by silica gel column chromatography (2 — 3% MeOH/DCM) to

m ]@ afford the product (60.0 mg, 156 umol, 91%). '"H NMR (400 MHz, DMSO)

6 13 43 — 12.94 (br m, 2H), 10.07 (s, TH), 8.67 (s, TH), 8.44 (d, J = 5.8 Hz,

), 7.76 (d, J = 7.4 Hz, 2H), 7.53 (br s, 1H), 7.46 (ddd, J = 8.3, 7.3, 1.8 Hz,

1H), 7.27 - 7.22 (m, 2H), 7.20 (dd,J 8.4, 1.0 Hz, 1H), 7.07 (td, J = 7.5, 1.0 Hz, 1H), 7.00 (d, J = 5.9 Hz, 1H),
3.87 (s, 3H). *C NMR (101 MHz, DMSO) & 164.51, 157.98 (br), 157.48, 155.44 (br), 147.69, 142.96 (br),
133.68 (br), 131.33, 130.70, 130.51 (br), 128.73, 122.65 (br), 122.13, 121.78 (br), 120.23, 120.14, 118.53

(br), 112.34, 111.50 (br), 104.95 (br), 55.57. LCMS (Fleet, 10 - 90%): t. = 3.22 min, m/z: 384.3. HRMS
[Ca1H17N7O + H]™: 384.15673 calculated, 384.15685 found.
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N-(3-(1H-Benzo[d]imidazol-2-yl)-1H-pyrazol-4-yl)-2-(m-tolyl) pyrimidin-4-amine (34)
The title compound was synthesized from 93 (120 mg, 191 pmol)
N/j according to general procedure A (reaction time: 4 h). The crude was
\©)\ loaded onto Celite and purified by silica gel chromatography (3 — 5%
(S_< j@ MeOH/DCM) to afford the product (59.5 mg, 162 umol, 85%). '"H NMR
(400 MHz, DMSO) 6 13.59 - 12.82 (br m, 2H), 10.18 (br s, 1H), 8.63 (brs,
1H), 8.45 (d, J = 5.9 Hz, 1H), 8.26 — 8.18 (m, 2H), 7.77 (br s, 1H), 7.57 (br
s, TH), 743 (t, J = 7.6 Hz, 1H), 7.33 (d, / = 7.5 Hz, 1H), 7.30 - 7.21 (m, 2H), 6.99 (d, J/ = 5.8 Hz, 1H), 2.43 (s,
3H). 3C NMR (101 MHz, DMSO) & 163.55, 158.65 (br), 155.65 (br), 147.58 (br), 142.94 (br), 138.11, 137.64,
133.69 (br), 131.15, 130.86 (br), 128.48, 128.41, 124.99, 122.55 (br), 121.90, 119.78 (br), 118.59 (br), 111.58
(br), 105.63 (br), 21.24. LCMS (Fleet, 10 - 90%): t. = 3.33 min, m/z: 368.3. HRMS [CyH7N; + H]™:

368.16182 calculated, 368.16206 found.

N-(3-(1H-Benzol[d]imidazol-2-yl)-1H-pyrazol-4-yl)-2-(3-chlorophenyl) pyrimidin-4-amine (35)
The title compound was synthesized from 94 (111 mg, 171 pymol)
N/j according to general procedure A (reaction time: 4 h), using 10%
CIO)\ MeOH/EtOAc as organic layers in the work-up. The crude was purified
(S_< ]@ by HPLC (Waters, 15 — 25% MeCN in 0.2% TFA (aq.)) after which the
fractions were concentrated and traces of TFA were removed by
coevaporation with 1:1 MeCN/H20 (20 mL). The residue was dissolved
in EtOAc (20 mL) and poured into 1 M NaHCOs (aq.) (20 mL). The organic layer was separated and the
water layer extracted with EtOAc (20 mL). The combined organic layers were washed with brine (30 mL),
dried over NazSO;, filtered and concentrated to afford the product (53.0 mg, 137 pmol, 80%). "H NMR
(500 MHz, DMSO) & 13.53 — 12.90 (br m, 2H), 10.21 (br's, 1H), 8.56 (brs, 1H), 8.46 (d, / = 5.8 Hz, 1H), 8.37
—8.32 (m, 2H), 7.76 (br s, 1H), 7.62 — 7.57 (m, 2H), 7.53 (br s, TH), 7.27 = 7.21 (m, 2H), 7.04 (d, / = 5.8 Hz,
TH). *C NMR (126 MHz, DMSO) & 161.99, 158.72 (br), 155.62 (br), 147.45, 142.93 (br), 140.18, 133.63 (br),
133.44, 131.03 (br), 130.56, 130.25, 127.32, 126.29, 122.68 (br), 121.79 (br), 121.57, 119.87, 118.53 (br),
111.51 (br), 106.32 (br). LCMS (Fleet, 10 - 90%): t, = 3.66 min, m/z: 388.3. HRMS [CyH14CIN; + H]":

388.10720 calculated, 388.10706 found.

N-(3-(1H-Benzol[d]imidazol-2-yl)-1H-pyrazol-4-yl)-2-(3-methoxyphenyl) pyrimidin-4-amine (36)

The title compound was synthesized from 95 (184 mg, 286 pmol)
N‘/j according to general procedure A (reaction time: 2 h). The crude was
A0 N7 NH loaded onto Celite and purified by automated column
mNj@ chromatography (30 — 60% EtOAc/DCM) to afford the product (76.8
HN*I\/‘ H mg, 200 uymol, 70%). "H NMR (500 MHz, DMSO) & 13.23 (br s, 2H),
10.21 (brs, 1H), 8.64 (brs, 1H), 8.46 (d, J = 5.8 Hz, 1H), 8.03 (d, J = 7.7
Hz, 1H), 7.99 - 7.97 (m, 1H), 7.75 (br s, 1H), 7.61 (br s, 1H), 7.46 (t, J = 7.9 Hz, TH), 7.29 - 7.23 (m, 2H),
7.09 (dd, J = 8.1, 2.5 Hz, 1H), 7.00 (d, J = 5.8 Hz, 1H), 3.88 (s, 3H). *C NMR (126 MHz, DMSO) & 163.21,
159.47, 158.62 (br), 155.59 (br), 147.56 (br), 142.92 (br), 139.63, 133.79 (br), 130.91 (br), 129.61, 122.21
(br), 121.89, 120.15, 119.78 (br), 118.56 (br), 116.31, 112.76, 111.49 (br), 105.80 (br), 55.09. LCMS (Fleet,

10 - 90%): t, = 3.44 min, m/z: 384.3. HRMS [C1H47N7O + H]": 384.15673 calculated, 384.15663 found.

N-(3-(1H-Benzo[d]imidazol-2-yl)-1H-pyrazol-4-yl)-2-(pyridin-3-yl)pyrimidin-4-amine (37)
The title compound was synthesized from 96 (148 mg, 240 pmol)
N/j according to general procedure A (reaction time: 4 h), using 10%
MeOH/EtOAc as organic layers in the work-up. The crude was purified by
(S_< silica gel column chromatography (3 — 5% MeOH/DCM) to afford the
j@ product (17 mg, 48 pmol, 20%). 'H NMR (400 MHz, DMSO) & 13.20 (br s,
), 10.24 (br's, 1H), 9.53 (dd, J = 2.2, 0.9 Hz, 1H), 8.73 (dd, J = 4.8, 1.7 Hz,
1H), 8.68 (dt, J = 8.0, 1.9 Hz, 1H), 8.59 (brs, 1H), 8.48 (d, J = 5.9 Hz, 1H), 7.64 (br s, 2H), 7.58 (ddd, J = 7.9,
4.7,0.9 Hz, 1H), 7.26 — 7.21 (m, 2H), 7.07 (d, J = 5.9 Hz, 1H). *C NMR (101 MHz, DMSO) & 161.81, 158.70,
155.65 (br), 151.16, 148.98, 147.37 (br), 143.05 (br), 135.16, 133.43, 130.80 (br), 123.77, 122.24 (br), 121.54,
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120.36 (br), 118.67 (br), 111.80 (br), 106.40 (br) (not all quaternary carbons were observed). LCMS (Fleet,
10 - 90%): t, = 2.62 min, m/z: 355.3. HRMS [Cq9H14Ng + H]*: 355.14142 calculated, 355.14143 found.

N-(3-(1H-Benzo[d]imidazol-2-yl)-1H-pyrazol-4-yl)-2-(3-isopropylphenyl)pyrimidin-4-amine (38)
The title compound was synthesized from 97 (72.4 mg, 110 pmol)
N‘/j according to general procedure A (reaction time: 2 h). The crude was
)\©)\N/ NH loaded onto Celite and purified by automated column
/S_(N]@ chromatography (20 — 55% EtOAc/DCM) to afford the product (35.5
HN?,G N mg, 89.8 umol, 81%). 'H NMR (500 MHz, DMSO) & 13.24 (br s, 2H),
10.19 (br's, TH), 8.63 (br's, 1H), 8.46 (d, J = 5.8 Hz, TH), 8.30 (t, J = 1.8
Hz, 1H), 8.22 (dt, J/ = 7.6, 1.5 Hz, 1H), 7.66 (br s, 2H), 7.45 (t, J = 7.6 Hz, 1H), 7.39 (dt, / = 7.7, 1.5 Hz, 1H),
7.28 - 7.22 (m, 2H), 7.01 (d, J = 5.9 Hz, TH), 3.01 (hept, J = 6.9 Hz, TH), 1.29 (d, J = 6.9 Hz, 6H). *C NMR
(126 MHz, DMSO) & 163.61, 158.60, 155.66 (br), 148.56, 147.55, 142.89 (br), 138.15, 133.73 (br), 130.83
(br), 128.75, 128.56, 125.53, 125.39, 122.22 (br), 121.91, 119.68 (br), 118.50 (br), 111.57 (br), 105.68 (br),
33.51, 23.98. LCMS (Fleet, 10 » 90%): t. = 4.11 min, m/z: 396.3. HRMS [C,3H»1N; + H]™: 396.19312

calculated, 396.19308 found.

N-(3-(1H-Benzo[d]imidazol-2-yl)-1H-pyrazol-4-yl)-2-(3,5-dichlorophenyl)pyrimidin-4-amine (39)
The title compound was synthesized from 98 (128 mg, 188 umol)
N‘/j\ according to general procedure A (reaction time: 2 h). The crude was
N~ "NH purified by HPLC (Agilent, 25 — 31% MeCN in 0.2% TFA (aq.)) after
/S_«N]@ which the fractions were concentrated and traces of TFA were
al HN?,G N removed by coevaporation with 1:1 MeCN/H20 (20 mL). The residue
was dissolved in EtOAc (20 mL) and poured into 1 M NaHCO:s (aq.) (20
mL). The organic layer was separated and the water layer extracted with EtOAc (20 mL). The combined
organic layers were washed with brine (30 mL), dried over Na2SOs, filtered and concentrated to afford
the product (35.4 mg, 83.8 umol, 45%). "H NMR (400 MHz, DMSO) & 13.43 (s, 1H), 13.04 (br s, 1H), 10.20
(brs, 1H), 8.46 (s, TH), 8.41 (d, J = 5.9 Hz, 1H), 8.22 (d, J = 2.0 Hz, 2H), 7.70 (t, J = 2.0 Hz, 1H), 7.62 (br s,
2H), 7.28 = 7.19 (m, 2H), 7.01 (d, J = 5.9 Hz, TH). >*C NMR (101 MHz, DMSO) & 160.69, 158.72, 155.49 (br),
147.40, 142.78 (br), 141.42, 134.44, 133.64 (br), 131.16 (br), 129.69, 126.09, 122.23 (br), 121.38, 119.92,
118.55 (br), 111.54 (br), 106.78 (br). LCMS (Finnigan, 10 - 90%): t. = 5.15 min, m/z: 422.4. HRMS

[C20H13CIoN7 + H]™: 422.06823 calculated, 422.06827 found.

Cl

N-(3-(1H-Benzol[d]imidazol-2-yl)-1H-pyrazol-4-yl)-2-(naphthalen-1-yl)pyrimidin-4-amine (40)
The title compound was synthesized from 99 (134 mg, 201 pmol)
O '\“/j\ according to general procedure A (reaction time: 2 h). The crude was
N~ NH purified by automated column chromatography (20 — 55% EtOAc/DCM)
O /S_(Nj@ to afford the product (49.3 mg, 122 pmol, 61%). '"H NMR (500 MHz,
HN?,\/I N DMSO) & 13.15 (br s, 2H), 10.27 (br s, 1H), 8.77 — 8.72 (m, 1H), 8.56 (d, J
= 5.9 Hz, 1H), 8.42 (s, TH), 8.09 — 8.05 (m, 2H), 8.04 — 7.99 (m, 1H), 7.74
(brs, 2H), 7.66 (dd, J = 8.2, 7.1 Hz, 1H), 7.59 — 7.55 (m, 2H), 7.29 — 7.24 (m, 2H), 7.11 (d, J = 5.9 Hz, 1H).
3C NMR (126 MHz, DMSO) & 165.78, 158.37 (br), 155.55 (br), 147.57 (br), 142.97 (br), 136.79, 133.80 (br),
133.64, 130.85 (br), 130.49, 129.78, 128.48, 128.41, 126.46, 126.10, 125.90, 125.34, 122.47 (br), 121.87,
119.89 (br), 118.55 (br), 111.55 (br), 105.33 (br). LCMS (Fleet, 10 - 90%): t. = 3.52 min, m/z: 404.3. HRMS

[C24H17N7 + H]™: 404.16182 calculated, 404.16171 found.

N-(3-(1H-Benzo[d]imidazol-2-yl)-1H-pyrazol-4-yl)-2-(1H-indol-7-yl)pyrimidin-4-amine (41)
A microwave vial was charged with 100 (92.6 mg, 142 umol) after which

%/N(j TBAF (1 M in THF, 2.5 mL) and ethylenediamine (28.6 uL, 425 pmol) were

added. The mixture heated to 80°C, stirred for 2 days and subsequently

/
N~ “NH
/S_(ND poured into H20 (20 mL). The product was extracted with EtOAc (2x20
HN,,\/, N mL) and the combined organic layers were concentrated as such. The

mixture was dissolved in 1:1 MeOH/DCM (2 mL) and transferred to a
microwave vial. Ethylenediamine (50 uL, 746 pmol) was added after which the vial was sealed and the
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mixture was stirred at 50°C for 1 h. The mixture was poured into H20 (20 mL) and the product extracted
with EtOAc (2x20 mL). The combined organic layers were concentrated as such, the crude was loaded
onto Celite and purified by automated column chromatography (25 — 100% EtOAc/DCM) to afford the
product (16.5 mg, 42.0 umol, 30%). '"H NMR (400 MHz, DMSO) & 13.40 (br s, 1H), 13.05 (br s, 1H), 11.57
(brs, TH), 10.14 (br s, TH), 8.65 (br s, 1H), 8.53 (d, J = 5.9 Hz, 1H), 8.30 (dd, J = 7.5, 1.1 Hz, 1H), 7.78 (d, J
= 7.6 Hz, 1H), 7.75 (br s, TH), 7.53 (br s, 1H), 7.47 (t, J = 2.8 Hz, 1H), 7.29 — 7.20 (m, 3H), 6.98 (br s, 1H),
6.57 (dd, J = 3.1, 2.1 Hz, TH). *C NMR (101 MHz, DMSO) & 164.17, 158.70 (br), 155.22 (br), 147.43 (br),
143.04 (br), 134.39, 133.72 (br), 131.46 (br), 129.23, 126.06, 123.35, 122.74 (br), 121.78 (br), 121.57 (br),
121.43, 120.68, 120.58 (br), 118.88, 118.62 (br), 111.55 (br), 105.11 (br), 101.47. LCMS (Fleet, 10 — 90%):
t, = 3.77 min, m/z: 393.3. HRMS [C5;H16Ng + H]": 393.15707 calculated, 393.15677 found.

N-(3-(1H-Benzol[d]imidazol-2-yl)-1H-pyrazol-4-yl)-2-(1H-indazol-4-yl)pyrimidin-4-amine (42)
The title compound was synthesized from 101 (101 mg, 155 pmol)

HN/N‘? N‘/j according to general procedure A (reaction time: 2.5 h). The crude was

N7 >NH loaded onto Celite and purified by automated column

mNj@ chromatography (60 — 100% EtOAc/DCM) to afford the product (36.5

HN?,\/‘ N mg, 92.8 pmol, 60%). '"H NMR (500 MHz, DMSO) & 13.66 — 12.82 (br

A m, 3H), 10.22 (br s, 1H), 8.87 (br s, 1H), 8.59 (br's, 1H), 8.57 (d, J = 5.8

Hz, 1H), 8.23 (d, J = 7.2 Hz, TH), 7.77 (br s, TH), 7.75 (d, J = 8.3 Hz, 1H), 7.58 (br s, 1H), 7.55 (dd, J = 8.3,

7.2 Hz, 1H), 7.29 — 7.22 (m, 2H), 7.04 (d, J = 5.9 Hz, TH). *C NMR (126 MHz, DMSO) & 164.02, 158.77,

155.86 (br), 147.54, 143.00 (br), 140.85, 135.20, 133.71 (br), 131.23, 125.79, 122.65 (br), 121.80, 121.16,

121.11, 120.10, 118.56 (br), 112.58, 111.58 (br), 105.48 (br). LCMS (Fleet, 10 » 90%): t. = 2.83 min, m/z:
394.3. HRMS [Cy1H15Ng + H]": 394.15232 calculated, 394.15214 found.

N-(3-(1H-Benzo[d]imidazol-2-yl)-1H-pyrazol-4-yl)-2-(naphthalen-2-yl)pyrimidin-4-amine (43)
The title compound was synthesized from 102 (68.5 mg, 103 pmol)
N‘/j according to general procedure A (reaction time: 2 h). The crude was
OO N” >NH loaded onto Celite and purified by automated column
/S_(N]@ chromatography (25 — 100% EtOAc/DCM) to afford the product (30.8
H,\H\/‘ N mg, 76.3 umol, 74%). 'H NMR (500 MHz, DMSO) & 13.23 (br s, 2H),
10.23 (br s, 1H), 9.00 (s, 1H), 8.72 (br s, 1H), 8.53 (dd, J = 8.7, 1.8 Hz,
1H), 8,51 (d, J = 5.8 Hz, 1H), 8.17 - 8.12 (m, 1H), 8.07 (d, J = 8.6 Hz, 1H), 8.02 - 7.96 (m, 1H), 7.67 (br s,
2H), 7.62 - 7.55 (m, 2H), 7.28 = 7.23 (m, 2H), 7.05 (d, J = 5.8 Hz, TH). *C NMR (126 MHz, DMSO) & 163.44,
158.76 (br), 155.74 (br), 147.56 (br), 142.82 (br), 135.56, 134.10, 133.87 (br), 132.84, 130.92 (br), 129.08,
128.06, 127.81, 127.65, 127.22, 126.49, 124.98, 122.27 (br), 121.83, 119.98 (br), 118.48 (br), 111.59 (br),
105.76 (br). LCMS (Finnigan, 10 = 90%): t. = 4.53 min, m/z: 404.4. HRMS [Ca4H¢7N7 + H]": 404.16182

calculated, 404.16163 found.

2-(3-Chlorophenyl)-N-(3-(5-(morpholinomethyl)-1H-benzo[d]imidazol-2-yl)-1H-pyrazol-4-
yl)pyrimidin-4-amine (44)
o. The title compound was synthesized from 119 (87.3 mg, 141

Néj\ [ pmol) according to general procedure A (reaction time: 1.5 h).
cl N7 NH N~ The crude was purified by automated column chromatography (0
O)\ N — 10% MeOH/EtOAC) to afford the product (53.6 mg, 110 pmol,

~ < 78%). 'H NMR (500 MHz, DMSO) & 13.73 — 12.63 (br m, 2H), 10.22

_ N
HN-N- R (br's, TH), 8.55 (s, TH), 8.44 (d, J = 5.8 Hz, TH), 8.35 — 8.33 (m, 2H),

7.67 —7.44 (m, 4H), 7.17 (dd, J = 8.3, 0.9 Hz, 1H), 7.02 (d, J = 5.9 Hz, 1H), 3.58 — 3.55 (m, 4H), 3.54 (s, 2H),
2.40 — 2.32 (m, 4H). 3C NMR (126 MHz, DMSO) & 162.02, 158.70, 155.56 (br), 147.54 (br), 142.27 (br),
140.20, 133.70 (br), 133.45, 132.07 (br), 130.92 (br), 130.48, 130.21, 127.35, 126.28, 123.61 (br), 121.62,
119.80 (br), 118.04 (br), 111.54 (br), 106.31 (br), 66.27, 62.98, 53.22. LCMS (Fleet, 10 = 90%): t. = 3.19 min,
m/z: 487.3. HRMS [C2sH23CINgO + HI": 487.17561 calculated, 487.17545 found.
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2-(3-Ethynylphenyl)-N-(3-(5-(morpholinomethyl)-1H-benzo[d]imidazol-2-yl)-1H-pyrazol-4-
yl)pyrimidin-4-amine (45)
o. The title compound was synthesized from 120 (44.0 mg, 64.8
“ N41 [ pumol) according to general procedure D (reaction time: 2 h). The
N SN SNH N~ crude was purified by automated column chromatography (0 —
N 10% MeOH/EtOAC) to afford the product (13.7 mg, 28.7 pmol,
m 44%). "H NMR (500 MHz, DMSO) & 13.40 (br s, 1H), 13.02 (br s,
HN-N- 1H), 10.20 (br s, TH), 8.55 (br s, 1H), 8.46 (d, J = 5.8 Hz, TH), 8.44
- 841 (m, 2H), 7.67 (brs, 1H), 7.65 (dt, J = 7.6, 1.5 Hz, 1H), 7.58 (t, J = 7.7 Hz, 1H), 7.45 (br s, 1H), 7.18 (d,
J=8.2Hz 1H), 7.04 (d, J = 5.9 Hz, 1H), 4.30 (s, TH), 3.61 —3.54 (m, 6H), 2.44 — 2.32 (m, 4H). *C NMR (126
MHz, DMSO) & 162.40, 158.74 (br), 155.65 (br), 147.48 (br), 142.91 (br), 142.19 (br), 138.49, 133.73 (br),
133.57, 132.54 (br), 131.32 (br), 130.88 (br), 130.77, 129.18, 128.26, 124.11 (br), 123.19 (br), 122.04, 121.64
(br), 119.98 (br), 118.96 (br), 118.01 (br), 111.67 (br), 111.04 (br), 106.37 (br), 83.35, 81.09, 66.27, 62.97,
53.24 (not all quaternary carbons were observed). LCMS (Fleet, 10 —» 90%): t. = 3.13 min, m/z: 477.3.
HRMS [C37H24NgO + H]™: 477.21458 calculated, 477.21467 found.

N-(3-(5-(Morpholinomethyl)-1H-benzo[d]imidazol-2-yl)-1H-pyrazol-4-yl)-2-(3-
(trifluoromethyl)phenyl)pyrimidin-4-amine (46)
o. The title compound was synthesized from 121 (112 mg, 173

N@\ pumol) according to general procedure A (reaction time: 2.5 h).
F30\©)\\N NH N~ The crude was purified by automated column chromatography
N (0 - 10% MeOH/EtOAc) to afford the product (62.6 mg, 120

A umol, 70%). '"H NMR (400 MHz, DMSO) & 13.59 — 12.90 (br m,

HN-N 2H), 10.26 (br s, TH), 8.68 — 8.63 (m, 2H), 8.54 (br s, 1H), 8.45 (d,
J=5.8Hz, TH), 7.86 (d, J = 7.7 Hz, TH), 7.76 (t, J = 8.0 Hz, 1H), 7.63 (br s, 1H), 7.50 (br s, 1H), 7.16 (d, J =
8.2 Hz, 1H), 7.03 (d, J = 5.9 Hz, 1H), 3.58 — 3.54 (m, 4H), 3.53 (s, 2H), 2.40 — 2.30 (m, 4H). 3C NMR (101
MHz, DMSO) & 161.86, 158.75, 155.59 (br), 147.56 (br), 142.95 (br), 142.25 (br), 139.01, 133.76 (br), 132.49
(br), 131.48,130.98 (br), 129.85, 129.58, 129.27, 128.95, 128.35, 126.96 (br), 126.92 (br), 126.89 (br), 126.85
(br), 125.65, 124.20 (br), 124.04 (br), 124.00 (br), 123.97 (br), 123.93 (br), 123.39 (br), 122.94, 121.62, 119.83
(br), 118.91 (br), 118.05 (br), 111.65 (br), 111.08 (br), 106.48 (br), 66.28, 63.00, 53.25. LCMS (Fleet, 10 —
90%): t, = 3.60 min, m/z: 521.25. HRMS [C6H23F3sNgO + H]": 521.20197 calculated, 521.20212 found.

3-(4-((3-(5-(Morpholinomethyl)-1H-benzo[d]imidazol-2-yl)-1H-pyrazol-4-yl)amino)pyrimidin-2-
yl)benzonitrile (47)
o. 122 (100 mg, 165 mmol) was dissolved in DCM (1 mL) after which

N41 [ TFA (0.33 mL) was added dropwise. The mixture was stirred for
NC\©/L\N NH N~ 7.5 h and subsequently sat. NaHCO:s (ag.) (10 mL) was added. The
N mixture was poured into H20 (10 mL) and the product extracted

7 with EtOAc (2x20 mL). The combined organic layers were

HN-N- | concentrated as such and suspended in 1:1 MeOH/DCM (5 mL).

Ethylenediamine (50 L, 746 pmol) was added after which the mixture was stirred for 30 min. The mixture
was poured into H20 (20 mL), the product extracted with DCM (20 mL) and subsequently with 5%
MeOH/DCM (20 mL). The combined organic layers were concentrated as such. The crude was purified
by automated column chromatography (1 - 20% MeOH/DCM) to afford the product (34.5 mg, 72.2 ymol,
44%). 'H NMR (400 MHz, DMSO) & 13.39 (s, 1H), 13.03 - 12.96 (2x s, 1H), 10.35-10.16 (2x s, 1H), 8.69 —
8.62 (m, 2H), 8.56 (br's, TH), 847 - 8.42 (2x d,J = 5.9 Hz, TH), 7.96 (dt, J = 7.7, 1.5 Hz, 1H), 7.73 (t, / = 8.1
Hz, 1H), 7.69 — 7.64 (m, 1H), 7.47 —= 7.42 (m, 1H), 7.21-7.13 (2x dd, J = 8.3, 1.5 Hz, 1H), 7.07 - 6.99 (2x d,
J =59 Hz 1H), 3.61 = 3.51 (m, 6H), 2.43 — 2.31 (m, 4H). *C NMR (101 MHz, DMSO) & 161.50, 158.72,
155.52 (br), 147.68 (br), 147.55 (br), 142.95, 142.23, 139.14, 133.87, 133.71, 132.82, 132.49 (br), 132.24,
131.24 (br), 131.06, 129.96, 124.14, 123.18, 121.52, 121.42, 120.02 (br), 118.93, 118.78, 118.03, 111.82,
111.68, 111.05, 106.62 (br), 66.26, 63.01, 62.93, 53.25, 53.20. LCMS (Fleet, 10 = 90%): t. = 3.04 min, m/z:
478.2. HRMS [C36H23NoO + H]™: 478.20983 calculated, 478.21008 found.
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2-(3-Chloro-2-fluorophenyl)-N-(3-(5-(morpholinomethyl)-1H-benzo[d]imidazol-2-yl)-1H-pyrazol-4-
yl)pyrimidin-4-amine (48)

o. The title compound was synthesized from 123 (86.8 mg, 137

F N41 [ pumol) according to general procedure B (reaction time: 3 h). The

Cl\ij/k\N NH N~ crude was purified by automated column chromatography (0 —

N 10% MeOH/EtOAc) to afford the product (56.1 mg, 111 pmol,

m Ij) 81%). '"H NMR (500 MHz, DMSO) & 13.31 (br s, 1H), 12.99 (br s,

HN-N - 1H), 10.40 — 10.16 (br m, TH), 8.55 (s, 1H), 8.46 (d, J = 5.8 Hz, TH),

8.08 —8.03 (m, 1H), 7.71 (ddd, J = 8.3, 6.7, 1.7 Hz, 1H), 7.68 (s, 1H), 7.45 (br s, 1H), 7.35 (td, / = 7.9, 1.0 Hz,

1H), 7.21-7.13 (br m, J = 8.4 Hz, TH), 7.10 - 7.03 (br m, 1H), 3.61 - 3.51 (m, 6H), 2.42 — 2.31 (m, 4H). '3C

NMR (126 MHz, DMSO) 6 161.16, 161.12, 158.28, 156.74, 155.42 (br), 154.71, 147.62 (br), 142.95 (br),

142.22 (br), 133.72 (br), 132.81 (br), 132.53 (br), 131.90, 131.32 (br), 130.75 (br), 130.53, 128.47, 128.39,

125.15, 125.11, 124.10 (br), 123.17 (br), 121.70 (br), 121.15, 121.01, 119.82 (br), 118.89 (br), 117.99 (br),

111.66 (br), 111.03 (br), 106.25 (br), 66.27, 62.98, 53.23. LCMS (Fleet, 10 - 90%): t. = 3.07 min, m/z: 505.3.
HRMS [C2sH22CIFNgO + H]™: 505.16619 calculated, 505.16584 found.

2-(3-Ethynyl-2-fluorophenyl)-N-(3-(5-(morpholinomethyl)-1H-benzo[d]imidazol-2-yl)-1H-pyrazol-4-
yl)pyrimidin-4-amine (49)

o. The title compound was synthesized from 124 (74.7 mg, 107

F Nq\ pumol) according to general procedure D (reaction time with TFA:

X SNTONH N“ 4 h). The crude was purified by automated column

N chromatography (0 — 10% MeOH/EtOAc) to afford the product

m (33.7 mg, 68.1 ymol, 64%). '"H NMR (400 MHz, DMSO) & 13.31

HN-N - | (brs, TH), 13.02 (br s, 1H), 10.25 (br s, TH), 8.56 (s, 1H), 8.47 (d, J

= 5.9 Hz 1H), 8.13 (td, J = 7.6, 1.8 Hz, 1H), 7.71 (ddd, J = 8.0, 6.4, 1.8 Hz, 1H), 7.66 (brs, 1H), 7.46 (br s,

1H), 7.36 (t, J = 7.7 Hz, 1H), 7.18 (d, / = 8.3 Hz, 1H), 7.08 (d, J = 5.9 Hz, 1H), 4.59 (s, 1H), 3.59 — 3.53 (m,

6H), 2.42 — 2.32 (m, 4H). *C NMR (101 MHz, DMSO) & 162.15, 161.31, 161.27, 159.58, 158.27, 155.48 (br),

147.58 (br), 142.89 (br), 142.20 (br), 135.27, 133.73 (br), 132.83 (br), 132.56, 132.54, 131.35 (br), 130.51

(br), 127.24, 127.15, 124.56, 124.51, 124.11 (br), 123.29 (br), 121.74, 120.02 (br), 118.90 (br), 118.07 (br),

111.69 (br), 111.55, 111.38, 111.04 (br), 106.16 (br), 86.59, 86.55, 77.03, 77.02, 66.28, 62.99, 53.25. LCMS

(Fleet, 10 - 90%): t, = 3.01 min, m/z: 495.2. HRMS [C27H,3FNgO + H]": 495.20516 calculated, 495.20496

found.

2-(5-Chloro-2-fluorophenyl)-N-(3-(5-(morpholinomethyl)-1H-benzo[d]imidazol-2-yl)-1H-pyrazol-4-
yl)pyrimidin-4-amine (50)
o. The title compound was synthesized from 125 (65.5 mg, 103

Néj\ [ ] pumol) according to general procedure B (reaction time: 4 h). The
C|\©\)\\N NH N~ crude was purified by automated column chromatography (0 —
N 10% MeOH/EtOAc) to afford the product (41.3 mg, 81.7 umol,

P 79%). '"H NMR (400 MHz, DMSO) & 13.09 (br s, 2H), 10.28 (br s,

HN-N- 1H), 8.55 (s, 1H), 846 (d, J = 5.9 Hz, 1H), 8.09 (dd, J = 6.6, 2.8 Hz,

1H), 7.61 (ddd, J = 8.8, 4.0, 2.8 Hz, 1H), 7.55 (br s, 2H), 7.44 (dd, J = 10.8, 8.8 Hz, TH), 7.17 (dd, J = 8.3, 1.5
Hz, 1H), 7.07 (d, J = 5.9 Hz, 1H), 3.59 — 3.52 (m, 6H), 2.41 — 2.32 (m, 4H). *C NMR (101 MHz, DMSO) &
160.65, 160.60, 160.49, 158.28, 157.97, 155.42 (br), 147.59, 131.94 (br), 131.53, 131.44, 130.92, 130.90,
130.66 (br), 128.33, 128.30, 128.19, 123.62 (br), 121.69, 119.99 (br), 119.16, 118.91, 106.35 (br), 66.28,
62.99, 53.25 (not all quaternary carbons were observed, neither were two —CH's of the benzimidazole).
LCMS (Fleet, 10 - 90%): t. = 3.04 min, m/z: 505.2. HRMS [C,sH2,CIFNgO + H]™: 505.16619 calculated,
505.16603 found.
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2-(3-Chlorophenyl)-5-methoxy-N-(3-(5-(morpholinomethyl)-1H-benzo[d]imidazol-2-yl)-1H-pyrazol-
4-yl)pyrimidin-4-amine (51)

c‘) o. The title compound was synthesized from 127 (50 mg, 77 pmol)

N%I according to general procedure B (reaction time: 5.5 h). The crude

CIO)\\N NH N~ was purified by automated column chromatography (1 - 20%

N MeOH/EtOAc) to afford the product (34.4 mg, 66.5 umol, 86%).

]ij) "H NMR (500 MHz, DMSO) & 13.67 — 12.76 (br m, 2H), 10.72 (br s,

HN-N- 1H), 8.61 (s, 1H), 8.31 — 8.25 (m, 2H), 8.19 (s, TH), 7.64 (br s, TH),

7.57 —7.50 (m, 2H), 7.45 (brs, 1H), 7.21 = 7.17 (br m, 1H), 4.14 (s, 3H), 3.61 — 3.53 (m, 6H), 2.42 - 2.33 (m,

4H). 3C NMR (126 MHz, DMSO) & 154.03, 149.70, 147.62 (br), 142.87 (br), 142.11 (br), 140.27, 139.76,

133.69 (br), 133.51, 133.38, 132.78 (br), 132.57 (br), 131.39 (br), 130.84 (br), 130.48, 129.22, 126.77, 125.76,

124.14 (br), 123.20 (br), 121.70, 119.00 (br), 118.90 (br), 117.99 (br), 111.71 (br), 111.11 (br), 66.28, 62.96,

56.62, 53.25. LCMS (Fleet, 10 - 90%): t, = 3.79 min, m/z: 517.3. HRMS [C36H25CINgO, + H]": 517.18618
calculated, 517.18628 found.

2-(3-Ethynylphenyl)-5-methoxy-N-(3-(5-(morpholinomethyl)-1H-benzo[d]imidazol-2-yl)-1H-
pyrazol-4-yl)pyrimidin-4-amine (52)
| The title compound was synthesized from 128 (52.9 mg, 74.6
O pmol ) according to general procedure D (reaction time with TFA:
/i [ The crude was purified by automated column
\Q)\ chromatography (1 = 15% MeOH/EtOAC) to afford the product
(S_< O) (30.1 mg, 59.4 ymol, 80%). '"H NMR (400 MHz, DMSO) & 13.39
(brs, TH), 13.03 (brs, TH), 10.81-10.61 (2x s, TH), 8.65 - 8.62 (2x
s, TH), 8.39 — 8.36 (m, 2H), 8.23 — 8.20 (2x s, TH), 7.68 — 7.62 (m,
1H), 7.59 (dt, J = 7.6, 1.6 Hz, 1H), 7.57 — 7.53 (m, 1H), 7.49 = 7.43 (m, 1H), 7.25-7.15 (2x d, J = 8.2 Hz,
1H), 4.29 (s, TH), 4.17 = 4.12 (2x 5, 3H), 3.61 - 3.53 (m, 6H), 2.42 — 2.33 (m, 4H). >C NMR (101 MHz, DMSO)
6 154.46, 149.72, 147.70 (br), 147.61 (br), 142.87, 142.12, 139.69, 138.56, 133.68 (br), 133.61, 132.78 (br),
132.60, 131.39 (br), 130.84 (br), 130.22, 129.10, 127.76, 124.17 (br), 123.20 (br), 121.96, 121.75, 118.91
(br), 118.00 (br), 111.69 (br), 111.09 (br), 83.54, 80.93, 66.28, 62.96, 56.68, 56.60, 53.25. LCMS (Fleet, 10 —
90%): t, = 3.68 min, m/z: 507.3. HRMS [CsH26NsO; + H]": 507.22515 calculated, 507.22522 found.

5-Methoxy-N-(3-(5-(morpholinomethyl)-1H-benzo[d]imidazol-2-yl)-1H-pyrazol-4-yl)-2-(3-
(trifluoromethyl)phenyl)pyrimidin-4-amine (53)
\ o. The title compound was synthesized from 129 (74.0 mg, 109

N4Io pumol) according to general procedure B (reaction time: 7 h). The
F30\©)\\N NH N~ crude was purified by automated column chromatography (1 -
N 20% MeOH/EtOAc) to afford the product (52.4 mg, 95.2 pmol,

7 88%). '"H NMR (400 MHz, DMSO) & 13.66 — 12.74 (br m, 2H),

HN-N 10.74 (s, TH), 8.63 — 8.56 (m, 3H), 8.19 (s, 1H), 7.82 — 7.78 (m, TH),

7.73 (t,J =7.7 Hz, 1H), 7.67 — 7.60 (br m, 1H), 7.48 = 7.42 (br m, 1H), 7.23 — 7.14 (br m, 1H), 4.14 (s, 3H),
3.62 —3.52 (m, 6H), 2.43 — 2.30 (m, 4H). *C NMR (101 MHz, DMSO) & 153.88, 149.75, 147.63 (br), 142.90
(br), 142.15 (br), 139.87, 139.07, 133.71 (br), 133.44, 132.81 (br), 132.58 (br), 131.38 (br), 130.93, 129.83
(br), 129.79, 129.51, 129.20, 128.88, 128.43, 125.93 (br), 125.90 (br), 125.86 (br), 125.83 (br), 125.73, 124.16
(br), 123.42 (br), 123.39 (br), 123.34 (br), 123.30 (br), 123.21 (br), 123.02, 121.71, 118.94 (br), 118.00 (br),
111.70 (br), 111.10 (br), 66.29, 62.98, 56.61, 53.26. LCMS (Fleet, 10 - 90%): t, = 4.22 min, m/z: 551.3.
HRMS [C37H25F3NgO; + H]™: 551.21253 calculated, 551.21229 found.
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3-(5-Methoxy-4-((3-(5-(morpholinomethyl)-1H-benzo[d]imidazol-2-yl)-1H-pyrazol-4-
yl)amino)pyrimidin-2-yl)benzonitrile (54)
c‘) o The title compound was synthesized from 130 (62.4 mg, 97.8
Néi pumol) according to general procedure B (reaction time: 7 h).
NC The crude was purified by automated column chromatography
(S_< (1 - 20% MeOH/EtOAc) to afford the product (44.6 mg, 87.9
umol, 90%). "H NMR (400 MHz, DMSO) & 13.50 — 12.66 (br m,
2H), 10.71 (s, TH), 8.60 (s, TH), 8.60 — 8.55 (m, 2H), 8.14 (s, TH),
7.87 (dt,J=7.7,14 Hz, 1H) 7.67 (t, J = 7.8 Hz, 1H), 7.62 (br s, TH), 7.45 (br s, 1H), 7.22 — 7.14 (m, 1H),
4.13 (s, 3H), 3.61—3.53 (m, 6H), 2.43 — 2.32 (m, 4H). >C NMR (101 MHz, DMSO) & 153.43, 149.71, 147.61
(br), 142.85 (br), 142.17 (br), 139.89, 139.18, 133.69 (br), 133.31, 132.82, 132.53 (br), 131.67, 131.44 (br),
130.80 (br), 130.42, 129.83, 124.14 (br), 123.21 (br), 121.60, 119.25 (br), 118.94, 118.01 (br), 111.71, 111.08
(br), 66.30, 62.99, 56.60, 53.27. LCMS (Fleet, 10 - 90%): t, = 3.66 min, m/z: 508.2. HRMS [C57H25NoO; +
H]*: 508.22040 calculated, 508.22051 found.

2-(3-Chloro-2-fluorophenyl)-5-methoxy-N-(3-(5-(morpholinomethyl)-1H-benzo[d]imidazol-2-yl)-
1H-pyrazol-4-yl)pyrimidin-4-amine (55)
(\) o_ The title compound was synthesized from 131 (60.3 mg, 90.6
F N4I [ ] pmol) according to general procedure B (reaction time: 4 h). The
Cl\ij/L\N NH N~ crude was purified by automated column chromatography (2 -
N 20% MeOH/EtOAC) to afford the product (42.1 mg, 78.7 umol,
m ]ij) 87%). "H NMR (400 MHz, DMSO) & 13.72 = 12.72 (br m, 2H), 10.74
HN-N- N —10.68 (2x s, TH), 8.60 (s, TH), 8.23 (s, TH), 8.05 (td, J = 7.8, 1.6 Hz,
1H), 7.70 - 7.60 (m, 2H), 7.48 — 7.42 (m, 1H), 7.33 (td, / = 7.9, 1.0 Hz, 1H), 7.24 - 7.14 (m, 1H), 4.18 — 4.12
(2x s, 3H), 3.60 — 3.53 (m, 6H), 2.41 - 2.33 (m, 4H). *C NMR (101 MHz, DMSO) & 156.79, 154.26, 152.83,
152.78, 149.38, 147.68, 147.59, 142.89, 142.15, 139.41, 133.71, 133.58, 132.81, 132.56, 131.37, 131.18,
130.57, 130.29, 130.28, 128.37, 128.28, 125.09, 125.04, 124.16, 123.20, 121.77, 121.17, 120.98, 119.37 (br),
118.93, 117.99, 111.71, 111.09, 66.29, 62.97, 56.64, 56.57, 53.26. LCMS (Fleet, 10 - 90%): t, = 3.70 min,
m/z: 535.3. HRMS [C36H24CIFNgO; + H]": 535.17675 calculated, 535.17673 found.

2-(3-Ethynyl-2-fluorophenyl)-5-methoxy-N-(3-(5-(morpholinomethyl)-1H-benzo[d]imidazol-2-yl)-
1H-pyrazol-4- yl)pyrimidin -4-amine (56)
o. The title compound was synthesized from 132 (85.7 mg, 118
[ pumol) according to general procedure D (reaction time with TFA:
3 h). The crude was purified by automated column
chromatography (1 — 20% MeOH/EtOAc) to afford the product
(S—< (50.2 mg, 95.7 ymol, 81%). '"H NMR (400 MHz, DMSO) & 13.32
(s, TH), 13.02 (s, 1H), 10.73 — 10.66 (2x s, TH), 8.64 — 8.61 (2x s,
H), 8.27 —8.22 (2x s, 1H), 8.13 (td, J = 7.7, 1.8 Hz, 1H), 7.68 — 7.63 (m, 2H), 7.47 — 7.43 (m, TH), 7.34 (t, J
= 7.8 Hz, 1H), 7.23 - 7.16 (2x dd, J = 8.2, 1.5 Hz, 1H), 4.58 (s, 1H), 4.17 — 4.13 (2x s, 3H), 3.60 — 3.55 (m,
6H), 2.42 — 2.33 (m, 4H). *C NMR (101 MHz, DMSO) & 161.95, 159.38, 152.98, 152.94, 149.34, 147.72,
147.62, 142.87, 142.13, 139.34, 134.53, 133.69, 133.65, 132.78, 132.58, 132.31, 132.28, 131.38, 130.74,
127.09, 127.00, 124.45, 124.41, 124.16, 123.19, 121.77, 119.13, 118.92, 117.99, 111.69, 111.51, 111.34,
111.08, 86.41, 86.38, 77.19, 77.17, 66.38, 66.28, 62.96, 56.65, 56.57, 53.26, 53.24. LCMS (Fleet, 10 — 90%):
t, = 3.61 min, m/z: 525.3. HRMS [CgH25FNgO, + H]": 525.21573 calculated, 525.21579 found.

2-(5-Chloro-2-fluorophenyl)-5-methoxy-N-(3-(5-(morpholinomethyl)-1H-benzo[d]imidazol-2-yl)-
1H-pyrazol-4-yl)pyrimidin-4-amine (57)

o. The title compound was synthesized from 133 (56.6 mg, 85.1
N4Io [ ] pumol) according to general procedure B (reaction time: 7 h). The
C|\©\)\N NH crude was purified by automated column chromatography (1 -
N 20% MeOH/EtOAC) to afford the product (40.9 mg, 76.5 umol,
F m ]ij) 90%). "H NMR (400 MHz, DMSO) & 13.61 - 12.81 (br m, 2H), 10.70
HN-N - (s, TH), 8.61 - 8.60 (2x s, TH), 8.22 (s, TH), 8.07 (dd, J = 6.7, 2.8 Hz,
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1H), 7.68 — 7.59 (br m, 1H), 7.55 (ddd, J = 8.8, 4.0, 2.8 Hz, 1H), 7.45 (br s, 1H), 7.41 (dd, J = 10.9, 8.8 Hz,
1H), 7.24 — 7.14 (br m, 1H), 4.15 (s, 3H), 3.61 — 3.53 (m, 6H), 2.42 — 2.32 (m, 4H). 3*C NMR (101 MHz,
DMSO) & 160.27, 157.76, 152.33, 152.28, 149.35, 147.64 (br), 142.89 (br), 142.14 (br), 139.43, 133.70 (br),
133.54, 132.80 (br), 132.58 (br), 131.40, 130.72, 130.63, 130.60, 130.58, 128.24, 128.21, 128.20, 128.09,
124.17 (br), 123.22 (br), 121.76, 119.12, 118.87, 118.00 (br), 111.71 (br), 111.09 (br), 66.29, 62.98, 56.61,
53.26. LCMS (Fleet, 10 —» 90%): t, = 3.68 min, m/z: 535.2. HRMS [Cz6H24CIFNgO, + H]": 535.17675
calculated, 535.17674 found.

2-(5-Ethynyl-2-fluorophenyl)-5-methoxy-N-(3-(5-(morpholinomethyl)-1H-benzo[d]imidazol-2-yl)-
1H-pyrazol-4-yl)pyrimidin-4-amine (58)
o. The title compound was synthesized from 134 (86.1 mg, 118
4Io [ pmol) according to general procedure D (reaction time with TFA:
X SNT S NH N~ 5 h). The crude was purified by automated column
N chromatography (1 — 20% MeOH/EtOAc) to afford the product
F m (46.9 mg, 89.4 ymol, 75%). '"H NMR (500 MHz, DMSO) & 13.31
HN-N- | (brs, TH), 13.02 (br's, TH), 10.74 - 10.65 (2x s, TH), 8.63 — 8.60 (2x
s, TH), 8.25 - 8.22 (2x s, 1H), 8.18 (dd, J = 7.5, 2.3 Hz, 1H), 7.68 — 7.60 (m, 2H), 7.48 — 7.43 (m, 1H), 7.40
(dd, J = 11.1, 8.5 Hz, 1H), 7.21 (2x dd, J = 8.2, 1.5 Hz, 1H), 4.24 (s, 1H), 4.18 — 4.13 (2x s, 3H), 3.62 — 3.53
(m, 6H), 2.43 — 2.32 (m, 4H). *C NMR (126 MHz, DMSO) & 161.29, 159.26, 152.66, 152.63, 149.37, 147.70,
147.60, 142.88, 142.13, 139.38, 134.73, 134.34, 134.27, 133.69, 133.63, 132.79, 132.58, 131.38, 130.76,
127.08, 126.99, 124.16, 123.20, 121.80, 119.10, 118.92, 118.07, 118.04, 117.99, 117.84, 117.65, 111.69,
111.08, 82.37, 80.75, 66.28, 62.96, 56.65, 56.57, 53.26. LCMS (Fleet, 10 —» 90%): t, = 3.59 min, m/z: 525.2.
HRMS [CagH25FNgO, + H]™: 525.21573 calculated, 525.21586 found.

2-(3-Chloro-2,6-difluorophenyl)-5-methoxy-N-(3-(5-(morpholinomethyl)-1H-benzo[d]imidazol-2-

yl)-1H-pyrazol-4-yl)pyrimidin-4-amine (59)

é o. The title compound was synthesized from 137 (10 mg, 15 pmol)

F N/ﬁi [ ] according to general procedure B (reaction time: 5 h). The crude

CI\@\)’\N/ NH N~ was purified by automated column chromatography (1 — 15%

N MeOH/EtOAc) to afford the product (7.1 mg, 13 umol, 88%). 'H

F m ]ij) NMR (600 MHz, DMSO) 6 13.41 — 12.84 (br m, 2H), 10.72 (br s,

HN-N - 1H), 8.36 (s, TH), 8.26 (s, 1H), 7.77 (td, J = 8.7, 5.5 Hz, TH), 7.71 -

7.57 (br m, 1H), 7.52 = 7.40 (br m, 1H), 7.34 (td, J = 9.0, 1.7 Hz, 1H), 7.23 = 7.18 (br m, 1H), 4.17 (s, 3H),

3.61 = 3.56 (m, 6H), 2.43 - 2.36 (m, 4H). *C NMR (151 MHz, DMSO) & 159.49, 159.46, 157.84, 157.80,

156.10, 156.05, 154.43, 154.38, 149.50, 148.65, 147.52 (br), 142.04 (br), 139.64, 134.67 (br), 133.56, 132.77

(br), 131.43 (br), 130.84, 130.77, 124.11 (br), 123.15 (br), 121.50, 119.14 (br), 119.07, 118.95, 118.94,

118.82, 117.97 (br), 116.06, 116.03, 115.94, 115.91, 113.36, 113.34, 113.20, 113.18, 111.67 (br), 111.05 (br),

66.25, 62.91, 56.66, 53.23. LCMS (Fleet, 10 » 90%): t. = 3.80 min, m/z: 553.3. HRMS [Cp6H,3CIF.NgO, +
H]*: 553.16733 calculated, 553.16754 found.

2-(3-Ethynyl-2,6-difluorophenyl)-5-methoxy-N-(3-(5-(morpholinomethyl)-1H-benzo[dlimidazol-2-
yl)-1H-pyrazol-4-yl)pyrimidin-4-amine (60)
o. The title compound was synthesized from 138 (24 mg, 32 uymol)

F N/jo according to general procedure D (reaction time with TFA: 5 h).

X ‘ N7 NH N~ The crude was purified by automated column chromatography
N (1 - 15% MeOH/EtOAc) to afford the product (16.6 mg, 30.6

F m pmol, 95%). 'TH NMR (400 MHz, DMSO) & 13.38 — 12.90 (br m,

HN-N 2H), 10.72 (s, TH), 8.36 (s, TH), 8.26 (s, 1H), 7.73 (td, J = 8.2, 6.1

Hz, 1H), 7.69 — 7.60 (br m, 1H), 7.49 = 7.41 (br m, 1H), 7.31 (td, J = 8.9, 1.3 Hz, 1H), 7.25 - 7.16 (br m, 1H),
4.57 (s, TH), 4.17 (s, 3H), 3.64 — 3.53 (m, 6H), 2.44 — 2.33 (m, 4H). *C NMR (101 MHz, DMSO) & 161.99,
161.92, 161.33, 161.27, 159.46, 159.39, 158.81, 158.75, 149.50, 148.72, 147.55 (br), 142.88 — 142.61 (m),
142.16 — 142.02 (m), 139.61, 134.45, 134.35, 133.67 (br), 133.58, 132.76 (br), 132.62 (br), 131.43 (br),
130.73 (br), 124.15 (br), 123.19 (br), 121.56, 119.18 (br), 118.93 (br), 118.27, 118.09, 118.01 (br), 117.90,
112.86, 112.82, 112.63, 112.60, 111.70 (br), 111.11 (br), 107.21, 107.17, 107.04, 107.00, 86.36, 76.02, 66.27,
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62.94, 56.67, 53.25. LCMS (Fleet, 10 - 90%): t, = 3.69 min, m/z: 543.3. HRMS [CygH24F2NgO, + H]™:
543.20630 calculated, 543.20646 found.

4-((2-(4-Nitro-1H-pyrazol-3-yl)-1H-benzo[d]imidazol-5-yl)methyl)morpholine (61)
[Oj The title compound was synthesized as described in Chapter 2 (compound 29)
N

4-((2-(4-Nitro-1-((2-(trimethylsilyl)ethoxy)methyl)-1H-pyrazol-3-yl)-1-((2-
(trimethylsilyl)ethoxy)methyl)-1H-benzo[d]imidazol-5-yl)methyl)morpholine (62) & 3 regioisomers
o. 61(3.07 g, 9.35 mmol) was suspended in dry DCM (45 mL) and cooled down
[ j to 0°C. DIPEA (5.1 mL, 29 mmol) was added after which SEM-CI (3.56 mL, 20.1
NO, N~ mmol) was added dropwise. The mixture was left to stir at 0°C and allowed
N to warm to RT overnight. The mixture was poured into 0.05 M NaHCOs (aq.)
]@2 (150 mL) and the product extracted with DCM (2x100 mL). The combined
organic layers were washed with brine (200 mL) and the layers were
separated. The brine layer was extracted with DCM (30 mL) after which the
combined organic layers were dried over NazSO,, filtered and concentrated. The crude was purified
several times either by manual or automated column chromatography to separate all four regioisomers
(total yield: 3.26 g, 5.54 mmol, 60%). NMR data (sorted on descending isomer lipophilicity as determined
by TLC analysis): Regioisomer 1 — yield (1.34 g, 2.28 mmol, 25%). '"H NMR (500 MHz, CDCls) & 8.29 (s,
1H), 7.79 (d, J = 8.3 Hz, 1H), 7.61 (s, 1H), 7.39 (dd, J = 8.4, 1.3 Hz, 1H), 5.83 - 5.40 (br m, 2H), 5.32 (br s,
2H), 3.75 — 3.70 (m, 4H), 3.67 (s, 2H), 3.62 (br s, 2H), 3.43 - 3.36 (m, 2H), 2.56 — 2.45 (m, 4H), 0.89 — 0.72
(m, 4H), -0.05 (s, 9H), -0.08 (s, 9H). *C NMR (126 MHz, CDCls) & 142.58, 139.22, 136.37, 136.13, 135.38,
135.30, 131.10, 125.13, 120.56, 111.35, 79.55, 74.39, 68.22, 67.14, 67.05, 63.81, 53.82, 17.94, 17.83, -1.33,
-1.42. LCMS (Finnigan, 10 = 90%): t. = 7.89 min, m/z: 589.1. Regioisomer 2 — yield (765 mg, 1.30 mmol,
14%). "H NMR (500 MHz, CDCls) § 8.28 (s, TH), 7.78 (s, 1H), 7.57 (d, J = 8.4 Hz, 1H), 7.45 (dd, J = 8.4, 1.2
Hz, 1H), 5.77 — 5.38 (br m, 2H), 5.31 (br s, 2H), 3.74 — 3.70 (m, 4H), 3.65 (s, 2H), 3.60 (br s, 2H), 3.42 — 3.35
(m, 2H), 2.52 — 2.46 (m, 4H), 0.87 — 0.72 (m, 4H), -0.06 (s, 9H), -0.09 (s, 9H). *C NMR (126 MHz, CDCl3) &
143.24, 139.27, 136.31, 136.11, 134.47, 133.60, 131.05, 126.36, 121.20, 110.85, 79.53, 74.45, 68.17, 67.12,
67.01, 63.57, 53.71, 17.89, 17.77, -1.38, -1.46. LCMS (Finnigan, 10 - 90%): t. = 8.00 min, m/z: 589.1.
Regioisomer 3 - yield (502 mg, 0.853 mmol, 9%). "H NMR (500 MHz, CDCls) & 8.48 (s, 1H), 7.75 (d, J =
8.3 Hz, 1H), 7.55 (s, TH), 7.31 (dd, J = 8.3, 1.3 Hz, 1H), 5.51 (s, 2H), 5.50 (s, 2H), 3.72 — 3.68 (m, 4H), 3.68 —
3.64 (m, 2H), 3.63 (s, 2H), 3.36 — 3.31 (m, 2H), 2.50 — 2.42 (m, 4H), 0.97 — 0.92 (m, 2H), 0.76 — 0.71 (m, 2H),
-0.02 (s, 9H), -0.15 (s, 9H). C NMR (126 MHz, CDCls) & 143.02, 142.38, 137.77, 135.63, 135.12, 134.29,
130.01, 124.66, 120.26, 111.10, 82.14, 73.76, 68.47, 67.04, 66.36, 63.79, 53.69, 17.90, 17.65, -1.36, -1.48.
LCMS (Finnigan, 10 - 90%): t. = 7.53 min, m/z: 589.1. Regioisomer 4 - yield (649 mg, 1.10 mmol, 12%).
"H NMR (500 MHz, CDCls) 6 8.49 (s, 1H), 7.76 (s, 1H), 7.53 (d, J = 8.4 Hz, 1H), 7.38 (dd, J = 8.4, 1.2 Hz, TH),
5.51 (s, 2H), 5.50 (s, 2H), 3.71 — 3.68 (m, 4H), 3.68 — 3.64 (m, 2H), 3.63 (s, 2H), 3.36 — 3.31 (m, 2H), 2.50 —
2.44 (m, 4H), 0.98 —0.93 (m, 2H), 0.77 - 0.72 (m, 2H), -0.01 (s, 9H), -0.15 (s, 9H). 3C NMR (126 MHz, CDCls)
6 143.15, 143.09, 137.79, 135.69, 134.31, 132.95, 129.99, 125.68, 121.13, 110.56, 82.19, 73.88, 68.53, 67.09,
66.40, 63.64, 53.64, 17.94, 17.65, -1.33, -1.46. LCMS (Finnigan, 10 - 90%): t. = 7.70 min, m/z: 589.1.

SEM  SEM

3-(5-(Morpholinomethyl)-1-((2-(trimethylsilyl)ethoxy)methyl)-1H-benzo[d]imidazol-2-yl)-1-((2-
(trimethylsilyl)ethoxy)methyl)-1H-pyrazol-4-amine (63)
o. 62 (502 mg, 853 pmol) was dissolved in degassed MeOH (10 mL). 10% Pd/C
(60 mg) was added and the atmosphere was exchanged for H.. The reaction
NH, N~ was vigorously stirred for 3.5 h while bubbling Hz through the mixture. The
N atmosphere was exchanged for Nz, the mixture was filtered over Celite and
]@2 concentrated to afford the product, which was used as such in subsequent
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reaction (471 mg, 853 pmol, 99%). LCMS (Finnigan, 10 = 90%): t, = 6.59 min, m/z: 559.1.

2-Chloro-N-(3-(5-(morpholinomethyl)-1-((2-(trimethylsilyl)ethoxy)methyl)-1H-benzo[d]imidazol-2-
yl)-1-((2-(trimethylsilyl)ethoxy)methyl)-1H-pyrazol-4-yl)pyrimidin-4-amine (64)
63 (471 mg, 843 pmol) was dissolved in EtOH (2 mL) after which DIPEA

N [ (450 pL, 2.69 mmol) and 2,4-dichloropyrimidine (119 mg, 801 pmol) were
Cl)‘\N/ NH N~ added. The mixture was stirred at 40°C for 3 days and subsequently
N poured into H20 (50 mL). The product was extracted with DCM (2x50
d p /N mL) and the combined organic layers were washed with brine (100 mL),

N-N

dried over Na>SOy, filtered and concentrated. The crude was purified by
silica gel column chromatography (1 — 4% MeOH/DCM) to afford the
product (305 mg, 455 pmol, 54%). "H NMR (500 MHz, CDCls) & 11.00 (s, TH), 8.57 (s, 1H), 8.11 (d, J = 5.8
Hz, 1H), 7.70 (d, J = 8.2 Hz, 1H), 7.56 (s, 1H), 7.32 (dd, J = 8.3, 1.4 Hz, 1H), 6.68 (d, J = 5.8 Hz, TH), 6.26 (s,
2H), 5.50 (s, 2H), 3.75 - 3.69 (m, 4H), 3.69 - 3.60 (m, 6H), 2.54 — 2.44 (m, 4H), 0.99 - 0.94 (m, 2H), 0.90 -
0.85 (m, 2H), 0.00 (s, 9H), -0.12 (s, 9H). *C NMR (126 MHz, CDCls) & 160.95, 159.52, 156.33, 146.84, 141.60,
135.03, 133.84, 131.70, 124.71, 124.39, 121.18, 118.78, 111.47, 106.27, 81.29, 73.92, 67.17, 67.10, 66.15,
63.87, 53.76, 17.96, 17.83, -1.29, -1.34. LCMS (Finnigan, 10 = 90%): t, = 8.73 min, m/z: 671.1.

N-(3-(5-(Morpholinomethyl)-1-((2- (trimethylsilyl)ethoxy)methyl)-1H-benzo[d]imidazol-2-yl)-1-((2-
(trimethylsilyl)ethoxy)methyl)-1H-pyrazol-4-yl)-2-((trimethylsilyl)ethynyl) pyrimidin-4-amine (65)
A microwave vial was charged with 64 (104 mg, 155 pmol) and

N7 [ EtsN (1 mL). N2 was bubbled through the mixture for 1 min after

‘/N:LNH N~ which PdClx(PPhs). and Cu(l)l were added. N2 was bubbled

™S Z N through the mixture for 30 sec after which ethynyltrimethylsilane
m (100 pL, 722 umol) was added and the vial was sealed. The mixture

N-N N was heated to 89°C and stirred for 5 h. Ethynyltrimethylsilane (50

SEM SEM uL, 361 umol) was added via syringe and the mixture was stirred

at 90°C for 16 h. The mixture was diluted in MeOH (15 mL), filtered over Celite and subsequently
concentrated. The crude was purified by automated column chromatography (0 — 10% MeOH/EtOAc) to
afford the product (19.1 mg, 26.1 ymol, 17%). "H NMR (500 MHz, CDCls) & 8.16 (d, J = 6.0 Hz, 1H), 8.05
(brs, TH), 7.76 (br s, 1H), 7.72 (s, 1H), 7.44 (d, / = 8.3 Hz, 1H), 7.39 (dd, J = 8.4, 1.3 Hz, 1H), 6.49 (d, / = 6.0
Hz, 1H), 5.54 (s, 2H), 5.38 (s, 2H), 3.73 = 3.69 (m, 4H), 3.63 (s, 2H), 3.58 — 3.49 (m, 4H), 2.52 — 2.43 (m, 4H),
0.98 - 0.92 (m, 2H), 0.79 - 0.73 (m, 2H), 0.24 (s, 9H), -0.06 (s, 9H), -0.09 (s, 9H). >*C NMR (126 MHz, CDCls)
& 156.37, 152.04, 143.31, 142.29, 134.75, 134.56, 133.52, 125.97, 120.95, 110.24, 102.89, 92.42, 79.05,
73.79, 67.68, 67.30, 67.13, 63.58, 53.70, 17.99, 17.95, -0.30, -1.34, -1.42 (not all quaternary carbons were
observed). LCMS (Finnigan, 10 —» 90%): t. = 6.64 min, m/z: 661.2.

N-(3-(5-(Morpholinomethyl)-1-((2-(trimethylsilyl)ethoxy)methyl)-1H-benzo[d]imidazol-2-yl)-1-((2-
(trimethylsilyl)ethoxy)methyl)-1H-pyrazol-4-yl)-2-phenylpyrimidin-4-amine (66)
A microwave vial was charged with 64 (65.8 mg, 98.0 ymol),

N/\/L [0 phenylboronic acid (20.3 mg, 167 pmol), K2COs (4.7 M (aq.), 83 pL,
©)\N/ NH N~ 392 pmol) and dioxane (0.33 mL). N2 was bubbled through the
N mixture for 1 min after which Pd(dppf)Clo-DCM (4.0 mg, 4.9 umol) was

m added. N2 was bubbled through the mixture for 30 sec after which

SEM N-N SEMN the vial was sealed. The mixture was heated to 90°C, stirred for 3.5 h

and subsequently poured into H.O (20 mL). The product was
extracted with DCM (2x20 mL) and the combined organic layers were washed with brine (40 mL), dried
over NazSOy, filtered and concentrated. The crude was purified by automated column chromatography
(50 — 100% EtOAc/pentane) to afford the product (34.2 mg, 47.9 umol, 49%). 'H NMR (400 MHz, CDCls)
6 10.72 (s, 1H), 8.79 (s, TH), 8.44 — 8.38 (m, 3H), 7.75 (d, J = 8.2 Hz, 1H), 7.58 (s, 1H), 7.56 — 7.48 (m, 3H),
7.35(dd, J = 8.3, 1.4 Hz, 1H), 6.74 (d, J = 5.8 Hz, 1H), 6.30 (s, 2H), 5.56 (s, 2H), 3.77 — 3.73 (m, 4H), 3.72 -
3.62 (m, 6H), 2.54 — 2.48 (m, 4H), 1.02 - 0.96 (m, 2H), 0.92 — 0.87 (m, 2H), -0.01 (s, 9H), -0.10 (s, 9H). ™*C
NMR (101 MHz, CDCls) & 164.85, 158.81, 155.36, 147.17, 141.86, 138.87, 135.14, 133.62, 131.67, 130.41,
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128.60, 128.22, 125.52, 124.69, 120.44, 118.90, 111.51, 106.05, 81.46, 73.99, 67.20, 67.15, 66.14, 63.96,
53.80, 18.01, 17.92, -1.24, -1.29. LCMS (Finnigan, 10 - 90%): t. = 7.03 min, m/z: 713.3.

N-(3-(5-(Morpholinomethyl)-1-((2- (trimethylsilyl)ethoxy)methyl)-1H-benzo[d]imidazol-2-yl)-1-((2-
(trimethylsilyl)ethoxy)methyl)-1H-pyrazol-4-yl)-2-phenoxypyrimidin-4-amine (67)
NaH (60% in mineral oil, 46 mg, 1.15 mmol) was suspended in

o}
N [ j dioxane (4 mL) and cooled down to 0°C. Phenol (116 mg, 1.23
)‘\ Z N i i
o}

N NH mmol) was carefully added (Hz evolution) and the mixture was
N]ij) allowed to warm to RT and stirred for 30 min. Of this mixture, 400

@& /N pL was added to a microwave vial charged with 64 (27.6 mg, 41.1
SEM'NiN SEM umol) after which the vial was sealed and the mixture was stirred

at 100°C for 16 h. Extra sodium phenolate was prepared freshly as
described above, of which 100 yL was added to the mixture which was continued to stir at 100°C for 24
h. The mixture was poured into 1 M NaHCOs (aq.) (20 mL) and the product extracted with DCM (2x20
mL). The combined organic layers were concentrated as such and purified by automated column
chromatography (0 - 15% MeOH/DCM) to afford the product (18 mg, 24.7 umol, 60%). '"H NMR (500
MHz, CDCl3) & 10.76 (s, 1H), 8.19 (d, J = 5.8 Hz, 1H), 7.73 (s, TH), 7.56 — 7.45 (m, 4H), 7.36 — 7.31 (m, 2H),
7.30-7.27 (m, 2H), 6.52 (d, J = 5.8 Hz, 1H), 6.23 (s, 2H), 5.19 (s, 2H), 3.76 — 3.71 (m, 4H), 3.66 (s, 2H), 3.59
—3.55 (m, 2H), 3.54 — 3.50 (m, 2H), 2.55 - 2.45 (m, 4H), 0.94 — 0.89 (m, 2H), 0.88 — 0.83 (m, 2H), -0.00 (s,
9H), -0.13 (s, 9H). *C NMR (126 MHz, CDCls) & 166.10, 160.02, 157.35, 153.79, 147.16, 142.48, 134.32,
131.71, 129.76, 125.20, 124.60, 123.03, 121.44, 119.76, 110.78, 102.42, 80.96, 74.03, 67.16, 66.95, 66.06,
63.85, 53.75, 17.95, 17.87, -1.21, -1.33. LCMS (Finnigan, 10 - 90%): t, = 7.37 min, m/z: 729.2.

2-(Benzyloxy)-N-(3-(5-(morpholinomethyl)-1-((2-(trimethylsilyl)ethoxy)methyl)-1H-
benzo[d]imidazol-2-yl)-1-((2-(trimethylsilyl)ethoxy)methyl)-1H-pyrazol-4-yl)pyrimidin-4-amine (68)
NaH (60% in mineral oil, 90.0 mg, 2.25 mmol) was suspended in

NERS [ dioxane (3 mL) and cooled down to 0°C. Benzyl alcohol (250 pL,
)‘\/:l\ 2.41 mmol) was carefully added (H2 evolution) and the mixture
0" 'N" NH N was allowed to warm to RT and stirred for 2 h. Of this mixture,
7 300 pL was added to a microwave vial charged with 64 (80.9 mg,
SEM,N*N SEM/N 120 pmol) after which the vial was sealed and the mixture was

stirred at 90°C for 16 h. The mixture was poured into H20 (20
mL) and brine (0.5 mL), and the product extracted with DCM (2x20 mL). The combined organic layers
were concentrated as such and purified by automated column chromatography (1 - 10% MeOH/DCM)
to afford the product (63.3 mg, 85.2 umol, 71%). '"H NMR (400 MHz, CDCls) & 8.12 (br s, 1H), 8.05 (br s,
1H), 8.01 (d, J = 5.8 Hz, 1H), 7.65 (d, J = 8.3 Hz, 1H), 7.46 — 7.40 (m, 3H), 7.35 - 7.30 (m, 2H), 7.30 - 7.26
(m, 2H), 6.21 (d, J = 5.8 Hz, TH), 5.52 (s, 2H), 5.35 (s, 2H), 5.34 (s, 2H), 3.74 - 3.67 (m, 4H), 3.61 (s, 2H), 3.54
—3.46 (m, 4H), 2.53 - 2.41 (m, 4H), 0.93 - 0.86 (m, 2H), 0.78 — 0.70 (M, 2H), -0.09 (s, 9H), -0.10 (s, 9H). "*C
NMR (101 MHz, CDCl3) & 165.11, 162.37 (br), 157.83 (br), 142.48, 142.37, 136.83, 135.17, 134.75 (br),
134.53, 128.42, 127.91, 127.86, 124.89, 124.49 (br), 119.84, 110.94, 99.29 (br), 78.83, 73.75, 68.68, 67.38,
67.12, 67.06, 63.74, 53.72, 17.99, 17.87, -1.40, -1.46. LCMS (Finnigan, 10 = 90%): t. = 6.82 min, m/z: 743.3.

N-(3-(5-(Morpholinomethyl)-1-((2- (trimethylsilyl)ethoxy)methyl)-1H-benzo[d]imidazol-2-yl)-1-((2-
(trimethylsilyl)ethoxy)methyl)-1H-pyrazol-4-yl)-2-phenethoxypyrimidin-4-amine (69)
NaH (60% in mineral oil, 120 mg, 3.02 mmol) was suspended

NTX [ j in dioxane (6 mL), phenethyl alcohol (400 uL, 3.34 mmol) was
Q\A )‘::l\ carefully added and the mixture was stirred at 45°C for 3 h.
o7 N N The mixture was cooled down to RT and 300 plL was added to
7 . a microwave vial charged with 64 (61.3 mg, 91.3 pmol) after
N-N

which the vial was sealed and the mixture was stirred at 90°C
for 16 h. The mixture was poured into H20 (20 mL) and the
product extracted with DCM (2x20 mL). The combined organic layers were concentrated as such and
purified by automated column chromatography (50 — 100% EtOAc/pentane) to afford the product (30.6
mg, 40.4 umol, 44%). '"H NMR (400 MHz, CDCls) & 10.72 (s, 1H), 8.57 (s, TH), 8.11 (d, J/ = 5.7 Hz, 1H), 7.75

SEM  SEM
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(s, TH), 7.54 (d, J = 8.3 Hz, TH), 7.38 — 7.30 (m, 5H), 7.26 — 7.22 (m, 1H), 6.46 (d, J = 5.8 Hz, TH), 6.27 (s,
2H), 5.45 (s, 2H), 4.61 (t, J = 7.5 Hz, 2H), 3.77 = 3.71 (m, 4H), 3.67 (s, 2H), 3.66 — 3.57 (m, 4H), 3.19 (t, J =
7.5 Hz, 2H), 2.55 — 2.47 (m, 4H), 0.98 — 0.90 (m, 2H), 0.93 — 0.84 (m, 2H), -0.01 (s, 9H), -0.11 (s, 9H). "*C
NMR (101 MHz, CDCls) & 165.42, 160.49, 156.54, 147.18, 142.49, 138.32, 134.32, 132.80, 131.60, 129.13,
128.62, 126.57, 125.22, 125.20, 120.69, 119.79, 110.73, 101.95, 81.26, 74.02, 67.77, 67.14, 67.09, 66.08,
63.84, 53.73, 35.52, 17.94, 17.85, -1.25, -1.33. LCMS (Finnigan, 10 = 90%): t, = 7.75 min, m/z: 757.3.

N-(3-(5-(Morpholinomethyl)-1-((2- (trimethylsilyl)ethoxy)methyl)-1H-benzo[d]imidazol-2-yl)-1-((2-
(trimethylsilyl)ethoxy)methyl)-1H-pyrazol-4-yl)-2-(1H-pyrazol-1-yl)pyrimidin-4-amine (70)
NaH (60% in mineral oil, 74 mg, 1.85 mmol) was suspended in dioxane

NS [ j (2 mL) and cooled down to 0°C. 1H-Pyrazole (155 mg, 2.28 mmol) was

)‘\ P N~ carefully added (Hz evolution) and the mixture was allowed to warm
CE N NA N to RT and stirred for 1.5 h. Of this mixture, 300 yL was added to a
m microwave vial charged with 64 (136 mg, 203 umol) after which the

N-N N vial was sealed and the mixture was stirred at 90°C for 45 min. The

mixture was poured into H20 (20 mL) and the product extracted with
DCM (2x20 mL). The combined organic layers were concentrated as such and purified by automated
column chromatography (70 — 100% EtOAc/pentane, then 0 — 10% MeOH/EtOAc) to afford the product
(78.2 mg, 111 umol, 55%). '"H NMR (500 MHz, CDClz) & 10.98 (s, 1H), 8.86 (s, 1H), 8.56 —8.52 (m, 1H), 8.29
(d, J = 5.8 Hz, 1H), 7.84 — 7.80 (m, 1H), 7.76 — 7.74 (m, 1H), 7.54 (d, / = 8.3 Hz, 1H), 7.33 (dd, / = 8.3, 1.4
Hz, 1H), 6.69 (d, J = 5.8 Hz, 1H), 6.48 (dd, J = 2.6, 1.6 Hz, TH), 6.27 (s, 2H), 5.55 (s, 2H), 3.76 — 3.70 (m, 4H),
3.72 - 3.65 (m, 2H), 3.66 (s, 2H), 3.65 — 3.59 (m, 2H), 2.50 (s, 4H), 1.01 = 0.94 (m, 2H), 0.91 — 0.85 (m, 2H),
-0.02 (s, 9H), -0.12 (s, 9H). 3C NMR (126 MHz, CDCl3) & 159.45, 156.01, 147.12, 143.05, 142.40, 134.28,
132.84, 131.67, 128.80, 125.20, 124.97, 121.25, 119.71, 110.72, 108.15, 105.21, 81.36, 74.00, 67.19, 67.09,
66.08, 63.79, 53.69, 17.92, 17.83, -1.30, -1.37. LCMS (Finnigan, 10 - 90%): t. = 8.03 min, m/z: 703.2.

N-(3-(5-(Morpholinomethyl)-1-((2- (trimethylsilyl)ethoxy)methyl)-1H-benzo[d]imidazol-2-yl)-1-((2-
(trimethylsilyl)ethoxy)methyl)-1H-pyrazol-4-yl)-2-(thiophen-3-yl)pyrimidin-4-amine (71)
A microwave vial was charged with 64 (750 mg, 112 pmol),
N [ thiophene-3-boronic acid pinacol ester (27.5 mg, 134 umol), K2COs
‘/j\ N~ (61.8 mg, 447 pmol), dioxane (0.8 mL) and H20 (0.2 mL). N2 was
SQ)\N NH N bubbled through the mixture for 1 min after which Pd(dppf)CloDCM
m (6.5 mg, 8.0 ymol) was added. N> was bubbled through the mixture
N-N N for 30 sec after which the vial was sealed and the mixture was stirred
at 100°C for 6 h. The mixture was diluted in 1:1:1 EtOAc/H.O/brine (9
mL) and filtered over Celite. The mixture was poured into H20 (10 mL) and EtOAc (10 mL) and the layers
were separated. The organic layer was washed with brine (10 mL), dried over Na2SO,, filtered and
concentrated. The crude was purified by automated column chromatography (0 — 10% MeOH/DCM) and
used as such in subsequent reaction (yield: 43.2 mg). LCMS m/z: 719.3.

SEM  SEM

N-(3-(5-(Morpholinomethyl)-1-((2-(trimethylsilyl)ethoxy)methyl)-1H-benzo[d]imidazol-2-yl)-1-((2-
(trimethylsilyl)ethoxy)methyl)-1H-pyrazol-4-yl)-2-(thiophen-2-yl)pyrimidin-4-amine (72)
A microwave vial was charged with 64 (75.0 mg, 112 umol),

N [ thiophene-2-boronic acid pinacol ester (27.5 mg, 134 pmol), K2COs

s ‘/ND\NH N~ (61.8 mg, 447 pmol), dioxane (0.8 mL) and H20 (0.2 mL). N2 was
\ N bubbled through the mixture for 1 min after which Pd(dppf)Cl.-DCM
m (6.5 mg, 8.0 ymol) was added. N2 was bubbled through the mixture

SEM,N*N SEM/N for 30 sec after which the vial was sealed and the mixture was stirred

at 100°C for 6 h. The mixture was poured into H20 (10 mL) and the
product extracted with DCM (10 mL). The organic layer was concentrated as such and purified by
automated column chromatography (0 — 10% MeOH/DCM) and used as such in subsequent reaction
(yield: 59.6 mg). LCMS (Finnigan, 10 - 90%): t. = 7.31 min, m/z: 719.3.
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2-(4-Nitro-1H-pyrazol-3-yl)-1H-benzo[d]limidazole (73)

NO, Benzene-1,2-diamine (9.39 g, 87.0 mmol), 4-nitro-1H-pyrazole-3-carboxylic acid
mN]@ (13.6 g, 87.0 mmol), EDC-HCI (16.7 g, 87.0 mmol) and HOBt (11.7 g, 87.0 mmol) were
HN*I\/‘ H mixed in DMF (140 mL) and stirred for 18 h. The mixture was concentrated at 60°C
after which AcOH (110 mL) was added and the reaction was stirred at 118°C for 75
min. Sat. NaHCOs (aq.) (440 mL) was added carefully while the mixture was stirred vigorously. The mixture
was stirred for 1 h, filtered and the solids were washed with H20 (2x50 mL). The solids were collected
and traces of water were removed by coevaporation with MeOH to afford the product (14.0 g, 60.9
mmol, 70%). "H NMR (400 MHz, DMSO) & 14.55 (brs, TH), 13.01 (brs, 1H), 8.84 (br s, 1H), 7.74 — 7.67 (m,
2H), 7.33 = 7.24 (m, 2H). *C NMR (101 MHz, DMSO) & 158.83, 141.58, 135.26, 134.13, 132.96, 122.89,

115.69 (br). LCMS (Finnigan, 0 - 90%): t. = 4.51 min, m/z: 230.1.

2-(4-Nitro-1-((2- (trimethylsilyl)ethoxy)methyl)-1H-pyrazol-3-yl)-1-((2-(trimethylsilyl)ethoxy)methyl)-
1H-benzo[d]imidazole (74)
73 (10.0 g, 43.6 mmol) was suspended in DCM (220 mL) and cooled down to 0°C.

NO
2 N DIPEA (22.8 mL, 131 mmol) was added after which SEM-CI (17 mL, 96 mmol) was
r—< added dropwise. The mixture was stirred at 0°C for 15 min and then allowed to
SEMINfN SEM warm to RT and stirred for 1.5 h. The mixture was poured into 0.05 M NaHCOs

(ag.) (300 mL) and the organic layer was separated. The water layer was extracted
with DCM (150 mL) after which the combined organic layers were washed with brine (300 mL). The brine
layer was extracted with DCM (100 mL) after which the organic layers were combined, dried over Na>SOs,
filtered and concentrated. The crude was purified by silica gel chromatography (twice, 0 — 3%
MeOH/DCM) to afford both regioisomers in pure form (total yield: 17.2 g, 35.2 mmol, 81%). NMR data
(sorted on descending isomer lipophilicity): Regioisomer 1 —yield (8.45 g, 17.3 mmol, 40%). "H NMR (400
MHz, CDCls) & 8.30 (s, 1H), 7.86 (dd, J = 7.3, 1.0 Hz, 1H), 7.65 - 7.62 (m, 1H), 7.44 (td, J = 7.7, 1.3 Hz, 1H),
7.39 (td, J = 7.7, 1.3 Hz, 1H), 5.75 — 5.40 (br m, 2H), 5.39 — 5.29 (br m, 2H), 3.70 — 3.54 (br m, 2H), 3.44 -
3.36 (m, 2H), 0.90 - 0.70 (m, 4H), -0.05 (s, 9H), -0.08 (s, 9H). *C NMR (101 MHz, CDCl3) § 143.11, 139.14,
136.31, 136.11, 135.19, 131.04, 124.92, 123.60, 120.90, 111.13, 79.52, 74.38, 68.15, 67.00, 17.86, 17.76, -
1.40, -1.47. LCMS (Finnigan, 10 - 90%): t. = 10.86 min, m/z: 490.0. Regioisomer 2 — yield (8.78 g, 17.9
mmol, 41%). "H NMR (400 MHz, CDCls) & 8.49 (s, 1H), 7.85 (dd, J = 7.1, 1.4 Hz, 1H), 7.60 (dd, J = 7.0, 1.3
Hz, 1H), 7.41 - 7.32 (m, 2H), 5.53 (s, 2H), 5.52 (s, 2H), 3.72 — 3.65 (m, 2H), 3.39 - 3.32 (m, 2H), 1.00 - 0.94
(m, 2H), 0.79 - 0.73 (m, 2H), 0.00 (s, 9H), -0.13 (s, 9H). *C NMR (101 MHz, CDCl3) & 143.03, 142.98, 137.81,
135.71, 135.04, 129.99, 124.23, 123.20, 120.73, 110.85, 82.21, 73.84, 68.55, 66.43, 17.95, 17.68, -1.32, -
1.45. LCMS (Finnigan, 10 = 90%): t. = 9.48 min, m/z: 490.0.

1-((2-(Trimethylsilyl)ethoxy)methyl)-3-(1-((2-(trimethylsilyl)ethoxy)methyl)-1H-benzo[d]limidazol-2-
yl)-1H-pyrazol-4-amine (75)

NH, 74 (8.78 g, 17.9 mmol) was dissolved in degassed MeOH (220 mL). 10% Pd/C (900
mN]@ mg) was added and the atmosphere was exchanged for Hz. The reaction was
N,,\/, N vigorously stirred for 5.5 h while bubbling Hz through the mixture. The

SEM SEM atmosphere was exchanged for Nz, the mixture was filtered over Celite and

concentrated to afford the product (7.87 g, 17.1 mmol, 95%). "H NMR (400 MHz,
CDCl3) § 7.78 = 7.72 (m, 1H), 7.60 — 7.54 (m, 1H), 7.32 = 7.26 (m, 2H), 7.21 (s, TH), 6.23 (s, 2H), 5.36 (s, 2H),
4.75 (s, 2H), 3.64 — 3.55 (m, 4H), 0.96 — 0.91 (m, 2H), 0.91 — 0.85 (m, 2H), -0.01 (s, 9H), -0.10 (s, 9H). "*C
NMR (101 MHz, CDCls) & 147.51, 143.12, 135.09, 133.80, 131.81, 123.01, 122.63, 119.29, 115.95, 110.77,
81.07, 73.88, 66.78, 65.80, 17.92, 17.85, -1.29, -1.36. LCMS (Finnigan, 10 » 90%): t. = 8.61 min, m/z: 460.1.
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2-Chloro-N-(1-((2-(trimethylsilyl)ethoxy)methyl)-3-(1-((2- (trimethylsilyl)ethoxy)methyl)-1H-
benzo[d]imidazol-2-yl)-1H-pyrazol-4-yl)pyrimidin-4-amine (76)

N 75 (6.00 g, 13.1 mmol) was dissolved in EtOH (14 mL). DIPEA (6.8 mL, 39
)\::[\ mmol) and 2,4-dichloropyrimidine (2.33 g, 15.7 mmol) were added after
CI” "N” "NH which the mixture was stirred at 40°C for 2 days. 2,4-dichloropyrimidine (388
mN mg, 2.61 mmol) was added and the mixture was stirred for another day at

N-N N 40°C. The mixture was poured into H20 (200 mL) and the product extracted

SEM SEM with DCM (2x200 mL). The combined organic layers were concentrated as

such and purified by silica gel column chromatography (10 — 20% EtOAc/pentane) to afford the product
(5.53 g, 9.66 mmol, 74%). '"H NMR (500 MHz, CDCls) & 11.03 (s, 1H), 8.57 (s, TH), 8.11 (d, J = 5.8 Hz, 1H),
7.79-7.74 (m, 1H), 7.62 - 7.58 (m, 1H), 7.36 — 7.31 (m, 2H), 6.67 (d, J = 5.8 Hz, 1H), 6.26 (s, 2H), 5.50 (s,
2H), 3.69 - 3.65 (m, 2H), 3.65 - 3.61 (m, 2H), 1.00 - 0.95 (m, 2H), 0.91 - 0.86 (m, 2H), 0.01 (s, 9H), -0.11 (s,
9H). 3C NMR (126 MHz, CDCls) § 160.90, 159.46, 156.28, 146.67, 142.15, 134.88, 131.60, 124.41, 123.72,
123.20, 121.14, 119.15, 111.06, 106.26, 81.26, 73.89, 67.15, 66.09, 17.90, 17.80, -1.29, -1.37. LCMS
(Finnigan, 50 = 90%): t. = 11.35 min, m/z: 572.1.

N-(1-((2-(Trimethylsilyl)ethoxy)methyl)-3-(1-((2-(trimethylsilyl)ethoxy)methyl)-1H-benzo[d]imidazol-
2-yl)-1H-pyrazol-4-yl)pyrimidin-4-amine (77)

NF The title compound was synthesized according to general procedure E using 4-
@ chloropyrimidine hydrochloride (54.2 mg, 359 pmol). The crude was purified by
N™ "NH N automated column chromatography (0 — 3% MeOH/EtOAc) to afford the product
m (59.2 mg, 110 ymol, 34%). '"H NMR (400 MHz, CDCls) & 10.69 (s, 1H), 8.81 — 8.80

N-N N (m, TH), 8.70 (s, 1H), 8.31 (dd, J = 5.9, 0.5 Hz, 1H), 7.83 - 7.77 (m, 1H), 7.64 - 7.58

SEM  SEM (m, TH), 7.37 -7.31 (m, 2H), 6.81 (dd, J = 6.0, 1.3 Hz, 1H), 6.29 (s, 2H), 5.51 (s, 2H),

3.69 —3.60 (m, 4H), 0.99 — 0.94 (m, 2H), 0.91 — 0.86 (M, 2H), -0.00 (s, 9H), -0.11 (s, 9H). "*C NMR (101 MHz,
CDCls) & 158.80, 158.39, 154.80, 146.99, 142.41, 135.03, 131.61, 125.30, 123.67, 123.18, 120.89, 119.26,
111.10, 108.01, 81.32, 73.99, 67.13, 66.11, 17.97, 17.86, -1.25, -1.33. LCMS (Finnigan, 10 - 90%): t. = 7.80
min, m/z: 538.1.

6-Chloro-N-(1-((2-(trimethylsilyl)ethoxy)methyl)-3-(1-((2-(trimethylsilyl)ethoxy)methyl)-1H-
benzo[d]imidazol-2-yl)-1H-pyrazol-4-yl)pyridin-2-amine (79)

= The title compound was synthesized according to general procedure E using

“ | 2,6-dichloropyrimidine (53.1 mg, 359 pmol). The crude was purified by

CI” "N” "NH N automated column chromatography (15 — 35% EtOAc/pentane) to afford the
m product (102 mg, 178 umol, 55%). 'H NMR (500 MHz, CDCls) & 8.08 (s, 1H),

N-N N 8.06 (s, TH), 7.74 — 7.70 (m, 1H), 7.44 — 7.40 (m, 1H), 7.35 (t, J = 7.7 Hz, 1H),

SEM SEM 7.30-7.25(m, 2H), 6.66 (dd, J = 7.5, 0.4 Hz, 1H), 6.59 (dd, J = 8.2, 0.4 Hz, TH),

5.53 (s, 2H), 5.41 (s, 2H), 3.54 — 3.44 (m, 4H), 0.95 — 0.88 (m, 2H), 0.77 — 0.71 (m, 2H), -0.08 (s, 9H), -0.09
(s, 9H). "*C NMR (126 MHz, CDCl3) & 156.02, 149.75, 143.00, 142.62, 139.79, 134.87, 134.06, 125.74, 124.19,
123.27, 122.10, 119.85, 113.71, 110.77, 105.82, 78.74, 73.78, 67.13, 66.92, 17.81, -1.47, -1.49. LCMS
(Finnigan, 50 - 90%): t. = 7.79 min, m/z: 571.0.

2-Chloro-N-(1-((2-(trimethylsilyl)ethoxy)methyl)-3-(1-((2-(trimethylsilyl)ethoxy)methyl)-1H-
benzo[d]imidazol-2-yl)-1H-pyrazol-4-yl)pyridin-4-amine (78)
The title compound was synthesized according to general procedure E using

-
N\ | 2-chloro-4-iodopyridine (86.0 mg, 359 pmol). The crude was purified by
cl NH automated column chromatography (25 - 60% EtOAc/pentane) to afford the
mN product (142 mg, 248 umol, 76%). '"H NMR (500 MHz, CDCls) & 9.00 (s, 1H),
N-N N 794 (d, J = 5.7 Hz, 1H), 7.61 (s, TH), 7.49 — 7.45 (m, 1H), 7.20 = 7.17 (m, 1H),
SEM SEM 7.14-7.09 (m, 2H), 6.79 (d, J = 2.1 Hz, 1H), 6.71 (dd, J = 5.8, 2.1 Hz, TH), 5.46

(s, 2H), 5.21 (s, 2H), 3.47 — 3.42 (m, 2H), 3.30 — 3.25 (m, 2H), 0.75 - 0.70 (m, 2H), 0.69 — 0.65 (m, 2H), -0.14
(s, 18H). *C NMR (126 MHz, CDCls) & 153.57, 152.54, 149.85, 142.20, 141.69, 134.17, 134.14, 124.36,
124.25, 123.77, 123.28, 118.93, 110.96, 107.55, 107.03, 78.67, 73.67, 67.05, 66.90, 17.72, 17.69, -1.54, -
1.58. LCMS (Finnigan, 50 = 90%): t, = 5.82 min, m/z: 571.2.
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N-(3-Chlorophenyl)-1-((2-(trimethylsilyl)ethoxy)methyl)-3-(1-((2- (trimethylsilyl)ethoxy)methyl)-1H-
benzo[d]imidazol-2-yl)-1H-pyrazol-4-amine (80)

The title compound was synthesized according to general procedure E using

/@\ 1-chloro-3-iodobenzene (44.4 pL, 359 pmol) which was added just before
c NH N sealing the microwave vial. The crude was purified by automated column
m chromatography (10 — 40% EtOAc/pentane) to afford the product (140 mg,

N-N N 245 pmol, 75%). "H NMR (400 MHz, CDClz) 6 9.50 (s, 1H), 7.87 — 7.80 (m, TH),

SEM SEM 7.76 (s, TH), 7.64 — 7.58 (m, 1H), 7.38 — 7.31 (m, 2H), 7.22 (t, J = 8.0 Hz, TH),

713 (t,J = 2.0Hz 1H), 7.01 (dd, J = 8.1, 2.1 Hz, 1H), 6.85 (dd, J = 7.6, 1.5 Hz, 1H), 6.27 (s, 2H), 5.49 (s, 2H),
3.72 -3.60 (m, 4H), 1.03 - 0.96 (m, 2H), 0.94 — 0.88 (m, 2H), 0.04 (s, 9H), -0.08 (s, 9H). *C NMR (101 MHz,
CDCls) 6 146.94, 144.85, 142.60, 135.14, 135.01, 131.73, 130.40, 129.36, 123.45, 122.96, 119.37, 119.31,
115.49, 114.92, 113.86, 110.88, 81.39, 73.92, 67.09, 66.01, 17.94, 17.88, -1.24, -1.33. LCMS (Finnigan, 10
- 90%): t, = 10.86 min, m/z: 570.1.

2,6-Dichloro-N-(1-((2-(trimethylsilyl)ethoxy)methyl)-3-(1-((2- (trimethylsilyl)ethoxy)methyl)-1H-
benzo[d]imidazol-2-yl)-1H-pyrazol-4-yl)pyrimidin-4-amine (81)

cl 75 (150 mg, 326 pmol) was dissolved in EtOH (0.45 mL). DIPEA (170 pL, 979

N pumol) and 2,4,6-trichloropyrimidine (48.8 pL, 424 pmol) were added after
)\\ \ which the mixture was stirred at 40°C for 2.5 h. The mixture was poured into
CI” °"N” "NH H20 (30 mL) and the product extracted with DCM (2x30 mL). The combined

V% N]@ organic layers were concentrated as such and purified by automated column

N— ,\/, N chromatography (5 — 25% Et.0/pentane) to afford the product (94.6 mg, 156

SEM SEM pmol, 48%). '™H NMR (400 MHz, CDCls) & 11.24 (s, 1H), 8.50 (s, 1H), 7.80 — 7.72

(m, TH), 7.61=7.56 (m, TH), 7.37 = 7.31 (m, 2H), 6.68 (s, TH), 6.24 (s, 2H), 5.49 (s, 2H), 3.72 — 3.59 (m, 4H),

1.04 — 0.94 (m, 2H), 0.94 — 0.84 (m, 2H), 0.02 (s, 9H), -0.10 (s, 9H). *C NMR (101 MHz, CDCls) & 160.22,

159.83, 159.01, 146.45, 142.00, 134.82, 131.64, 124.11, 123.82, 123.28, 121.27, 119.18, 111.05, 104.57,

81.31, 73.89, 67.23, 66.14, 17.91, 17.82, -1.28, -1.36. LCMS (Finnigan, 70 = 90%): t. = 12.06 min, m/z
606.1.

2,5-Dichloro-N-(1-((2-(trimethylsilyl)ethoxy)methyl)-3-(1-((2- (trimethylsilyl)ethoxy)methyl)-1H-
benzo[d]imidazol-2-yl)-1H-pyrazol-4-yl)pyrimidin-4-amine (82)

NP 75 (150 mg, 326 pmol) was dissolved in EtOH (0.45 mL). DIPEA (170 L, 979
)\\/\/\[ pmol) and 2,4,5-trichloropyrimidine (48.6 ulL, 424 pmol) were added after
Cl which the mixture was stirred at 40°C for 5.5 h. The mixture was poured into

]@ H20 (30 mL) and the product extracted with DCM (2x30 mL). The combined
organic layers were concentrated as such and purified by automated column

SEM chromatography (1 -20% EtOAc/pentane) to afford the product (103 mg, 169
pmol, 52%). 1H NMR (400 MHz, CDCls) & 11.87 (s, 1H), 8.47 (s, 1H), 8.05 (s, TH), 7.72 - 7.66 (m, 1H), 7.61
—7.54 (m, TH), 7.36 — 7.28 (m, 2H), 6.23 (s, 2H), 5.47 (s, 2H), 3.71 - 3.59 (m, 4H), 1.03 - 0.94 (m, 2H), 0.94
- 0.81 (m, 2H), 0.01 (s, 9H), -0.10 (s, 9H). *C NMR (101 MHz, CDCl3) & 158.12, 155.37, 153.77, 146.32,
142.05, 134.79, 132.08, 123.90, 123.78, 123.18, 121.00, 119.23, 114.59, 110.98, 81.30, 73.86, 67.20, 66.09,
17.92, 17.83, -1.28, -1.34. LCMS (Finnigan, 10 - 90%): t, = 10.15 min, m/z: 606.1.

2-Chloro-5-methyl-N-(1-((2-(trimethylsilyl)ethoxy)methyl)-3-(1-((2-(trimethylsilyl)ethoxy)methyl)-
1H-benzo[d]imidazol-2-yl)-1H-pyrazol-4-yl)pyrimidin-4-amine (83)

N A microwave vial was charged with 75 (100 mg, 218 pmol) which was
/Q/j\/ dissolved in EtOH (0.2 mL). DIPEA (114 pL, 653 umol) and 2,4-dichloro-5-
CI” "N” 'NH N methylpyrimidine (46.1 mg, 283 pmol) were added after which the vial was
m sealed and stirred at 50°C for 7 days. The mixture was poured into H20 (30

N-N N mL) and the product extracted with DCM (2x20 mL). The combined organic

SEM  SEM layers were concentrated as such. The crude was purified by automated

column chromatography (10 — 25% EtOAc/pentane) to afford the product (57.5 mg, 98.1 umol, 45%). 'H
NMR (400 MHz, CDCl3) & 11.22 (s, 1H), 8.56 (s, 1H), 7.91 (s, TH), 7.71 - 7.64 (m, 1H), 7.64 — 7.55 (m, 1H),
7.39 - 7.28 (m, 2H), 6.27 (s, 2H), 5.50 (s, 2H), 3.71 — 3.57 (m, 4H), 2.32 (s, 3H), 1.01 = 0.94 (m, 2H), 0.93 -
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0.86 (m, 2H), 0.01 (s, 9H), -0.10 (s, 9H). *C NMR (101 MHz, CDCls) & 158.78, 158.46, 155.11, 146.83, 142.10,
134.81, 131.80, 124.85, 123.76, 123.18, 120.86, 118.95, 113.91, 111.12, 81.30, 73.92, 67.16, 66.11, 17.94,
17.84, 13.30, -1.27, -1.34. LCMS (Finnigan, 70 —» 90%): t. = 8.94 min, m/z: 586.3.

2-Chloro-5-methoxy-N-(1-((2-(trimethylsilyl)ethoxy)methyl)-3-(1-((2- (trimethylsilyl)ethoxy) methyl)-
1H-benzo[d]imidazol-2-yl)-1H-pyrazol-4-yl)pyrimidin-4-amine (84)
75 (125 mg, 272 umol) was dissolved in EtOH (0.3 mL). DIPEA (142 pL, 816

NZ (o] pmol) and 2,4-dichloro-5-methoxypyrimidine (63.3 mg, 353 pmol) were
)\\/\J[ added after which the mixture was stirred at 50°C for 4 days. The mixture was
CI” "N™ "NH poured into H20 (20 mL) and the product extracted with DCM (2x20 mL). The
@ /N combined organic layers were concentrated as such and purified by

N-N N automated column chromatography (10 — 25% EtOAc/pentane) to afford the

SEM SEM product (104 mg, 172 pymol, 63%). "H NMR (400 MHz, CDCl3) § 11.33 (s, TH),

8.55 (s, 1H), 7.73 - 7.68 (m, 1H), 7.60 (s, 1H), 7.60 — 7.56 (m, 1H), 7.36 — 7.29 (m, 2H), 6.25 (s, 2H), 5.46 (s,
2H), 3.99 (s, 3H), 3.68 — 3.58 (m, 4H), 0.99 — 0.93 (m, 2H), 0.90 — 0.85 (m, 2H), -0.01 (s, 9H), -0.12 (s, 9H).
3C NMR (101 MHz, CDCls) & 151.45, 151.25, 146.62, 142.30, 140.15, 134.89, 133.40, 131.92, 124.26,
123.59, 123.02, 120.78, 119.14, 111.02, 81.22, 73.85, 67.08, 65.99, 56.49, 17.88, 17.78, -1.32, -1.39. LCMS
(Finnigan, 70 = 90%): t. = 11.57 min, m/z: 602.3.

2-Phenyl-N-(1-((2-(trimethylsilyl)ethoxy)methyl)-3-(1-((2-(trimethylsilyl)ethoxy)methyl)-1H-
benzo[d]imidazol-2-yl)-1H-pyrazol-4-yl)pyrimidin-4-amine (85)

N7 The title compound was synthesized according to general procedure F
\/\/l\ using phenylboronic acid. The crude was purified by silica gel column
©)\ chromatography (40 — 50% Et.O/pentane) to afford the product (57 mg,
7 ]@ 93 umol, 18%). 'H NMR (500 MHz, CDCls) & 10.77 (s, 1H), 8.77 (s, 1H), 8.44

N-N -840 (m, 3H), 7.85-7.81 (m, 1H), 7.63 - 7.59 (m, TH), 7.56 — 7.49 (m, 3H),

SEM  SEM 7.38-7.34 (m, 2H), 6.72 (d, J = 5.8 Hz, 1H), 6.29 (5, 2H), 5.54 (s, 2H), 3.74 —

3.69 (m, 2H), 3.68 — 3.63 (m, 2H), 1.04 — 0.98 (m, 2H), 0.96 — 0.87 (m, 2H), 0.01 (s, 9H), -0.08 (s, 9H). "*C
NMR (126 MHz, CDCls) & 164.66, 158.69, 155.08, 146.90, 142.35, 142.23, 142.20, 138.68, 134.95, 131.53,
131.44,130.37, 128.53, 128.18, 125.43, 123.57, 123.09, 120.36, 119.22, 111.00, 105.98, 81.37, 73.90, 67.12,
66.03, 17.91, 17.84, -1.29, -1.37. LCMS (Finnigan, 70 - 90%): t. = 3.55 min, m/z: 614.4.

2-(o-Tolyl)-N-(1-((2-(trimethylsilyl)ethoxy)methyl)-3-(1-((2-(trimethylsilyl)ethoxy)methyl)-1H-
benzo[d]imidazol-2-yl)-1H-pyrazol-4-yl)pyrimidin-4-amine (90)
N The title compound was synthesized from 76 (200 mg, 349 umol) and o-

\/:L tolylboronic acid (71.3 mg, 524 pmol) according to general procedure G
é/k"‘ NH N (reaction time 1.5 h). The crude was purified by automated column
m ]@ chromatography (40 — 60% EtOAc/pentane) to afford the product (177
| ! mg, 281 pmol, 80%). '"H NMR (400 MHz, CDCls) & 8.92 (br s, 1H), 8.39 (d, J

SEM SEM = 5.9 Hz, 1H), 8.14 (brs, 1H), 7.80 (d, J = 7.3 Hz, 1H), 7.75 - 7.68 (m, TH),
742 -7.36 (m, 1H), 7.34 - 7.25 (m, 5H), 6.61 (d, J = 5.9 Hz, 1H), 5.55 (s, 2H), 5.38 (s, 2H), 3.56 — 3.45 (m,
4H), 2.56 (s, 3H), 0.93 — 0.87 (m, 2H), 0.80 — 0.73 (m, 2H), -0.07 (s, 9H), -0.09 (s, 9H). *C NMR (101 MHz,
CDCl3) & 167.43, 160.34, 155.89, 142.74, 142.35, 138.70, 136.94, 134.78, 134.67, 131.09, 130.20, 128.99,
125.68, 124.60, 124.32, 123.34, 119.60, 110.81, 78.71, 73.72, 67.17, 66.96, 21.22, 17.77, -1.53 (not all
quaternary carbons were observed, neither was one —CH of the pyrimidine). LCMS (Finnigan, 50 — 90%):
t, = 5.18 min, m/z: 628.3.

2-(2-Chlorophenyl)-N-(1-((2- (trimethylsilyl)ethoxy)methyl)-3- (1-((2- (trimethylsilyl)ethoxy)methyl)-
1H-benzo[d]imidazol-2-yl)-1H-pyrazol-4-yl)pyrimidin-4-amine (91)
o N The title compound was synthesized according to general procedure F
\/:L using 2-chlorophenylboronic acid. The crude was purified by silica gel
ij/k"‘ NH N column chromatography (40 — 50% Et.O/pentane) to afford the product
m ]@ (268 mg, 413 pmol, 79%). "H NMR (300 MHz, CDCls) & 10.82 (s, 1H), 8.80
(s, TH), 8.45 (d, J = 5.9 Hz, 1H), 7.87 - 7.78 (m, 2H), 7.66 — 7.58 (m, 1H), 7.57
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—7.50 (m, 1H), 7.44 — 7.31 (m, 4H), 6.79 (d, J/ = 5.9 Hz, 1H), 6.30 (s, 2H), 5.47 (s, 2H), 3.69 — 3.59 (m, 4H),
0.99 - 0.85 (m, 4H), -0.02 (s, 9H), -0.10 (s, 9H). *C NMR (75 MHz, CDCls) & 165.14, 158.24, 155.06, 147.01,
142.41, 138.80, 135.00, 132.49, 131.86, 131.61, 130.62, 130.02, 126.80, 125.12, 123.58, 123.11, 121.31,
119.23, 111.06, 106.06, 81.27, 73.96, 67.11, 66.04, 17.93, 17.86, -1.33, -1.36. LCMS (Finnigan, 70 — 90%):
t, = 3.72 min, m/z: 648.4.

2-(2-Methoxyphenyl)-N-(1-((2-(trimethylsilyl)ethoxy)methyl)-3-(1-((2-(trimethylsilyl)ethoxy) methyl)-
1H-benzo[d]imidazol-2-yl)-1H-pyrazol-4-yl)pyrimidin-4-amine (92)

o N The title compound was synthesized according to general procedure F
\/:l\ using 2-methoxyphenylboronic acid. The crude was purified by silica gel
[j)\"‘ NH column chromatography (70 — 100% EtOAc/pentane) to afford the
mN product (300 mg, 466 pmol, 89%). '"H NMR (500 MHz, CDCls) & 8.53 (brs,

N-N N 1H), 8.39 (s, 1H), 8.35 (d, J = 5.9 Hz, 1H), 7.75 - 7.69 (m, 2H), 7.42 — 7.35

SEM SEM (m, 2H), 7.31 = 7.25 (m, 2H), 7.04 — 6.97 (m, 2H), 6.54 (d, J = 5.9 Hz, 1H),

5.51 (s, 2H), 5.37 (s, 2H), 3.88 (s, 3H), 3.52 — 3.43 (m, 4H), 0.86 (t, J = 8.2 Hz, 2H), 0.75 - 0.70 (m, 2H), -0.12
(s, 9H), -0.13 (s, 9H). *C NMR (126 MHz, CDCls) & 165.31, 157.69, 155.72, 142.88, 142.37, 134.80, 134.50,
131.70, 130.78, 128.44, 124.34, 123.42, 120.48, 119.83, 111.74, 110.80, 78.74, 73.76, 67.23, 66.99, 55.85,
17.85, 17.81, -1.51, -1.52 (not all quaternary carbons were observed, neither was one —CH of the
pyrimidine). LCMS (Finnigan, 50 = 90%): t, = 5.24 min, m/z: 644.3.

2-(m-Tolyl)-N-(1-((2- (trimethylsilyl)ethoxy) methyl)-3-(1-((2- (trimethylsilyl)ethoxy)methyl)-1H-
benzo[d]imidazol-2-yl)-1H-pyrazol-4-yl)pyrimidin-4-amine (93)

N7 The title compound was synthesized according to general procedure F
\/:L using m-tolylboronic acid. The crude was purified by silica gel
\©)\ chromatography (20 — 40% Et.O/pentane) to afford the product (286
]@ mg, 456 umol, 87%). '"H NMR (300 MHz, CDCls) & 10.74 (s, 1H), 8.79 (s,

N ), 842 (d, J = 5.8 Hz, 1H), 8.27 (s, 1H), 8.23 (d, / = 7.8 Hz, 1H), 7.87 -

sen sem 7.78 (m, TH), 7.66 - 7.57 (m, 1H), 7.44 (t, J = 7.6 Hz, TH), 7.39 - 7.30 (m,

3H), 6.70 (d, J = 5.8 Hz, 1H), 6.29 (s, 2H), 5.52 (s, 2H), 3.76 — 3.63 (m, 4H), 2.50 (s, 3H), 1.07 — 0.97 (m, 2H),
0.97 - 0.85 (m, 2H), 0.02 (s, 9H), -0.08 (s, 9H). *C NMR (75 MHz, CDCl3) & 164.79, 158.64, 155.16, 146.92,
142.37, 138.70, 137.97, 134.95, 131.53, 131.09, 128.91, 128.41, 12546, 125.28, 123.52, 123.04, 120.41,
119.21, 110.97, 105.85, 81.37, 73.90, 67.09, 65.74, 21.66, 17.92, 17.84, -1.30, -1.37. LCMS (Finnigan, 70 -
90%): t, = 4.15 min, m/z: 628.4.

2-(3-Chlorophenyl)-N-(1-((2-(trimethylsilyl)ethoxy)methyl)-3-(1-((2-(trimethylsilyl)ethoxy)methyl)-
1H-benzo[d]imidazol-2-yl)-1H-pyrazol-4-yl)pyrimidin-4-amine (94)
N/j The title compound was synthesized according to general procedure

cl F using 3-chlorophenylboronic acid. The crude was purified by silica
gel column chromatography (45% EtOAc/pentane) and used as such
]@ in subsequent reaction (yield: 258 mg). LCMS (Finnigan, 70 - 90%): t.

SE ' SEM

= 2.86 min, m/z: 648.3.

2-(3-Methoxyphenyl)-N-(1-((2-(trimethylsilyl)ethoxy)methyl)-3-(1-((2- (trimethylsilyl)ethoxy)methyl)-
1H-benzo[d]imidazol-2-yl)-1H-pyrazol-4-yl)pyrimidin-4-amine (95)

N7 The title compound was synthesized from 76 (200 mg, 349 umol) and

o \/j\ 3-methoxyphenylboronic acid (80.0 mg, 524 pmol) according to
- \©)\N NH N general procedure G (reaction time 1.5 h). The crude was purified by
m automated column chromatography (40 — 60% EtOAc/pentane) to

N-N N afford the product (184 mg, 286 pmol, 82%)."H NMR (400 MHz,

SEM SEM CDCl3) 6 9.32 (br s, 1H), 8.39 (d, J = 5.8 Hz, TH), 8.27 (br s, 1H), 8.08 -

8.01 (m, 2H), 7.69 - 7.63 (m, 1H), 7.37 (t, = 7.9 Hz, TH), 7.35-7.29 (m, TH), 7.28 = 7.19 (m, 2H), 7.03 (dd,
J=28.1,2.6 Hz, 1H), 6.66 (d, J = 5.8 Hz, 1H), 5.54 (s, 2H), 5.38 (s, 2H), 3.88 (s, 3H), 3.55 - 3.49 (m, 3H), 3.47
—3.40 (m, 2H), 0.91 = 0.82 (m, 2H), 0.79 — 0.70 (m, 2H), -0.08 (s, 8H), -0.11 (s, 9H). *C NMR (101 MHz,
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CDCl3) 6 164.18, 160.51, 159.74, 156.07, 142.55, 142.25, 139.46, 134.58, 134.44, 129.33, 124.61, 124.28,
123.28, 120.65, 119.26, 117.04, 112.55, 110.89, 78.61, 73.64, 66.99, 66.91, 55.25, 17.70, -1.57 (not all
quaternary carbons were observed, neither was one —~CH of the pyrimidine). LCMS (Finnigan, 50 — 90%):
t, = 5.38 min, m/z: 644.3.

2-(3-Isopropylphenyl)-N-(1-((2- (trimethylsilyl)ethoxy) methyl)-3-(1-((2-
(trimethylsilyl)ethoxy)methyl)-1H-benzo[d]imidazol-2-yl)-1H-pyrazol-4-yl) pyrimidin-4-amine (97)
The title compound was synthesized from 76 (170 mg, 297 pmol), 3-

N\/j isopropylphenylboronic acid (68.0 mg, 445 umol), K2COs (165 mg,
N™ "NH N 1.19 mmol) and Pd(dppf)ClDCM (17 mg, 21 umol) according to
m general procedure F (reaction time: 2 h). The crude was purified by
N-N N silica gel column chromatography (40 — 60% EtOAc/pentane) to
SEM SEM afford the product (89.6 mg, 137 pmol, 46%). 'H NMR (400 MHz,

CDCl3) 6 10.76 (s, TH), 8.84 (s, 1H), 8.44 (d, J/ = 5.8 Hz, 1H), 8.33 (t, J = 1.6 Hz, 1H), 8.23 (dt, / = 7.7, 1.4 Hz,
1H), 7.85 - 7.79 (m, 1H), 7.65 — 7.59 (m, 1H), 7.46 (t, J = 7.6 Hz, 1H), 7.40 — 7.33 (m, 3H), 6.75 (d, / = 5.9
Hz, 1H), 6.32 (s, 2H), 5.54 (s, 2H), 3.72 - 3.61 (m, 4H), 3.06 (hept, J = 6.8 Hz, 1H), 1.37 (d, J = 6.9 Hz, 6H),
1.02 — 0.93 (m, 2H), 0.93 - 0.86 (m, 2H), -0.01 (s, 9H), -0.11 (s, 9H). *C NMR (101 MHz, CDCls) & 164.98,
158.76, 155.15, 149.15, 147.03, 142.46, 138.67, 135.07, 131.71, 128.93, 128.65, 126.30, 125.85, 125.56,
123.69, 123.21, 120.65, 119.32, 111.12, 105.95, 81.50, 74.04, 67.17, 66.14, 34.37, 24.25, 18.00, 17.91, -1.24,
-1.31. LCMS (Finnigan, 70 = 90%): t. = 5.70 min, m/z: 656.5.

2-(Pyridin-3-yl)-N-(1-((2- (trimethylsilyl)ethoxy)methyl)-3-(1-((2- (trimethylsilyl)ethoxy)methyl)-1H-
benzo[d]imidazol-2-yl)-1H-pyrazol-4-yl)pyrimidin-4-amine (96)

N The title compound was synthesized according to general procedure F

\/j\ using pyridin-3-ylboronic acid. The crude was purified by silica gel

N‘ o N "NH N column chromatography (EtOAc) to afford the product (226 mg, 367
Z m pmol, 70%). 'H NMR (300 MHz, CDCl3) & 9.54 (s, 1H), 9.34 (br s, 1H), 8.63
N-N N -8.56 (m, 2H), 8.32 (d, J = 5.8 Hz, 1H), 8.19 (br s, 1H), 7.66 — 7.58 (m, 1H),

SEM SEM 7.36 - 7.27 (m, 2H), 7.25 - 7.15 (m, 2H), 6.64 (d, J = 5.9 Hz, 1H), 5.49 (s,

2H), 5.34 (s, 2H), 3.52 — 3.45 (m, 2H), 3.44 — 3.35 (m, 2H), 0.85 - 0.77 (m, 2H), 0.75 - 0.66 (m, 2H), -0.13 (s,
9H), -0.17 (s, 9H). *C NMR (75 MHz, CDCls) & 174.08, 162.38, 160.67, 156.03, 150.53, 149.37, 142.48,
142.05, 135.60, 134.61, 134.49, 133.58, 124.43, 124.34, 123.36, 123.26, 119.41, 110.83, 78.66, 73.66, 67.05,
66.99, 17.71, -1.59 (one —CH of the pyrimidine was not observed). LCMS (Finnigan, 10 - 90%): t. = 7.77
min, m/z: 615.3.

2-(p-Tolyl)-N-(1-((2-(trimethylsilyl)ethoxy)methyl)-3-(1-((2-(trimethylsilyl)ethoxy)methyl)-1H-
benzo[d]imidazol-2-yl)-1H-pyrazol-4-yl)pyrimidin-4-amine (86)

N The title compound was synthesized according to general procedure F

'/:l\ using p-tolylboronic acid. The crude was purified by silica gel column
/@AN NH N chromatography (20 — 80% Et.O/pentane) to afford the product (175
m j@ mg, 279 umol, 53%). "H NMR (300 MHz, CDCls) § 10.72 (s, 1H), 8.78 (s,

N-N N 1H), 8.41 (d, J = 5.8 Hz, 1H), 8.35-8.29 (m, 2H), 7.86 - 7.79 (m, 1H), 7.66

SEM SEM ~7.58 (m, TH), 7.41 - 7.30 (m, 4H), 6.69 (d, J = 5.8 Hz, TH), 6.29 (s, 2H),

5.54 (s, 2H), 3.76 — 3.62 (m, 4H), 2.46 (s, 3H), 1.06 — 0.97 (m, 2H), 0.95 — 0.88 (m, 2H), 0.02 (s, 9H), -0.08 (s,
9H). 3C NMR (75 MHz, CDCl3) & 164.78, 158.69, 155.21, 146.96, 142.41, 140.46, 136.10, 134.99, 131.54,
129.28, 128.14, 125.54, 123.55, 123.08, 120.37, 119.24, 111.01, 105.71, 81.38, 73.94, 67.12, 66.03, 21.55,
17.94,17.89, -1.27, -1.35. LCMS (Finnigan, 70 = 90%): t. = 3.97 min, m/z: 628.4.
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2-(4-Chlorophenyl)-N-(1-((2-(trimethylsilyl)ethoxy)methyl)-3-(1-((2- (trimethylsilyl)ethoxy) methyl)-
1H-benzo[d]imidazol-2-yl)-1H-pyrazol-4-yl)pyrimidin-4-amine (88)

N The title compound was synthesized according to general procedure
/©)'\/NJ\NH F using 4-chlorophenylboronic acid. The crude was purified by silica
N gel column chromatography (25 — 35% EtOAc/pentane) and used as
Cl m ]@ such in subsequent reaction (yield: 254 mg). LCMS (Finnigan, 70 —
N-N N 90%): t. = 2.23 min, m/z: 648.3.
SEM SEM

2-(4-Methoxyphenyl)-N-(1-((2-(trimethylsilyl)ethoxy)methyl)-3-(1-((2- (trimethylsilyl)ethoxy)methyl)-
1H-benzo[d]imidazol-2-yl)-1H-pyrazol-4-yl)pyrimidin-4-amine (87)

N7 The title compound was synthesized according to general procedure

\/:L F using 4-methoxyphenylboronic acid. The crude was purified by
Q)\N NH N silica gel column chromatography (20% EtOAc/pentane) to afford the
o m product (258 mg, 401 umol, 77%). "H NMR (400 MHz, CDCls) & 10.70
N-N N (s, TH), 8.76 (s, 1H), 8.41 - 8.35 (m, 3H), 7.85—-7.79 (m, 1H), 7.64 - 7.59

SEM  SEM (m, TH), 7.39 - 7.32 (m, 2H), 7.06 - 7.02 (m, 2H), 6.68 (d, J = 5.8 Hz,

1H), 6.30 (s, 2H), 5.56 (s, 2H), 3.90 (s, 3H), 3.73 — 3.68 (m, 2H), 3.68 — 3.62 (m, 2H), 1.04 — 0.97 (m, 2H), 0.94
- 0.87 (m, 2H), 0.01 (s, 9H), -0.10 (s, 9H). 3C NMR (101 MHz, CDCls) & 164.47, 161.62, 158.71, 155.21,
146.99, 142.43, 135.02, 131.57, 131.42, 129.75, 125.62, 123.61, 123.13, 120.30, 119.28, 113.89, 111.05,
105.40, 81.44, 73.98, 67.17, 66.08, 55.46, 17.97, 17.91, -1.24, -1.33. LCMS (Finnigan, 70 — 90%): t. = 3.43
min, m/z: 644.4.

2-(4-Fluorophenyl)-N-(1-((2-(trimethylsilyl)ethoxy) methyl)-3-(1- ((2- (trimethylsilyl)ethoxy) methyl)-
1H-benzo[d]imidazol-2-yl)-1H-pyrazol-4-yl)pyrimidin-4-amine (89)

N/j The title compound was synthesized according to general procedure F
‘ N NH using 4-fluorophenylboronic acid. The crude was purified by silica gel
N column chromatography (35% EtOAc/pentane) and used as such in
F m ]@ subsequent reaction (yield: 229 mg).
N-N N
SEM  SEM

2-(Naphthalen-1-yl)-N-(1-((2-(trimethylsilyl)ethoxy)methyl)-3-(1-((2-(trimethylsilyl)ethoxy) methyl) -
1H-benzo[d]imidazol-2-yl)-1H-pyrazol-4-yl)pyrimidin-4-amine (99)
NTX The title compound was synthesized from 76 (125 mg, 218 pmol) and
O \/j\ naphthalen-1-boronic acid (43.2 mg, 251 pmol) according to general
O N" 'NH N procedure G (reaction time 2 h). The crude was purified by automated
m ]@ column chromatography (40 - 60% EtOAc/pentane) to afford the
N-N N product (134 mg, 201 pmol, 92%). "H NMR (400 MHz, CDCls) & 8.89 (br
SEM  SEM s, 1H), 8.73 (d, J = 8.1 Hz, TH), 845 (d, J = 5.8 Hz, TH), 8.23 (br s, TH),
8.04 (d, J = 7.1 Hz, 1H), 7.95 (d, J = 8.2 Hz, 1H), 7.93 - 7.89 (m, 1H), 7.78 — 7.72 (m, 1H), 7.59 - 7.55 (m,
1H), 7.54 — 7.50 (m, 2H), 7.43 — 7.38 (m, 1H), 7.33 = 7.28 (m, 2H), 6.66 (d, J = 5.9 Hz, TH), 5.57 (s, 2H), 5.39
(s, 2H), 3.56 — 3.46 (m, 4H), 0.92 — 0.86 (m, 2H), 0.80 — 0.74 (m, 2H), -0.07 (s, 9H), -0.14 (s, 9H). *C NMR
(101 MHz, CDCl3) 6 166.86, 160.45, 156.03, 142.81, 142.35, 136.53, 134.79, 134.53, 134.02, 131.04, 130.02,
128.70, 128.30, 126.49, 126.21, 125.72, 125.10, 124.74, 124.33, 123.37, 119.76, 110.72, 78.76, 73.69, 67.27,
67.00, 17.78, 17.76, -1.53, -1.59 (not all quaternary carbons were observed, neither was one —CH of the
pyrimidine). LCMS (Finnigan, 50 - 90%): t. = 5.46 min, m/z: 664.3.
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2-(1H-Indol-7-yl)-N-(1-((2- (trimethylsilyl)ethoxy)methyl)-3-(1-((2-(trimethylsilyl)ethoxy)methyl)-1H-
benzo[d]imidazol-2-yl)-1H-pyrazol-4-yl)pyrimidin-4-amine (100)
The title compound was synthesized from 76 (125 mg, 218 uymol) and

NH N
%}::L indole-7-boronic acid pinacol ester (61.1 mg, 251 pmol) according to

N™ "NH N general procedure G (reaction time 16 h). The crude was purified by
m ]@ automated column chromatography (30 — 50% EtOAc/pentane) to
N—N N afford the product (111 mg, 169 pmol, 78%). '"H NMR (400 MHz, CDCls)

SEM & 11.22 (s, 1H), 9.44 (br s, 1H), 8.46 (d, J = 5.9 Hz, 1H), 844 (dd, J = 7.7,
1.0 Hz, 1H), 8.14 (br's, 1H), 7.80 (d, J = 7.7 Hz, 1H), 7.66 — 7.60 (m, 1H), 7.33 = 7.28 (m, 1H), 7.26 = 7.17 (m,
3H), 7.09 (br s, 1H), 6.65 (d, J/ = 5.9 Hz, 1H), 6.56 (t, / = 2.7 Hz, 1H), 5.57 (s, 2H), 5.36 (s, 2H), 3.56 — 3.47
(m, 2H), 3.40 (dd, J = 8.8, 7.4 Hz, 2H), 0.84 — 0.78 (m, 2H), 0.76 — 0.70 (m, 2H), -0.10 (s, 9H), -0.15 (s, 9H).
3C NMR (101 MHz, CDCl5) & 165.23, 160.43, 156.00, 142.46, 142.23, 135.32, 134.77, 134.42, 129.17,
124.49, 124.46, 123.90, 123.43, 122.55, 120.19, 119.35, 119.32, 111.00, 102.01, 78.81, 73.76, 67.07, 67.04,
17.76, 17.72, -1.53, -1.56 (not all quaternary carbons were observed). LCMS (Finnigan, 10 = 90%): t. =
9.13 min, m/z: 653.3.

SEM

2-(1H-Indazol-4-yl)-N-(1-((2-(trimethylsilyl)ethoxy)methyl)-3-(1-((2-(trimethylsilyl)ethoxy)methyl)-
1H-benzo[d]imidazol-2-yl)-1H-pyrazol-4-yl)pyrimidin-4-amine (101)
N— N The title compound was synthesized from 76 (130 mg, 227 pmol) and
HN \/:l\ indazole-4-boronic acid hydrochloride (63.1 mg, 318 umol) according
b/LN NH N to general procedure G (reaction time 16 h). The crude was purified
m ]@ by automated column chromatography (40 — 100% EtOAc/pentane)
N-N N to afford the product (101 mg, 155 umol, 68%). '"H NMR (500 MHz,
SEM  SEM CDCl3) 6 9.00 (s, 1H), 8.89 (br's, TH), 8.44 (d, J = 5.9 Hz, TH), 8.29 - 8.12
(m, 2H), 7.76 = 7.72 (m, 1H), 7.54 (d, J = 8.3 Hz, 1H), 7.44 — 7.39 (m, 2H), 7.29 — 7.23 (m, 2H), 6.60 (d, J =
5.9 Hz, 1H), 5.57 (s, 2H), 5.42 (s, 2H), 3.60 — 3.54 (m, 2H), 3.51 — 3.44 (m, 2H), 0.88 — 0.82 (m, 2H), 0.80 —
0.75 (m, 2H), -0.10 (s, 9H), -0.17 (s, 9H) (the —NH of the benzimidazole was not observed). *C NMR (126
MHz, CDCl3) & 164.66, 160.96 (br), 156.32 (br), 142.80, 142.27, 141.00, 136.36, 135.37, 134.84, 131.55,
126.37, 124.87, 124.43, 123.52, 122.09, 121.61, 119.88, 112.37, 110.81, 103.04 (br), 78.96, 73.83, 67.29,
67.17,17.84, -1.48, -1.54. LCMS (Finnigan, 50 - 90%): t, = 4.10 min, m/z: 654.3.

2-(Naphthalen-2-yl)-N-(1-((2-(trimethylsilyl)ethoxy)methyl)-3-(1-((2-(trimethylsilyl)ethoxy)methyl)-
1H-benzo[d]imidazol-2-yl)-1H-pyrazol-4-yl)pyrimidin-4-amine (102)

N The title compound was synthesized from 76 (200 mg, 349 pmol), 2-

\/:l\ naphthylboronic acid (90.1 mg, 524 umol), K2COs (193 mg, 1.40

OO N™ "NH mmol) and Pd(dppf)ClDCM (20 mg, 24 pmol) according to general
mN procedure F (reaction time: 2 h). The crude was purified by silica gel

N-N N column chromatography (40 — 60% EtOAc/pentane) to afford the

SEM SEM product (100 mg, 150 umol, 43%). "H NMR (500 MHz, CDCl3) & 10.81

(s, TH), 8.96 (s, TH), 8.89 (s, 1H), 8.51 (dd, J = 8.6, 1.5 Hz, 1H), 8.48 (d, J = 5.8 Hz, 1H), 8.03 - 8.00 (m, 1H),
7.99 (d, J = 8.6 Hz, 1H), 7.93 — 7.88 (m, 1H), 7.87 — 7.80 (m, 1H), 7.65 - 7.60 (m, 1H), 7.57 = 7.51 (m, 2H),
7.39-7.34 (m, 2H), 6.78 (d, J = 5.8 Hz, TH), 6.32 (s, 2H), 5.59 (s, 2H), 3.76 — 3.70 (m, 2H), 3.68 — 3.62 (m,
2H), 1.04 = 0.97 (m, 2H), 0.94 — 0.87 (m, 2H), -0.01 (s, 9H), -0.10 (s, 9H). *C NMR (126 MHz, CDCls) &
164.76, 158.89, 155.20, 147.02, 142.48, 136.03, 135.09, 134.70, 133.43, 131.76, 129.30, 128.56, 128.24,
127.84,127.12, 126.36, 125.55, 125.33, 123.70, 123.22, 120.61, 119.33, 111.12, 106.07, 81.57, 77.41, 77.16,
76.91, 74.06, 67.28, 66.16, 18.02, 17.98, -1.23, -1.30. LCMS (Finnigan, 70 = 90%): t. = 5.14 min, m/z: 664.4.

2-(3,5-Dichlorophenyl)-N-(1-((2-(trimethylsilyl)ethoxy)methyl)-3-(1-((2-

(trimethylsilyl)ethoxy)methyl)-1H-benzol[d]imidazol-2-yl)-1H-pyrazol-4-yl) pyrimidin-4-amine (98)

N/j The title compound was synthesized from 76 (125 mg, 218 umol) and
L~ 3,5-dichlorophenylboronic acid (47.9 mg, 251 pmol) according to

N general procedure G (reaction time 2 h). The crude was purified by
7 4 ]@ automated column chromatography (25 — 45% EtOAc/pentane) to

/
c N-N afford the product (128 mg, 188 umol, 86%). "H NMR (400 MHz, CDCls)

Cl
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6 8.96 (brs, 1H), 8.33 (d, J = 5.8 Hz, 1H), 8.26 (d, / = 1.9 Hz, 2H), 8.14 (br s, 1H), 7.71 - 7.63 (m, 1H), 7.40
(t, / = 2.0 Hz, 1H), 7.38 — 7.32 (m, 1H), 7.30 — 7.22 (m, 2H), 6.63 (d, J = 5.8 Hz, 1H), 5.52 (s, 2H), 5.37 (s,
2H), 3.54 — 3.45 (m, 4H), 0.93 - 0.84 (m, 2H), 0.75 - 0.69 (m, 2H), -0.11 (s, 9H), -0.12 (s, 9H). *C NMR (101
MHz, CDCl3) & 162.07, 160.81 (br), 156.30 (br), 142.75, 142.21, 141.10, 140.60, 140.21, 135.11, 134.76,
134.56, 130.16, 126.59, 124.50, 124.41, 123.51, 119.70, 110.77, 78.82, 73.68, 67.38, 67.13, 17.85, 17.82, -
1.49 (one —CH of the pyrimidine was not observed). LCMS (Finnigan, 70 — 90%): t. = 7.15 min, m/z: 682.3.

Ethyl 4-nitro-1H-pyrazole-3-carboxylate (103)

NO; o 4-Nitro-1H-pyrazole-3-carboxylic acid (10.0 g, 63.7 mmol) was suspended in dry EtOH
(160 mL) and cooled down to 0°C. SOCI2 (6.0 mL, 83 mmol) was added dropwise, after
Mo/\ which the mixture was allowed to warm to RT and stirred for 16 h. The mixture was
concentrated and traces of SOCl> were removed by coevaporation with toluene (2x20
mL). The resulting solids were suspended in pentane and filtered to afford the product (11.3 g, 63.7
mmol, 96%). '"H NMR (500 MHz, DMSO) & 14.42 (brs, TH), 8.95 (br's, 1H), 4.35 (q, J = 7.0 Hz, 2H), 1.29 (t,

J =7.1Hz 3H). 3C NMR (126 MHz, DMSO) & 160.81, 138.53, 133.14, 130.81, 61.83, 13.83.

HN—-N

Ethyl 4-nitro-1-((2-(trimethylsilyl)ethoxy)methyl)-1H-pyrazole-3-carboxylate (104)
103 (15.0 g, 81.0 mmol) was suspended in DCM (81 mL). DIPEA (18.4 mL, 105 mmol)
o was added after which the mixture was cooled down to 0°C. SEM-CI (15.2 mL, 85.9
/ N mmol) was added dropwise after which the mixture was stirred at 0°C for 10 min.
N The reaction was allowed to warm to RT and continued to stir for 10 min. The mixture
was poured into H20 (150 mL), the layers were separated and the organic layer was
washed with H20 (75 mL). The organic layer was dried over NazSOq, filtered and concentrated. The crude
was split in half, transferred to a microwave vial and MeCN (8 mL) was added to each vial. Argon was
bubbled through the mixture for 1 min after which SEM-CI (357 L, ~5 mol%) was added to each vial.
The vials were sealed and heated to 95°C in a microwave reactor for 8 h. The content of both vials were
combined and subsequently concentrated. The crude was purified by automated column
chromatography (20 — 60% Et.O/pentane) to afford the product (21.1 g, 67.0 mmol, 83%). 'H NMR (500
MHz, CDCl3) 6 8.32 (s, TH), 5.45 (s, 2H), 4.42 (9, J = 7.1 Hz, 2H), 3.65 - 3.57 (m, 2H), 1.36 (t, / = 7.1 Hz, 3H),
0.94-0.87 (m, 2H), -0.04 (s, 9H). *C NMR (126 MHz, CDCl3) & 160.14, 138.98, 134.89, 129.80, 82.02, 68.33,
62.54, 17.80, 13.99, -1.46.

NO,
Z
1N7

SEM

Ethyl 4-amino-1-((2-(trimethylsilyl)ethoxy)methyl)-1H-pyrazole-3-carboxylate (105)

NHy o 104 (4.00 g, 12.7 mmol) was dissolved in degassed EtOH (140 mL). 10% Pd/C (400
~ mg) was added and the atmosphere was exchanged for Hz. The reaction was
Nf,\/l O™\l vigorously stirred for 5 h while bubbling H> through the mixture. The atmosphere

SEM was exchanged for Nz, the mixture was filtered over Celite and concentrated to afford

the product (3.57 g, 12.5 mmol, 99%). "H NMR (500 MHz, CDCls) & 7.09 (s, 1H), 5.30 (s, 2H), 4.35 (q, J =
7.1 Hz, 2H), 4.09 (br's, 2H), 3.50 — 3.44 (m, 2H), 1.34 (t, J = 7.1 Hz, 3H), 0.86 — 0.80 (m, 2H), -0.09 (s, 9H).
BC NMR (126 MHz, CDCl3) § 163.71, 135.54, 130.56, 115.82, 81.43, 66.89, 60.59, 17.79, 14.48, -1.46. LCMS
(Finnigan, 10 = 90%): t. = 5.88 min, m/z: 286.0.

Ethyl 4-((2-chloropyrimidin-4-yl)amino)-1-((2- (trimethylsilyl)ethoxy)methyl)-1H-pyrazole-3-
carboxylate (106)
105 (3.53 g, 12.4 mmol) was dissolved in EtOH (12.4 mL). DIPEA (4.3 mL, 24.7

/'\i/j\ mmol) and 2,4-dichloropyrimidine (2.76 g, 18.6 mmol) were added after which
cl NTONH the mixture was stirred at 70°C for 4 days. The mixture was concentrated,
M suspended in DCM (100 mL) and poured into H2O (100 mL). The organic layer

N,,\/l O™\ was separated and the water layer was extracted with DCM (50 mL). The

SEM combined organic layers were washed with brine (100 mL), dried over NazSOs,

filtered and concentrated. The crude was purified by silica gel column chromatography (50%
Et.O/pentane) to afford the product (4.41 g, 11.1 mmol, 90%). 'H NMR (500 MHz, CDCls) & 8.91 (s, TH),
8.51 (s, 1H), 8.13 (d, J = 5.8 Hz, 1H), 6.55 (d, J = 5.9 Hz, TH), 5.49 (s, 2H), 445 (q, J = 7.1 Hz, 2H), 3.63 -
3.55(m, 2H), 1.42 (t, J = 7.2 Hz, 3H), 0.96 — 0.88 (m, 2H), -0.04 (s, 9H). *C NMR (126 MHz, CDCls) & 164.47,
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160.95, 159.42, 156.97, 130.53, 126.28, 121.41, 105.78, 81.78, 67.37, 61.64, 17.84, 14.47, -1.36. LCMS (Fleet,
10 - 90%): t, = 8.29 min, m/z: 398.3.

4-((2-Chloropyrimidin-4-yl)amino)-1-((2-(trimethylsilyl)ethoxy)methyl)-1H-pyrazole-3-carboxylic

acid (107)

N7 106 (250 mg, 628 pmol) was dissolved in MeCN (2.5 mL) and H20 (50 pL). EtsN
/j\ (263 pL, 1.89 mmol) and LiBr (546 mg, 6.28 mmol) were added and the mixture

o  was stirred for 3 days. The mixture was concentrated, suspended in DCM (30 mL)

7 ) oH and poured into H20 (30 mL). The pH of the water layer was adjusted (2 < pH < 5)
N-N by addition of 2 M HCl (aqg.). The organic layer was separated and the water layer
SEM was extracted with DCM (30 mL). The combined organic layers were concentrated

as such to afford the product (232 mg, 628 pmol, quant.). LCMS (Finnigan, 10 - 90%): t. = 7.48 min, m/z:
370.1.

4-((2-Chloropyrimidin-4-yl)amino)-N-phenyl-1-((2-(trimethylsilyl)ethoxy)methyl)-1H-pyrazole-3-
carboxamide (108)
NTX 107 (85.0 mg, 230 pmol) was dissolved in DCM (0.9 mL). Aniline (25.2 L, 276
/Q/j\ pumol) and EDC-HCI (48.5 mg, 253 pmol) were added and the mixture was
CIm "N" °NH stirred for 16 h. The mixture was poured into H>O (10 mL) and brine (1 mL),
M /@ and the product extracted with DCM (2x10 mL). The combined organic layers
N-N N were concentrated and purified by automated column chromatography (50
SEM - 75% Et.0/pentane) to afford the product (76.3 mg, 171 umol, 75%). 'H
NMR (400 MHz, CDCl3)  9.41 (s, 1H), 8.64 (s, 1H), 8.47 (s, 1H), 8.09 (d, J = 5.8 Hz, 1H), 7.65 - 7.60 (m, 2H),
7.39-7.33 (m, 2H), 7.17 = 7.11 (m, 1H), 6.53 (d, J = 5.8 Hz, TH), 5.42 (s, 2H), 3.65 — 3.56 (m, 2H), 1.00 —
0.90 (m, 2H), -0.01 (s, 9H). *C NMR (101 MHz, CDCl3) & 161.86, 160.77, 159.34, 156.72, 137.08, 132.77,
129.18, 124.93, 124.71, 122.13, 119.99, 105.79, 81.22, 67.24, 17.71, -1.36. LCMS (Finnigan, 50 - 90%): t,
= 7.84 min, m/z: 445.3.

4-((2-Chloropyrimidin-4-yl)amino)-N-methyl-1-((2-(trimethylsilyl)ethoxy)methyl)-1H-pyrazole-3-
carboxamide (109)
NTX In a microwave vial, 107 (77.0 mg, 208 umol) and EDC-HCI (47.9 mg, 250 pmol)
/Q/j\ were suspended in DCM (0.6 mL) after which methylamine (33 wt. % in EtOH, 39
CIm N"°NH 4 uL, 312 ymol) was added. The vial was sealed and the mixture was stirred for 16
@ __ h. The mixture was poured into H>O (10 mL) and brine (1 mL), and the product
N-N N™ extracted with DCM (2x10 mL). The combined organic layers were concentrated
SEM as such and the crude was purified by automated column chromatography (65 —
100% Et.O/pentane) to afford the product (46.1 mg, 120 umol, 58%). "H NMR (400 MHz, CDCls) § 9.52
(s, TH), 8.42 (s, 1H), 8.08 (d, J = 5.9 Hz, 1H), 6.91 (q, J = 5.1 Hz, 1H), 6.51 (d, J = 5.8 Hz, 1H), 5.39 (s, 2H),
3.59 - 3.50 (m, 2H), 2.97 (d, J = 5.1 Hz, 3H), 0.96 — 0.86 (m, 2H), -0.04 (s, 9H). '*C NMR (101 MHz, CDCls)
& 164.51, 160.84, 159.40, 156.63, 132.89, 124.46, 121.80, 105.78, 81.19, 67.14, 25.54, 17.73, -1.36. LCMS
(Finnigan, 10 = 90%): t. = 8.31 min, m/z: 383.1.

4-Nitro-1-((2-(trimethylsilyl)ethoxy)methyl)-1H-pyrazole (110)
NO, 4-Nitro-1H-pyrazole (300 mg, 2.65 mmol) was dissolved in dry DCM (4.5 mL) and DIPEA (462
Vi pL, 2.65 mmol was added. The mixture was cooled down to 0°C, SEM-CI (510 uL, 2.92 mmol)
N,,\/, was added dropwise and the reaction was stirred for 30 min at 0°C. The reaction was allowed
SEM to warm to RT and continued to stir for 30 min. The mixture was poured into H20 (50 mL)
and the product extracted with DCM (3x50 mL). The combined organic layers were washed
with brine (50 mL), dried over NazSO,, filtered and concentrated to afford the product (646 mg, 2.65
mmol, quant.). '"H NMR (400 MHz, CDCls) 6 8.30 (s, 1H), 8.09 (s, 1H), 5.45 (s, 2H), 3.63 - 3.59 (m, 2H), 0.95
—-0.91 (m, 2H), -0.02 (s, 9H). *C NMR (101 MHz, CDCl3) & 136.89, 135.95, 128.57, 81.65, 68.07, 17.90, -1.36.
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1-((2-(Trimethylsilyl)ethoxy)methyl)-1H-pyrazol-4-amine (111)
NH, 110 (330 mg, 1.36 mmol) was dissolved in degassed MeOH (14 mL). 10% Pd/C (70 mg) was
., added and the atmosphere was exchanged for Hz. The reaction was vigorously stirred for 3
N,,\/‘ h while bubbling Hz through the mixture. The atmosphere was exchanged for Nz, the mixture
SEM was filtered over Celite and concentrated to afford the product (238 mg, 1.11 mmol, 82%).
"H NMR (400 MHz, CDCls) 8 7.19 (d, / = 0.9 Hz, TH), 7.15 (d, J = 0.9 Hz, TH), 5.29 (s, 2H), 3.53 — 3.47 (m,
2H), 2.65 (br s, 2H), 0.92 — 0.85 (m, 2H), -0.03 (s, 9H). *C NMR (101 MHz, CDCl3) § 132.27, 130.07, 117.88,
80.58, 66.51, 17.93, -1.32. LCMS (Finnigan, 10 = 90%): t. = 4.84 min, m/z: 214.0.

2-Chloro-N-(1-((2-(trimethylsilyl)ethoxy)methyl)-1H-pyrazol-4-yl)pyrimidin-4-amine (112)
NTX 111 (220 mg, 1.03 mmol) was dissolved in EtOH (1.5 mL). DIPEA (629 pL, 3.61 mmol) and
)\\ _ 2,4-dichloropyrimidine (180 mg, 1.21 mmol) were added. The mixture was stirred for 24
NH h, subsequently poured into half sat. NaHCOs (aq.) (20 mL) and the product was extracted
with DCM (2x50 mL). The combined organic layers were washed with brine (100 mL), dried
N-N over NazSOs, filtered and concentrated. The crude was purified by silica gel column
SEM chromatography (1% MeOH (containing 10% sat. NH4OH (aq.))/DCM) to afford the
product (214 mg, 0.665 umol, 64%). 'H NMR (400 MHz, CDCls) & 8.04 (d, J = 5.9 Hz, TH), 7.85 (br s, 2H),
7.52(d,J = 0.7 Hz, 1H), 6.43 (d, / = 5.9 Hz, 1H), 5.40 (s, 2H), 3.60 — 3.52 (m, 2H), 0.94 — 0.84 (m, 2H), -0.05
(s, 9H). 3C NMR (101 MHz, CDCl3) 6 163.36 (br), 160.65, 157.28 (br), 135.88 (br), 131.93 (br), 125.13 (br),
121.30 (br), 102.85 (br), 80.85, 67.02, 17.83, -1.38. LCMS (Finnigan, 10 - 90%): t. = 7.38 min, m/z: 326.1.

4-((2-(4-Nitro-1-((2-(trimethylsilyl)ethoxy) methyl)-1H-pyrazol-3-yl)-1H-benzo[d]imidazol-5-
yl)methyl)morpholine (113)
o 104 (2.00 g, 6.34 mmol) was suspended in a mixture of MeOH and H.O (1:1,
[ ] 12 mL), LIOH-H0 (1.06 g, 25.3 mmol) was added and the mixture was stirred
NO vigorously for 1.5 h. The mixture was poured into a mixture of H20 (60 mL)
2N and DCM (75 mL). The pH of the water layer was adjusted by addition of 2 M
@ ]ij) HCl (ag.) to pH ~2. The organic layer was separated and the water layer
N-N N extracted with DCM (75 mL). The combined organic layers were dried over
Na2SOs, filtered and concentrated to yield the free acid intermediate. The
intermediate was dissolved in DMF (10 mL), after which 4-(morpholinomethyl)benzene-1,2-diamine (1.45
g, 6.98 mmol), EDC-HCI (1.22 g, 6.34 mmol) and HOBt (857 mg, 6.34 mmol) were added and the mixture
was stirred for 1 h. The mixture was concentrated after which AcOH (7 mL) was added and the mixture
was stirred at 118°C for 30 min. The mixture was cooled down to RT, 10 M NaOH (aq.) was added until
the pH was about 8. The mixture was poured into a mixture of H.0O (60 mL) and DCM (70 mL) after which
the organic layer was separated. The water layer was extracted with DCM (70 mL) and the combined
organic layers were dried over NazxSO;, filtered and concentrated. The crude was purified by automated
column chromatography twice (0 — 10% MeOH/EtOAc) to afford the product (1.69 g, 3.69 mmol, 58%).
"H NMR (400 MHz, CDCls) § 11.42 (s, 1H), 8.51 (s, 1H), 7.85 = 7.66 (br m, 1H), 7.60 — 7.44 (br m, 1H), 7.35
—7.22 (br m, TH), 5.53 (s, 2H), 3.70 — 3.62 (m, 6H), 3.60 (s, 2H), 2.49 — 2.38 (m, 4H), 0.97 — 0.87 (m, 2H), -
0.06 (s, 9H). 3C NMR (101 MHz, CDCls) & 143.44 (br), 142.72 (br), 142.17, 136.67, 134.34 (br), 134.08,
133.41 (br), 132.80 (br), 132.56 (br), 131.56, 125.91 (br), 124.87 (br), 120.89 (br), 120.09 (br), 111.96 (br),
111.42 (br), 82.43, 68.65, 66.97, 63.60, 53.55, 17.98, -1.42. LCMS (Finnigan, 10 - 90%): t. = 5.57 min, m/z:
459.1.

SEM

3-(5-(Morpholinomethyl)-1H-benzo[d]imidazol-2-yl)-1-((2- (trimethylsilyl)ethoxy)methyl)-1H-
pyrazol-4-amine (114)
113 (1.17 g, 2.56 mmol) was dissolved in degassed MeOH (30 mL). 10% Pd/C
[ ] (120 mg) was added and the atmosphere was exchanged for Ha. The reaction
was vigorously stirred for 30 min while bubbling Hz through the mixture. The

NH; N atmosphere was exchanged for Nz, the mixture was filtered over Celite and

7 — ]ij) concentrated to afford the product (1.07 g, 2.49 mmol, 97%). "H NMR (400
N-N [}1 MHz, CDCl3) 6 7.55 (brs, TH), 7.50 (brs, 1H), 7.21 (dd, J = 8.2, 1.6 Hz, 1H), 7.18
SEM (s, TH), 5.29 (s, 2H), 4.18 (s, 2H), 3.76 — 3.72 (m, 4H), 3.67 (s, 2H), 3.55 — 3.49
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(m, 2H), 2.58 — 2.50 (m, 4H), 0.91 — 0.85 (m, 2H), -0.06 (s, 9H) (the —-NH of the benzimidazole was not
observed). *C NMR (101 MHz, CDCl3) & 147.94, 131.91, 130.54 (br), 124.38 (br), 117.17, 80.90, 66.83,
66.56, 63.56, 53.29, 17.83, -1.35 (not all quaternary carbons were observed, neither were two —CH's of
the benzimidazole). LCMS (Finnigan, 10 = 90%): t. = 4.85 min, m/z: 429.2.

2-Chloro-N-(3-(5-(morpholinomethyl)-1H-benzo[d]imidazol-2-yl)-1-((2-

(trimethylsilyl)ethoxy)methyl)-1H-pyrazol-4-yl)pyrimidin-4-amine (115)
o 114 (445 mg, 1.04 mmol) was dissolved in EtOH (1 mL). DIPEA (0.54 mL,
NZ [ j 3.1 mmol) and 2,4-dichloropyrimidine (232 mg, 1.56 mmol) were added
/1 n~ and the mixture was stirred for 4 days. The mixture was poured into H.0
N™ TNH (75 mL) and the product extracted with DCM (2x75 mL). The combined
75— ]ij) organic layers were dried over NazSO,, filtered and concentrated. The
N-N N crude was purified by automated column chromatography to afford the
SEM product (371 mg, 685 pmol, 66%). 'H NMR (400 MHz, CDCls) & 10.79 —
10.63 (2x s, 1H), 10.39 — 10.30 (2x s, 1H), 8.51 — 8.47 (2x s, TH), 8.19 - 8.15 (2x d, J = 5.8 Hz, 1H), 7.74 -
7.67 (m, 1H), 7.44 - 7.36 (m, 1H), 7.30 - 7.22 (2x dd, J = 8.3, 1.3 Hz, 1H), 6.73 - 6.68 (2x d, J = 5.6 Hz, 1H),
5.44 (s, 2H), 3.76 — 3.70 (m, 4H), 3.66 — 3.57 (m, 4H), 2.56 — 2.45 (m, 4H), 0.97 - 0.90 (m, 2H), -0.02 - -0.04
(2x s, 9H). *C NMR (101 MHz, CDCls) & 160.90, 160.88, 159.55, 156.46, 147.11, 146.93, 143.26, 142.55,
133.59, 132.91, 132.23, 132.04, 131.66, 131.62, 125.28, 124.24, 123.00, 122.96, 121.91, 119.80, 118.77,
111.54, 110.74, 106.09, 81.09, 81.07, 67.11, 67.10, 67.07, 63.84, 63.77, 53.72, 53.68, 17.81, -1.33. LCMS

(Fleet, 10 -» 90%): t, = 5.56 min, m/z: 541.2.

2-(2-Chlorophenoxy)-N-(3-(5-(morpholinomethyl)-1H-benzo[d]imidazol-2-yl)-1-((2-
(trimethylsilyl)ethoxy)methyl)-1H-pyrazol-4-yl) pyrimidin-4-amine (116)
The title compound was synthesized according to general

NZ [O procedure | using 2-chlorophenol to afford the product (95.5 mg,
)\\l - 151 pmol, 91%). 'H NMR (500 MHz, CDCls) & 11.37 - 11.31 (2x s,

) T NT R 1H), 10.26 — 10.20 (2x s, J = 9.8 Hz, 1H), 8.33 - 8.30 (2x d, J = 5.8 Hz,
AN 1H), 7.73 = 7.67 (m, 1H), 7.54 (dd, J = 8.0, 1.6 Hz, 1H), 7.47 — 7.33

NN (m, 3H), 7.30 = 7.24 (m, 2H), 7.24 - 7.19 (m, 1H), 6.58 — 6.52 (2x d, J

SEM = 54 Hz, 1H), 5.1 (s, 2H), 3.74 — 3.64 (m, 4H), 3.63 — 3.55 (2x 5, 2H),

344 (t, J = 8.1 Hz, 2H), 2.56 — 2.38 (m, 4H), 0.92 — 0.83 (m, 2H), -0.03 - -0.05 (2x s, 9H). *C NMR (126
MHz, CDCl3) & 164.93, 160.03, 157.30, 157.28, 149.75, 147.21, 147.08, 143.26, 142.58, 133.11, 133.04,
132.25, 131.78, 131.70, 131.63, 130.54, 128.34, 128.01, 126.36, 125.00, 124.80, 124.01, 123.09, 123.04,
121.57,119.69, 118.60, 111.83, 110.82, 102.52, 80.72, 66.99, 66.94, 66.71, 66.69, 63.79, 63.73, 53.59, 53.55,
17.77, -1.34, -1.37. LCMS (Fleet, 10 -» 90%): t, = 5.78 min, m/z: 633.2.

2-(3-Chlorophenoxy)-N-(3-(5-(morpholinomethyl)-1H-benzo[d]imidazol-2-yl)-1-((2-
(trimethylsilyl)ethoxy)methyl)-1H-pyrazol-4-yl)pyrimidin-4-amine (117)

O The title compound was synthesized according to general

/@\ Nﬂ\ [ procedure | using 3-chlorophenol to afford the product (85.8
cl O)\\N NH N" mg, 135 umol, 81%). 'H NMR (500 MHz, CDCl3) § 11.21-11.10
/S_(N]ij) (m, 1H), 10.28 - 10.19 (m, 1H), 8.30 - 8.24 (2x d, J = 5.8 Hz, TH),

\t ) 7.73 = 7.68 (m, TH), 7.48 — 7.44 (2x s, TH), 7.43 — 7.35 (m, 2H),

SEM 7.35-733 (2xt,J = 23 Hz, 1H), 7.31 (dd, J = 8.0, 2.0 Hz, 1H),

7.26-7.22 (2xdd, J = 8.3, 1.5 Hz, 1H), 7.20-7.16 (2x dt, J = 8.1,
2.5 Hz, TH), 6.58 - 6.52 (2x d, J = 5.8 Hz, TH), 5.20 (s, 2H), 3.76 — 3.68 (m, 4H), 3.65 — 3.57 (2x s, 2H), 3.49
—3.43 (m, 2H), 2.56 — 2.43 (m, 4H), 0.91 - 0.85 (m, 2H), -0.04 — -0.05 (2x s, 9H). *C NMR (126 MHz, CDCls)
6 165.46, 159.98, 159.88, 157.24, 157.21, 154.09, 147.19, 147.05, 146.92, 143.27, 142.60, 134.65, 133.19,
133.06, 132.92, 132.19, 132.04, 131.87, 131.66, 130.47, 125.49, 125.08, 124.07, 123.51, 123.00, 122.96,
122.88, 122.83, 121.76, 121.27, 119.78, 118.66, 111.68, 111.62, 110.72, 110.67, 102.63, 102.55, 80.86,
67.01, 66.97, 66.81, 66.79, 63.81, 63.75, 53.62, 17.75, -1.32. LCMS (Fleet, 10 = 90%): t. = 5.76 min, m/z
633.2.
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2-(4-Chlorophenoxy)-N-(3-(5-(morpholinomethyl)-1H-benzo[d]limidazol-2-yl)-1-((2-
(trimethylsilyl)ethoxy)methyl)-1H-pyrazol-4-yl)pyrimidin-4-amine (118)
The title compound was synthesized according to general
c N7 [ procedure | using 4-chlorophenol to afford the product (95.5
\©\0)\/j\ N~ Mg, 151 pmol, 91%). 'H NMR (500 MHz, CDCl3) § 11.62 - 11.53

|
N NH
N (2x's, TH), 10.21-10.12 (2x s, 1H), 8.18 —=8.14 (2x d, J = 5.9 Hz,
m 1H), 7.70 - 7.64 (m, 1H), 7.44 - 7.37 (m, 3H), 7.31 (s, 1H), 7.24 -
SEM’NiN N 7.16 (m, 3H), 6.57 - 6.53 (2x d, J = 5.8 Hz, 1H), 5.15 (s, 2H), 3.72

—3.65 (m, 4H), 3.62 — 3.56 (2x s, 2H), 3.50 — 3.43 (m, 2H), 2.51 -
2.43 (m, 4H), 0.91 - 0.85 (m, 2H), -0.05 (s, 9H). *C NMR (126 MHz, CDCl3) § 165.46, 159.92, 159.82, 156.84,
151.96, 146.97, 146.85, 146.74, 143.07, 142.46, 133.20, 133.07, 132.67, 132.40, 132.26, 131.84, 131.38,
130.43, 129.64, 125.14, 124.39, 124.15, 124.13, 122.74, 122.70, 122.61, 122.58, 121.93, 119.67, 118.45,
111.88, 110.88, 102.45, 102.40, 80.72, 66.81, 66.76, 66.72, 63.71, 53.48, 53.44, 17.70, -1.43, -1.49. LCMS
(Fleet, 10 - 90%): t, = 5.70 min, m/z: 633.2.

2-(3-Chlorophenyl)-N-(3-(5-(morpholinomethyl)-1H-benzo[dlimidazol-2-yl)-1-((2-
(trimethylsilyl)ethoxy)methyl)-1H-pyrazol-4-yl)pyrimidin-4-amine (119)
The title compound was synthesized from 115 (125 mg, 231
NZ [ pumol) and 3-chlorophenylboronic acid (36.8 mg, 236 pmol)
CIO)\\/Nj\NH N~ according to general procedure G (reaction time 16 h). The crude
N was purified by automated column chromatography (0 — 10%
m ]ij) MeOH/EtOAC) to afford the product (87.3 mg, 141 umol, 61%). 'H
EM,N*N N NMR (500 MHz, CDCl3) 6 10.96 — 10.79 (2x s, 1H), 10.14 — 10.06
(2x's, 1H), 8.58 (s, 1TH), 8.41 — 8.37 (2x d, J = 5.9 Hz, 1H), 8.37 (s,
1H), 825 (d, J = 7.5 Hz, 1H), 7.76 = 7.71 (m, 1H), 7.45 - 7.42 (m, 1H), 7.40 (t, J/ = 7.7 Hz, 1H), 7.37 - 7.31
(m, TH), 7.27 = 7.23 (m, 1H), 6.70 (d, J = 5.8 Hz, 1H), 5.43 (s, 2H), 3.79 — 3.70 (m, 4H), 3.68 — 3.60 (m, 4H),
2.57 — 2.48 (m, 4H), 0.98 — 0.93 (m, 2H), -0.05 (s, 9H). *C NMR (126 MHz, CDCl3) 6 163.40, 158.67, 155.27,
147.26, 147.10, 143.42, 142.74, 140.50, 134.53, 133.18, 133.00, 132.17, 131.89, 131.64, 130.26, 129.77,
128.39, 126.21, 125.18, 124.20, 123.80, 121.18, 119.93, 118.79, 111.56, 110.64, 106.21, 81.12, 67.16, 67.00,
63.77, 63.73, 53.64, 17.81, -1.35. LCMS (Fleet, 10 - 90%): t. = 5.44 min, m/z: 617.1.

S

N-(3-(5-(Morpholinomethyl)-1H-benzo[d]imidazol-2-yl)-1-((2- (trimethylsilyl)ethoxy)methyl)-1H-
pyrazol-4-yl)-2-(3-((trimethylsilyl)ethynyl)phenyl) pyrimidin-4-amine (120)
A microwave vial was charged with 115 (125 mg, 231

™S ij\ [O] umol), K>COs (128 mg, 924 umol), 3-
\©/L\N | NH N~ [(trimethylsilyl)ethynyl]phenylboronic acid pinacol ester

N (74.2 mg, 247 pmol) and 4:1 dioxane/H20 (1.2 mL). N2 was

m bubbled through the mixture for 1 min after which

SEM -N N Pd(dppf)ClDCM (13.2 mg, 16.2 umol) was added. N2 was

bubbled through the mixture for 30 sec after which the vial
was sealed. The mixture was heated to 90°C and stirred for 16 h. Then, extra K2COs (64.0 mg, 462 umol),
3-[(trimethylsilyl)ethynyl]phenylboronic acid pinacol ester (37.1 mg, 124 pmol) and Pd(dppf)Cl.-DCM (6.7
mg, 8.0 ymol) were added, N2 was bubbled through the mixture for 30 sec after which the vial was sealed
and stirred at 90°C for another 8 h. The mixture was poured into H20O (20 mL). The product was extracted
with DCM (2x20 mL) and the combined organic layers were concentrated as such. The crude was purified
by automated column chromatography (0 — 10% MeOH/EtOAc) to afford the product (44 mg, 65 umol,
28%). "H NMR (400 MHz, CDCl3) 6 10.87 — 10.70 (2x s, TH), 10.13 — 10.06 (2x s, TH), 8.65 (s, 1H), 8.52 (s,
1H), 844 -8.39 (2xd,J = 5.5Hz 1H), 833 (d,J = 7.6 Hz, 1H), 7.77 - 7.71 (m, 1H), 7.58 (dt, / = 7.7, 1.4 Hz,
1H), 7.43 (t, J = 7.8 Hz, 1H), 7.41-7.35 (m, 1H), 7.26 (dd, J = 8.3, 1.3 Hz, 1H), 6.73 (d, / = 5.8 Hz, 1H), 5.48
—5.45 (2x s, 2H), 3.78 — 3.70 (m, 4H), 3.68 — 3.59 (m, 4H), 2.57 — 2.47 (m, 4H), 0.97 — 0.91 (m, 2H), 0.28 (s,
9H), -0.06 (s, 9H). 3C NMR (101 MHz, CDCls) & 163.88, 158.72, 155.34, 147.28, 147.13, 143.42, 142.75,
138.69, 133.61, 133.20, 133.01, 132.25, 132.16, 132.00, 131.90, 131.66, 128.52, 128.16, 125.24, 124.86,
124.25, 123.87, 123.48, 121.37, 119.96, 118.82, 111.64, 110.71, 106.12, 105.13, 94.37, 81.07, 67.05, 63.82,
63.78, 53.67, 53.64, 17.82, 0.12, -1.34. LCMS (Fleet, 10 — 90%): t, = 6.60 min, m/z: 679.2.
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N-(3-(5-(Morpholinomethyl)-1H-benzo[d]imidazol-2-yl)-1-((2- (trimethylsilyl)ethoxy)methyl)-1H-
pyrazol-4-yl)-2-(3-(trifluoromethyl) phenyl) pyrimidin-4-amine (121)
The title compound was synthesized from 115 (125 mg, 231

NZ [ pmol) and (3-(trifluoromethyl)phenyl)boronic acid (46.9 mg, 247

FsC : J\\/Nj\NH N~ Mmol) according to general procedure G (reaction time 16 h).
N The crude was purified by automated column chromatography

m (0 — 10% MeOH/EtOAC) to afford the product (112 mg, 173

SEM,N*N N pmol, 75%). 'H NMR (400 MHz, CDCls) § 11.12 - 10.91 (2x s, 1H),

10.16 (s, TH), 8.67 (s, 1H), 8.58 (s, 1H), 8.55 (d, J = 7.8 Hz, TH),
841 (d,J=58Hz 1H), 7.74 (brs, 1H), 7.72 (d, J = 7.7 Hz, 1H), 7.58 (t, / = 7.8 Hz, 1H), 7.41 - 7.31 (m, 1H),
7.25(dd, J = 8.1, 1.8 Hz, 1H), 6.72 (d, J = 5.8 Hz, 1H), 5.41 (s, 2H), 3.79 = 3.71 (m, 4H), 3.69 — 3.58 (m, 4H),
2.60 —2.49 (m, 4H), 0.97 - 0.90 (m, 2H), -0.06 (s, 9H). *C NMR (101 MHz, CDCls) & 163.16, 158.64, 155.29,
147.17 (br), 147.08 (br), 143.35 (br), 142.71 (br), 139.34, 133.06 (br), 132.89 (br), 132.26 (br), 131.72, 131.57
(br), 131.27, 130.95, 130.63, 129.08, 126.85 (br), 126.81 (br), 125.70, 125.27 (br), 125.08 (br), 125.04 (br),
125.00 (br), 124.97 (br), 124.28 (br), 123.71, 122.99, 121.31, 120.00 (br), 118.77 (br), 111.75 (br), 110.74
(br), 106.39, 81.08, 67.13, 66.90, 63.67, 53.53, 17.74, -1.44. LCMS (Fleet, 10 - 90%): t. = 5.85 min, m/z:
651.1.

3-(4-((3-(5-(Morpholinomethyl)-1H-benzo[d]imidazol-2-yl)-1-((2-(trimethylsilyl)ethoxy)methyl)-1H-
pyrazol-4-yl)amino)pyrimidin-2-yl)benzonitrile (122)

o A microwave vial was charged with 115 (125 mg, 231 umol),
N%j\ [ K2COs (128 mg, 924 pmol), (3-cyanophenyl)boronic acid (37.3

NC SN ‘ N N~ Mg, 254 pymol) and 4:1 dioxane/H20 (1.2 mL). N2 was bubbled
N through the mixture for 1 min after which Pd(dppf)Cl-DCM (13.2

m ]ij) mg, 16.2 umol) was added. N2 was bubbled through the mixture

SEM,N*N N for 30 sec after which the vial was sealed. The mixture was heated

to 90°C and stirred for 5 h. Then, extra K2COs (60.0 mg, 434 pmol),
(3-cyanophenyl)boronic acid (15.0 mg, 102 umol) and Pd(dppf)Cl-DCM (6.0 mg, 7.3 umol) were added,
Nz was bubbled through the mixture for 30 sec after which the vial was sealed and stirred at 90°C for
another 4.5 h. The mixture was poured into H20 (20 mL) and brine (1 mL). The product was extracted
with 5% MeOH/DCM (20 mL) and DCM (3x20 mL) and the combined organic layers were concentrated
as such. The crude was purified by automated column chromatography (0 — 15% MeOH/EtOAc) to afford
the product (101 mg, 167 pmol, 72%). '"H NMR (400 MHz, CDCls)  10.80 - 10.63 (2x s, TH), 10.18 - 10.11
(2x's, TH), 8.66 — 8.62 (2x t, J = 1.7 Hz, 1H), 8.59 — 8.54 (2x dt, J/ = 8.1, 1.5 Hz, 1H), 8.51 — 8.48 (2x s, TH),
8.41-8.36 (2x d, J = 5.8 Hz, 1H), 7.75 - 7.68 (m, 2H), 7.55 (t, J = 7.8 Hz, 1H), 7.35 — 7.30 (m, 1H), 7.27 -
7.23 (m, 1H), 6.73 (d, J = 5.8 Hz, 1H), 5.47 — 5.42 (2x s, 2H), 3.79 = 3.70 (m, 4H), 3.67 — 3.59 (m, 4H), 2.58
—2.46 (m, 4H), 0.94 (t, J = 8.2 Hz, 2H), -0.06 (s, 9H). *C NMR (101 MHz, CDCl3) & 162.50, 162.47, 158.68,
155.25, 147.18, 147.00, 143.34, 142.62, 139.76, 133.36, 132.86, 132.10, 132.01, 131.90, 131.59, 131.57,
129.30, 125.17, 124.18, 123.67, 123.61, 120.80, 119.84, 118.84, 118.75, 112.63, 111.42, 110.56, 106.60,
81.17, 67.14, 67.05, 67.00, 63.79, 63.74, 53.68, 53.64, 17.76, -1.38. LCMS (Fleet, 10 —» 90%): t. = 5.24 min,
m/z: 608.3.

2-(3-Chloro-2-fluorophenyl)-N-(3-(5-(morpholinomethyl)-1H-benzo[d]imidazol-2-yl)-1-((2-
(trimethylsilyl)ethoxy)methyl)-1H-pyrazol-4-yl)pyrimidin-4-amine (123)
The title compound was synthesized from 115 (115 mg, 213
[ pmol) and (3-chloro-2-fluorophenyl)boronic acid (37.8 mg, 217

F N7

cl /j\ N~ Mmol) according to general procedure G (reaction time 16 h). The
\©/LN N N crude was purified by automated column chromatography (0 —
m ]ij) 8% MeOH/EtOAC) to afford the product (104 mg, 164 pmol, 77%).

N-N N "H NMR (400 MHz, CDCls) & 10.90 - 10.75 (m, 1H), 10.16 - 10.08

EM (2x s, 1H), 8.72 - 8.69 (2x s, 1H), 846 — 8.41 (2x d, J = 5.9 Hz, TH),
8.05-7.99 (m, 1H), 7.77 = 7.70 (m, 1H), 7.52 - 7.46 (m, 1H), 7.33 - 7.28 (m, 1H), 7.27 - 7.22 (m, 1H), 7.20
—-7.14 (m, 1H), 6.76 (dd, J = 5.9, 2.5 Hz, TH), 5.44 - 541 (2x s, 2H), 3.77 - 3.70 (m, 4H), 3.67 — 3.58 (m, 4H),
2.56 — 2.45 (m, 4H), 0.98 — 0.91 (m, 2H), -0.06 — -0.07 (2x s, 9H). 3C NMR (101 MHz, CDCls) & 162.09,

S
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162.06, 162.04, 162.02, 158.35, 157.95, 155.40, 155.21, 155.18, 147.36, 147.20, 143.40, 142.70, 133.32,
132.95, 132.09, 132.05, 131.84, 131.70, 131.66, 130.29, 130.28, 128.75, 128.66, 125.10, 124.42, 124.38,
124.12, 123.57, 123.52, 122.49, 122.31, 122.01, 121.96, 119.82, 118.75, 111.46, 110.61, 106.12, 81.05,
67.09, 67.04, 63.85, 63.79, 53.70, 53.67, 17.74, -1.40. LCMS (Fleet, 10 — 90%): t, = 5.37 min, m/z: 635.3.

2-(2-Fluoro-3-((trimethylsilyl)ethynyl)phenyl)-N-(3-(5-(morpholinomethyl)-1H-benzo[d]imidazol-2-
yD)-1-((2- (trimethylsilyl)ethoxy)methyl)-1H-pyrazol-4-yl)pyrimidin-4-amine (124)
o. The title compound was synthesized from 123 (42 mg, 66

T™S F N/j [ pumol) according to general procedure H. The crude was
X ! N NH purified by automated column chromatography (0 — 8%

N MeOH/EtOAC) to afford the product (37.4 mg, 53.7 umol,

m 81%). "H NMR (500 MHz, CDCl3) & 10.90 — 10.76 (2x s, TH),

SEMN NN 10.14 - 10.05 (2x s, TH), 8.75 (s, 1H), 8.47 - 843 2x d, J =

6.3 Hz, 1H), 8.12 - 8.06 (2x d, J = 7.3 Hz, 1H), 7.78 - 7.70
(m, TH), 7.55 (ddd, J = 7.8, 6.3, 1.6 Hz, 1H), 7.36 = 7.29 (m, TH), 7.27 - 7.23 (m, 1H), 7.18 (t, / = 7.7 Hz, 1H),
6.75 (d, J = 5.9 Hz, 1H), 5.43 (s, 2H), 3.78 — 3.71 (m, 4H), 3.69 — 3.57 (m, 4H), 2.61 — 2.45 (m, 4H), 0.96 —
0.87 (m, 2H), 0.29 (s, 9H), -0.08 (s, 9H). *C NMR (126 MHz, CDCls) & 162.61, 162.31, 162.28, 160.54, 158.35,
155.21, 147.42, 147.27, 143.43, 142.78, 135.09, 132.98, 132.16, 131.70, 127.36, 127.29, 125.13, 124.17,
123.78, 123.74, 123.59, 122.20, 119.92, 118.78, 113.31, 113.17, 111.58, 110.67, 105.95, 100.41, 100.38,
98.16, 80.95, 66.96, 66.92, 63.73, 53.60, 17.70, 0.00, -1.38. LCMS (Fleet, 10 -» 90%): t. = 6.51 min, m/z:
697.3.

2-(5-Chloro-2-fluorophenyl)-N-(3-(5-(morpholinomethyl)-1H-benzo[d]imidazol-2-yl)-1-((2-
(trimethylsilyl)ethoxy)methyl)-1H-pyrazol-4-yl)pyrimidin-4-amine (125)
The title compound was synthesized from 115 (100 mg, 185

N%j\ [ pmol) and (5-chloro-2-fluorophenyl)boronic acid (33.2 mg, 190

cl N ‘ N~ umol) according to general procedure G (reaction time 16 h). The
N~ "NH it

N crude was purified by automated column chromatography (0 —

F m 6% MeOH/EtOAc) to afford the product (65.5 mg, 103 pmol,

SEMN NN 56%). "H NMR (400 MHz, CDCl3) § 10.76 — 10.61 (2x s, TH), 10.17

—10.08 (2x's, TH), 8.71 - 8.68 (2x s, 1H), 8.45-8.41 (2xd, J = 6.2
Hz, 1H), 8.19 - 8.15 (2x dd, J = 6.7, 2.6 Hz, 1H), 7.76 — 7.71 (m, 1H), 7.40 — 7.35 (2x ddd, J = 8.6, 3.9, 2.7
Hz, 1H), 7.35-7.29 (m, 1H), 7.28 - 7.22 2x dd, J/ = 8.1, 1.6 Hz, 1H), 7.16 — 7.10 (2x dd, / = 10.1, 8.8 Hz,
1H), 6.76 — 6.74 (2x d, J = 5.9 Hz, TH), 5.45 - 5.42 (2x s, 2H), 3.79 — 3.69 (m, 4H), 3.67 — 3.57 (m, 4H), 2.57
—2.45 (m, 4H), 0.97 - 0.90 (m, 2H), -0.05 — -0.07 (2x s, 9H). *C NMR (101 MHz, CDCl3) & 161.64, 161.61,
161.59, 161.56, 161.04, 158.52, 158.37, 155.20, 155.16, 147.36, 147.19, 143.42, 142.72, 133.39, 132.92,
132.10, 132.06, 131.70, 131.68, 131.63, 131.60, 131.20, 131.11, 129.37, 129.33, 128.42, 128.32, 125.12,
124.15, 123.64, 123.59, 121.89, 121.84, 121.82, 119.85, 118.79, 11847, 118.22, 111.42, 110.59, 106.18,
106.15, 81.11, 67.10, 67.08, 67.06, 63.86, 63.79, 53.72, 53.69, 17.79, -1.38. LCMS (Fleet, 10 - 90%): t. =
5.41 min, m/z: 635.2.

2-Chloro-5-methoxy-N-(3-(5-(morpholinomethyl)-1H-benzo[d]imidazol-2-yl)-1-((2-
(trimethylsilyl)ethoxy)methyl)-1H-pyrazol-4-yl)pyrimidin-4-amine (126)

| 114 (1.20 g, 2.80 mmol) was dissolved in EtOH (3 mL) after which DIPEA
NEa [ (1.5 mL 8.4 mmol) and 2,4-dichloro-5-methoxypyrimidine (752 mg, 4.20
/I mmol) were added. The mixture was heated to 40°C and stirred for 6
CI” N7 "NH N days. The mixture was poured into HO (75 mL) and the product
]ij) extracted with DCM (2x50 mL). The combined organic layers were
| concentrated as such. The crude was purified by automated column
SEM chromatography (0 — 10% MeOH/EtOAc) to afford the product (1.12 g,
1.97 mmol, 70%). '"H NMR (400 MHz, CDCls) 6 10.65 - 10.59 (2x s, 1H), 10.58 — 10.49 (2x s, 1H), 8.54 -
8.48 (2x s, 1H), 7.72 - 7.66 (m, 2H), 7.43 — 7.35 (m, 1H), 7.28 — 7.24 (m, 1H), 5.45 - 5.42 (2x s, 2H), 4.06 —
4.02 (2x s, 3H), 3.76 — 3.70 (m, 4H), 3.66 — 3.62 (2x s, 2H), 3.62 — 3.56 (m, 2H), 2.55 — 2.45 (m, 4H), 0.96 —
0.90 (m, 2H), -0.03 - -0.05 (2x s, 9H). *C NMR (101 MHz, CDCl3) & 151.56, 151.54, 151.29, 147.07, 146.90,
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143.48, 142.73, 140.15, 140.13, 133.70, 133.67, 133.52, 132.94, 132.09, 132.07, 132.06, 132.01, 125.29,
124.11, 122.83, 121.72, 121.67, 119.99, 118.90, 111.52, 110.65, 81.08, 81.05, 67.09, 63.92, 63.82, 56.71,
56.63, 53.74, 17.81, -1.34. LCMS (Fleet, 10 - 90%): t. = 6.13 min, m/z: 571.1.

2-(3-Chlorophenyl)-5-methoxy-N-(3-(5-(morpholinomethyl)-1H-benzo[d]imidazol-2-yl)-1-((2-
(trimethylsilyl)ethoxy)methyl)-1H-pyrazol-4-yl)pyrimidin-4-amine (127)
| o The title compound was synthesized from 126 (175 mg, 306
N7 o] [ pmol) and (3-chlorophenyl)boronic acid (55.1 mg, 352 umol)
cl \/I N according to general procedure G (reaction time 16 h). The crude
O)\N Wy was purified by HPLC (Waters, 35 — 45% MeCN in 0.2% TFA (aq.)),
m ]ij) the pH of the combined fractions was adjusted to pH ~8 using
| 10 M NaOH after which the mixture was concentrated. The
SEM product was dissolved in a mixture of H20 (20 mL) and DCM (20
mL). The organic layer was separated and the water layer extracted with DCM (20 mL). The combined
organic layers were dried over NazSOy, filtered and concentrated to afford the product (103 mg, 159
pumol, 52%). "H NMR (400 MHz, CDCls) & 10.89 — 10.81 (2x s, 1H), 10.47 — 10.41 (2x s, 1H), 8.61 — 8.58 (m,
1H), 8.32 - 8.29 (m, 1H), 8.20 — 8.15 (m, 1H), 7.93 - 7.88 (2x s, TH), 7.74 — 7.69 (m, 1H), 7.41 - 7.36 (m, 2H),
7.32-7.27 (m, TH), 7.27 - 7.22 (m, TH), 5.39 (s, 2H), 4.06 — 4.03 (2x s, 3H), 3.78 - 3.70 (m, 4H), 3.68 — 3.58
(m, 4H), 2.51 (dt, J = 16.7, 4.7 Hz, 4H), 0.96 — 0.89 (m, 2H), -0.07 — -0.08 (2x s, 9H). *C NMR (101 MHz,
CDCls) & 155.41, 155.39, 150.21, 150.19, 147.28, 147.12, 143.60, 142.85, 140.51, 140.04, 140.02, 134.39,
134.37, 133.21, 133.01, 132.69, 132.66, 132.16, 132.02, 131.98, 131.88, 129.69, 129.25, 127.85, 125.65,
125.15, 124.01, 123.57, 120.93, 120.87, 120.02, 118.87, 111.46, 110.52, 81.07, 67.07, 67.06, 67.03, 63.91,
63.82, 56.35, 56.26, 53.71, 17.76, -1.38. LCMS (Fleet, 10 —» 90%): t. = 6.04 min, m/z: 647.3.

5-Methoxy-N-(3-(5-(morpholinomethyl)-1H-benzo[d]imidazol-2-yl)-1-((2-
(trimethylsilyl)ethoxy)methyl)-1H-pyrazol-4-yl)-2-(3-((trimethylsilyl)ethynyl)phenyl)pyrimidin-4-
amine (128)
| The title compound was synthesized from 127 (50 mg, 77
™S N pumol) according to general procedure H. The crude was
A /\/[ purified by automated column chromatography (0 — 10%
MeOH/EtOAc) to afford the product (52.6 mg, 74.2 pmol,
Y ]ij) 96%). '"H NMR (400 MHz, CDCl3) & 10.46 — 10.43 (2x s, TH),
10.41 - 10.37 (2x s, 1H), 8.71 — 8.68 (2x s, 1H), 8.47 — 8.45
(2xt,J = 1.6 Hz, 1H), 8.29 - 8.25 (2x dt, J = 7.8, 1.3 Hz, TH),
7.99-7.96 (2xs, 1H), 7.74 - 7.71 (m, 1H), 7.53 (dt, J = 7.5, 1.5 Hz, TH), 7.41 (t, J/ = 8.1 Hz, 1H), 7.39 - 7.34
(m, TH), 7.28 — 7.25 (m, 1H), 5.47 — 5.43 (2x s, 2H), 4.12 — 4.07 (2x s, 3H), 3.77 - 3.71 (m, 4H), 3.68 — 3.58
(m, 4H), 2.57 — 2.45 (m, 4H), 0.96 — 0.90 (m, 2H), 0.28 (s, 9H), -0.06 — -0.08 (2x s, 9H). *C NMR (101 MHz,
CDCl3) 6 156.03, 150.36, 150.34, 147.31, 147.14, 143.67, 142.92, 140.04, 140.03, 138.72, 133.39, 132.94,
132.69, 132.08, 132.07, 132.01, 132.00, 131.48, 128.46, 127.69, 125.24, 124.09, 123.69, 123.35, 121.17,
121.13,120.12, 119.00, 111.42, 110.54, 105.37,94.12, 81.12, 67.12, 67.10, 67.04, 67.02, 63.96, 63.87, 56.46,
56.38, 53.76, 0.15, -1.33. LCMS (Fleet, 10 - 90%): t. = 7.08 min, m/z: 709.4.

5-Methoxy-N-(3-(5-(morpholinomethyl)-1H-benzo[d]imidazol-2-yl)-1-((2-

(trimethylsilyl)ethoxy)methyl)-1H-pyrazol-4-yl)-2-(3-(trifluoromethyl) phenyl)pyrimidin-4-amine

(129)

The title compound was synthesized from 126 (75.8 mg, 133
-(trifluoromethyl)phenyl)boronic acid (29.0 mg, 153

N7 o [O pmol) and (3
FiC /\/[ pmol) according to general procedure G (reaction time 16 h).
: The crude was purified by automated column chromatography
(S_< ]ij) (0 — 10% MeOH/EtOAc) to afford the product (74.0 mg, 109
pmol, 82%). 'H NMR (400 MHz, CDCls) § 10.68 — 10.57 (2x s, TH),
10.50 - 10.42 (2x s, 1H), 8.65 - 8.61 (m, 2H), 8.52 — 8.47 (m, TH),
7.98-793 (2x S, 1H), 7.74-7.70 (m, TH), 7.69 — 7.65 (m, 1H), 7.57 (t, J = 7.8 Hz, 1H), 7.37 - 7.30 (m, 1H),
7.28 —7.23 (m, 1H), 5.40 — 5.37 (2x s, 2H), 4.09 — 4.05 (2x s, 3H), 3.78 — 3.70 (m, 4H), 3.68 — 3.58 (m, 4H),
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2.58 — 2.46 (m, 4H), 0.95 — 0.90 (m, 2H), -0.06 — -0.08 (2x s, 9H). *C NMR (101 MHz, CDCls) & 155.28,
155.26, 150.30, 150.28, 147.28, 147.12, 143.64, 142.89, 140.21, 140.19, 139.42, 133.36, 132.98, 132.80,
132.77, 132.16, 132.13, 132.12, 131.99, 130.89, 130.69, 130.57, 128.99, 125.88, 125.85, 125.80, 125.22,
124.57, 124.54, 124.50, 124.46, 124.08, 123.53, 123.10, 121.06, 121.01, 120.08, 118.95, 111.44, 110.54,
81.15, 67.11, 67.08, 63.94, 63.85, 56.42, 56.33, 53.75, 17.75, -1.43. LCMS (Fleet, 10 - 90%): t, = 6.41 min,
m/z: 681.3.

3-(5-Methoxy-4-((3-(5-(morpholinomethyl)-1H-benzo[d]imidazol-2-yl)-1-((2-
(trimethylsilyl)ethoxy)methyl)-1H-pyrazol-4-yl)amino)pyrimidin-2-yl)benzonitrile (130)
| o A microwave vial was charged with 126 (72,6 mg, 127 pmol),
N7 o] [ K2COs (70.3 mg, 508 pmol), (3-cyanophenyl)boronic acid (21.5
NC /i mg, 146 pmol) and 4:1 dioxane/H20 (0.65 mL). N2 was bubbled

through the mixture for 1 min after which Pd(dppf)Cl.-DCM (7.3
mg, 8.9 ymol) was added. N2 was bubbled through the mixture

for 30 sec after which the vial was sealed. The mixture was heated

to 90°C and stirred for 16 h. Extra K2COs (70.3 mg, 508 umol), (3-
cyanophenyl)boronic acid (21.5 mg, 146 pmol), 4:1 dioxane/H20 (0.2 mL) and Pd(dppf)Cl-DCM (7.3 mg,
8.9 pmol) were added and the mixture was continued to stir for another 16 h. The mixture was poured
into H20 (20 mL) and brine (2 mL). The product was extracted with DCM (2x20 mL) and the combined
organic layers were concentrated as such. The crude was purified by automated column chromatography
(0 - 10% MeOH/EtOAc) to afford the product (62.4 mg, 97.8 pmol, 77%). '"H NMR (400 MHz, CDCls) &
10.64 — 10.44 (m, 2H), 8.59 — 8.57 (2x t, J = 1.8 Hz, 1H), 8.55 -8.53 (2x s, TH), 8.51 - 847 (2x dt, J = 7.9,
1.4 Hz, 1H), 7.97 = 7.90 (2x s, 1H), 7.73 = 7.69 (m, 1H), 7.68 — 7.64 (2x dt, / = 7.7, 2.0 Hz, 1H), 7.53 (t, J =
7.8 Hz, 1H), 7.38 — 7.32 (m, 1H), 7.29 — 7.24 (m, 1H), 5.44 — 5.41 (2x s, J = 1.3 Hz, 2H), 4.11 — 4.07 (2x s,
3H), 3.77 — 3.70 (m, 4H), 3.68 — 3.58 (m, 4H), 2.57 — 2.46 (m, 4H), 0.96 — 0.90 (m, 2H), -0.06 — -0.08 (2x s,
9H). 3C NMR (101 MHz, CDCls) & 154.55, 154.52, 150.33, 150.32, 147.18, 147.01, 143.57, 142.81, 140.33,
140.31, 139.81, 133.38, 132.93, 132.67, 132.65, 132.46, 132.08, 132.00, 131.96, 131.60, 131.38, 129.24,
125.24, 124.10, 123.50, 120.67, 120.62, 120.04, 119.05, 118.91, 112.54, 111.43, 110.54, 81.17, 67.14, 67.13,
67.08, 67.05, 63.91, 63.82, 56.47, 56.38, 53.73, 17.78, -1.37. LCMS (Fleet, 10 - 90%): t. = 5.80 min, m/z:
638.3.

2-(3-Chloro-2-fluorophenyl)-5-methoxy-N-(3-(5-(morpholinomethyl)-1H-benzo[dlimidazol-2-yl)-1-
((2-(trimethylsilyl)ethoxy)methyl)-1H-pyrazol-4-yl)pyrimidin-4-amine (131)
| The title compound was synthesized from 126 (200 mg, 350
N [ ] pumol) and (3-chloro-2-fluorophenyl)boronic acid (65.3 mg, 375
cl /I pmol) according to general procedure G (reaction time 64 h). The
\ij)\ crude was purified by automated column chromatography (0 —
/ ]ij) 10% MeOH/EtOAC) to afford the product (160 mg, 241 pmol,
69%). 'H NMR (400 MHz, CDCls) & 10.71 - 10.58 (2x s, 1H), 10.53
-10.45 (2x s, 1H), 8.81-8.75 (2x 5, TH), 8.07 — 8.04 (2x s, 1H), 8.01
(t,J=7.8Hz 1H), 7.78 - 7.71 (m, TH), 7.48 (t, J = 7.2 Hz, 1H), 7.39 - 7.31 (m, 1H), 7.31 - 7.24 (m, 1H), 7.18
(t, J = 7.9 Hz, 1H), 5.46 (s, 2H), 4.20 — 4.09 (2x s, 3H), 3.80 — 3.72 (m, 4H), 3.70 — 3.61 (m, 4H), 2.58 - 2.48
(m, 4H), 0.97 (t, J = 8.1 Hz, 2H), -0.03 (s, 9H). *C NMR (101 MHz, CDCls) & 157.74, 155.20, 154.02, 153.97,
150.06, 150.04, 147.35, 147.18, 143.64, 142.90, 139.82, 133.30, 132.99, 132.89, 132.87, 132.14, 132.09,
131.94, 131.10, 130.00, 128.74, 128.65, 125.13, 124.31, 124.27, 124.00, 123.42, 122.44, 122.25, 121.81,
121.76, 120.04, 118.93, 111.43, 110.55, 81.06, 67.11, 67.08, 63.94, 63.85, 56.42, 56.34, 53.74, 17.75, -1.40.
LCMS (Finnigan, 10 = 90%): t. = 6.71 min, m/z: 665.1.

160



Hit optimization of benzimidazoles towards highly potent BUBT inhibitors

2-(2-Fluoro-3-((trimethylsilyl)ethynyl)phenyl)-5-methoxy-N-(3-(5-(morpholinomethyl)-1H-
benzo[d]imidazol-2-yl)-1-((2-(trimethylsilyl)ethoxy)methyl)-1H-pyrazol-4-yl)pyrimidin-4-amine (132)
| o The title compound was synthesized from 131 (100 mg,
™s N A [ 150 pmol) according to general procedure H. The crude
A /\/[ was purified by automated column chromatography (0 —
\Cj/k 10% MeOH/EtOAc) to afford the product (85.7 mg, 118
M ]ij) umol, 78%). "H NMR (400 MHz, CDCls) § 10.76 — 10.67 (2x
s, TH), 10.47 — 10.40 (2x s, J = 16.9 Hz, 1H), 8.80 — 8.77 (2x
d, J = 1.9 Hz, 1H), 8.08 — 8.00 (m, 2H), 7.74 = 7.70 (m, TH),
7.54-7.48 (m, 1H), 7.32 - 7.28 (m, 1H), 7.27 = 7.22 (m, 1H), 7.15 (td, J = 7.7, 1.4 Hz, 1H), 5.43 (s, 2H), 4.12
—4.07 (2x s, 3H), 3.77 - 3.69 (m, 4H), 3.67 — 3.56 (m, 4H), 2.56 — 2.45 (m, 4H), 0.94 — 0.87 (m, 2H), 0.29 (s,
9H), -0.08 - -0.10 (2x s, 9H). 3C NMR (101 MHz, CDCls) & 162.65, 160.07, 154.25, 154.21, 150.04, 150.02,
147.38, 147.21, 143.65, 142.91, 139.72, 139.70, 134.35, 133.20, 133.01, 132.91, 132.88, 132.18, 132.17,
132.13, 131.92, 131.89, 131.83, 127.33, 127.24, 125.11, 123.98, 123.67, 123.62, 123.44, 121.97, 121.92,
121.87, 120.03, 118.92, 113.21, 113.03, 111.44, 110.55, 100.15, 100.11, 98.40, 98.38, 80.97, 67.08, 67.04,
66.90, 66.88, 63.92, 63.82, 56.38, 56.30, 53.71, 17.70, 0.03, -1.39. LCMS (Finnigan, 10 - 90%): t. = 7.71

min, m/z: 727.3.

2-(5-Chloro-2-fluorophenyl)-5-methoxy-N-(3-(5-(morpholinomethyl)-1H-benzo[d]imidazol-2-yl)-1-
((2-(trimethylsilyl)ethoxy)methyl)-1H-pyrazol-4-yl)pyrimidin-4-amine (133)
| o The title compound was synthesized from 126 (100 mg, 175
N7 o [ pumol) and (5-chloro-2-fluorophenyl)boronic acid (35.1 mg, 201
cl /I pmol) according to general procedure G (reaction time: 16 h). The
\©\)\ crude was purified by automated column chromatography (0 —
]ij) 10% MeOH/EtOAC) to afford the product (90.0 mg, 135 pmol,
77%). "H NMR (400 MHz, CDCl3) & 10.62 — 10.50 (2x s, TH), 10.49
-10.42 (2x s, 1H), 8.76 - 8.72 (2x d, J = 1.8 Hz, 1H), 8.15-8.11 (2x
dd, J = 2.8, 1.9 Hz, 1H), 8.03 = 7.99 (2x s, TH), 7.74 - 7.70 (m, 1H), 7.37 = 7.30 (m, 2H), 7.28 — 7.23 (m, TH),
7.15-7.08 (2x dd, J = 10.3, 8.7 Hz, 1H), 5.45 - 5.42 (2x s, 2H), 4.13 — 4.09 (2x s, 3H), 3.77 — 3.70 (m, 4H),
3.66 — 3.58 (m, 4H), 2.56 — 2.45 (m, 4H), 0.96 — 0.89 (m, 2H), -0.06 — -0.07 (2x s, 9H). >C NMR (101 MHz,
CDCls) 6 160.81, 158.29, 153.53, 153.48, 150.05, 150.03, 147.33, 147.16, 143.64, 142.89, 139.83, 133.34,
132.98, 132.82, 132.80, 132.12, 132.08, 132.03, 131.96, 131.38, 131.36, 130.39, 130.30, 129.23, 129.22,
129.20, 129.18, 128.40, 128.29, 125.16, 124.03, 123.47, 121.71, 121.66, 121.61, 120.06, 118.94, 118.40,
118.15, 111.42, 110.54, 81.10, 67.11, 67.08, 67.06, 63.95, 63.85, 56.42, 56.34, 53.74, 17.79, -1.38. LCMS
(Fleet, 10 - 90%): t, = 6.01 min, m/z: 665.2.

2-(2-Fluoro-5-((trimethylsilyl)ethynyl)phenyl)-5-methoxy-N-(3-(5-(morpholinomethyl)-1H-

benzo[d]imidazol-2-yl)-1-((2-(trimethylsilyl)ethoxy)methyl)-1H-pyrazol-4-yl) pyrimidin-4-amine (134)
| o The title compound was synthesized from 133 (90.0 mg,
™S N [ 135 pmol) according to general procedure H. The crude
A /I was purified by automated column chromatography (0 —
\©\/L 10% MeOH/EtOAc) to afford the product (86.1 mg, 118
7 ]ij) pmol, 88%). '"H NMR (400 MHz, CDCls) § 11.03 (br s, 1H),
10.59 - 1047 (2x s, 1H), 8.79 — 8.76 (2x d, J/ = 1.9 Hz, 1H),
8.26 (dd, J = 7.6, 2.2 Hz, 1H), 8.05 - 8.01 (2x s, 1H), 7.73 -
7.69 (m, 1H), 7.48 (ddd, J = 8.5, 4.5, 2.3 Hz, TH), 7.43 - 7.36 (m, 1H), 7.27 = 7.22 (m, 1H), 7.11 (dd, J = 11.1,
8.5 Hz, TH), 5.42 (s, 2H), 4.13 - 4.06 (2x s, 3H), 3.77 — 3.71 (m, 4H), 3.71 — 3.64 (2x s, 2H), 3.62 — 3.56 (m,
2H), 2.61—2.49 (m, 4H), 0.96 — 0.88 (m, 2H), 0.25 (s, 9H), -0.08 (s, 9H). *C NMR (101 MHz, CDCl3) & 162.08,
159.53, 153.88, 153.83, 150.01, 147.20, 147.04, 143.56, 142.94, 139.74, 135.63, 135.60, 134.12, 134.03,
133.19, 132.82, 132.46, 132.39, 132.03, 131.99, 130.94, 127.02, 126.92, 125.31, 124.19, 123.58, 121.99,
121.94, 120.27, 119.45, 119.41, 118.92, 117.21, 116.97, 111.93, 110.80, 104.05, 94.02, 80.88, 67.04, 66.77,

63.61, 56.40, 56.32, 53.43, 53.38, 17.76, 0.05, -1.41. LCMS (Fleet, 10 — 90%): t, = 7.07 min, m/z: 727.3.
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Ethyl 4-((2-chloro-5-methoxypyrimidin-4-yl)amino)-1-((2- (trimethylsilyl)ethoxy)methyl)-1H-
pyrazole-3-carboxylate (135)

O 105 (1.54 g, 5.38 mmol) was dissolved in EtOH (5 mL) after which DIPEA (1.90
/NQ/:[ mL, 10.8 mmol) and 2,4-dichloro-5-methoxypyrimidine (1.45 g, 8.07 mmol) were
CI” °N” °NH added. The mixture heated to 40°C and stirred for 4 days and subsequently
M stirred at 50°C for 4 days. The mixture was poured into H20 (75 mL) and the

N,,\/‘ O™\l product extracted with DCM (2x75 mL). The organic layers were dried over

SEM Na2SOs, filtered and concentrated. The crude was purified by silica gel column

chromatography (50% Et.O/pentane) to afford the product (1.81 g, 4.22 mmol, 78%). "H NMR (400 MHz,
CDCl3) 6 9.21 (s, 1H), 8.52 (s, 1H), 7.67 (s, 1H), 5.48 (s, 2H), 4.45 (g, / = 7.1 Hz, 2H), 3.94 (s, 3H), 3.59 - 3.53
(m, 2H), 1.41 (t, J = 7.1 Hz, 3H), 0.92 - 0.86 (m, 2H), -0.06 (s, 9H). *C NMR (101 MHz, CDCl3) & 163.90,
151.14,151.02, 139.81, 134.01, 130.84, 125.79, 121.11, 81.72, 67.27, 61.49, 56.45, 17.78, 14.42, -1.41. LCMS
(Fleet, 10 - 90%): t, = 8.76 min, m/z: 428.3.

Ethyl 4-((2-(3-chloro-2,6-difluorophenyl)-5-methoxypyrimidin-4-yl)amino)-1-((2-
(trimethylsilyl)ethoxy)methyl)-1H-pyrazole-3-carboxylate (136)

N N A microwave vial was charged with 135 (250 mg, 584 pmol), (3-chloro-

o ‘/I 2,6-difluorophenyl)boronic acid (169 mg, 876 pmol) and XPhos Pd G2

\CKLN NH o (92 mg, 117 pmol) after which the vial was purged with argon and

F N subsequently sealed. Degassed THF (1 mL) and degassed 0.5 M KsPOa4

Nf,\/l 0™\ (@g.) (2 mL) were added via syringe and the mixture was stirred for 1 h.

SEM The mixture was poured into H20O (20 mL) and the product extracted with

DCM (2x20 mL). The combined organic layers were concentrated as such. The crude was purified by

automated column chromatography (50 — 80% Et.O/pentane) to afford a mixture of starting material

and product. The reaction was performed again using (3-chloro-2,6-difluorophenyl)boronic acid (113

mg, 584 pmol), XPhos Pd G2 (30 mg, 38 pmol), THF (0.5 mL) and 0.5 M K3POs4 (aqg.) (1 mL). Performing a

workup and purification as stated above, afforded a mixture of starting material and product which was

subjected to another reaction using (3-chloro-2,6-difluorophenyl)boronic acid (169 mg, 876 pmol),

XPhos Pd G2 (45 mg, 57 pmol) and THF (2 mL). The mixture was homogenized by stirring for 1 minute

after which 1 M KsPOxs (aq.) (1 mL) was added and the mixture was stirred for 1 h. Performing a workup

and purification as stated above, afforded a mixture of starting material and product (257 mg) which
was used as such in subsequent reaction. LCMS (Fleet, 10 = 90%): t. = 8.66 min, m/z: 540.3.

2-(3-Chloro-2,6-difluorophenyl)-5-methoxy-N-(3-(5-(morpholinomethyl)-1H-benzo[d]imidazol-2-
yI)-1-((2-(trimethylsilyl)ethoxy)methyl)-1H-pyrazol-4-yl)pyrimidin-4-amine (137)

| 136 (257 mg, crude) was suspended in MeOH:H20 (1:1) (2 mL)
FON o) [ j after which LiOH-H20 (232 mg, 5.53 mmol) was added. DCM (1
cl /I mL) was added to dissolve some insoluble parts of the mixture
\éf\ after which the reaction was heated to 65°C and stirred for 16 h.
/ ]ij) The mixture was poured into H20 (30 mL) and DCM (30 mL), and
N the pH of the water layer was adjusted by addition of 2 M HCI
(ag.) to pH ~ 2. The organic layer was separated and the water
layer extracted with DCM (30 mL). The combined organic layers were dried over NazSOq, filtered and
concentrated. To the obtained intermediate was added 4-(morpholinomethyl)benzene-1,2-diamine (143
mg, 690 pmol), EDC-HCI (109 mg, 569 umol), HOBt (77.3 mg, 572 pmol) and DMF (1 mL) after which the
reaction was stirred for 16 h. The mixture was concentrated, AcOH (1.5 mL) was added and the reaction
was stirred at 118°C for 1 h. The mixture was cooled down to RT and the pH was adjusted by addition
of 10 M NaOH (aqg.) (until 9 > pH > 7). The mixture was poured into H.O (40 mL) and brine (1 mL) and
the product extracted with DCM (2x40 mL). The combined organic layers were concentrated as such. The
crude was purified by HPLC (Waters, 39 —42% MeCN in 0.2% TFA (aq.)), the pH of the combined fractions
was adjusted to pH ~8 using 10 M NaOH after which the mixture was concentrated. The product was
dissolved in a mixture of H20 (20 mL) and DCM (15 mL). The organic layer was separated and the water
layer extracted with DCM (15 mL). The combined organic layers were dried over NazSOq, filtered and
concentrated to afford the product (32.5 mg, 49.8 umol, 9% over 2 steps). '"H NMR (400 MHz, CDCls) &
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10.54 - 10.47 (2x s, 1H), 10.32 = 10.21 (2x s, TH), 8.56 — 8.53 (2x s, TH), 8.09 — 8.06 (2x s, 1H), 7.75 - 7.72
(m, TH), 7.45-7.35 (m, 2H), 7.29 — 7.25 (m, TH), 7.01 — 6.94 (m, 1H), 5.44 — 5.41 (2x s, 2H), 4.18 - 4.13 (2x
s, 3H), 3.77 - 3.70 (m, 4H), 3.67 — 3.62 (2x s, 2H), 3.61 = 3.55 (m, 2H), 2.56 — 2.45 (m, 4H), 0.94 - 0.88 (m,
2H), -0.06 — -0.07 (2x s, 9H). *C NMR (101 MHz, CDCls) & 160.65, 160.60, 158.15, 158.10, 157.71, 157.65,
155.19, 155.13, 150.37, 150.35, 149.94, 147.24, 147.07, 143.66, 14291, 140.14, 133.51, 132.91, 132.84,
132.81, 132.11, 132.06, 132.01, 130.29, 130.20, 125.24, 124.10, 123.44, 121.56, 121.53, 120.12, 119.52,
119.34, 119.15, 119.05, 117.35, 117.17, 112.65, 112.61, 112.41, 112.37,111.38, 110.55, 81.11, 81.10, 67.15,
67.13, 67.05, 67.03, 63.96, 63.87, 56.51, 56.44, 53.78, 17.81, -1.39. LCMS (Fleet, 10 —» 90%): t. = 6.10 min,
m/z: 683.3.

2-(2,6-Difluoro-3-((trimethylsilyl)ethynyl) phenyl)-5-methoxy-N-(3-(5-(morpholinomethyl)-1H-
benzol[d]imidazol-2-yl)-1-((2-(trimethylsilyl)ethoxy)methyl)-1H-pyrazol-4-yl)pyrimidin-4-amine (138)
| The title compound was synthesized from 137 (22 mg, 32

™S FoN O [ j pmol) according to general procedure H. The crude was
/ji purified by automated column chromatography (0 — 10%

A

\©fL MeOH/EtOAc) to afford the product (24 mg, 32 pmol,
]ij) quant) "H NMR (400 MHz, CDCl3) & 10.52 — 10.43 (2x s,
), 10.25 - 10.15 (2x s, 1H), 8.56 — 8.53 (2x s, 1H), 8.08 —
805 (2x's, J = 49 Hz, 1H), 7.76 - 7.71 (m, 1H), 7.51 — 7.45
(m, 1H), 7.43 - 7.36 (m, T1H), 7.30 = 7.25 (m, 1H), 6.99 — 6.91 (2x d, J = 8.8 Hz, TH), 5.45 — 5.42 (2x s, 2H),
418 —4.13 (2x s, 3H), 3.76 — 3.70 (m, 4H), 3.67 — 3.62 (2x s, 2H), 3.61 — 3.55 (m, 2H), 2.54 — 2.46 (m, 4H),
0.94 — 0.87 (m, 2H), 0.25 (s, 9H), -0.06 — -0.07 (2x s, 9H). *C NMR (101 MHz, CDCls) & 162.89, 162.82,
162.01, 161.95, 160.34, 160.27, 159.48, 159.42, 150.36, 150.33, 150.16, 150.15, 147.27, 147.09, 143.67,
142.92, 140.06, 133.85, 133.74, 133.53, 132.91, 132.87, 132.85, 132.13, 132.06, 132.04, 132.00, 125.24,
124.11, 123.48, 121.65, 121.63, 120.13, 119.06, 118.55, 118.37, 118.20, 112.07, 112.03, 111.84, 111.81,
111.38, 110.56, 108.91, 108.87, 108.74, 108.70, 100.09, 100.05, 97.26, 97.25, 81.09, 81.07, 67.17, 67.15,
67.01, 66.99, 63.98, 63.89, 56.50, 56.43, 53.79, 17.80, -0.02, -1.35. LCMS (Fleet, 10 -» 90%): t, = 7.11 min,

m/z: 745.3.
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Chapter 5

Introduction

Target engagement (also termed target occupancy) is a concept in drug discovery that
describes the physical interaction of a small molecule with its intended protein target in a
specific biological system (e.g. in living cells, animals or humans).! Insufficient target
engagement leads to a lack of drug efficacy in preclinical and clinical studies.” Therefore,
investigating which compound concentration is required to obtain complete target
occupancy is important.! Several methods have recently been developed to study target
engagement?, such as thermal protein shift?, bioluminescence resonance energy transfer
(BRET)* and activity-based protein profiling (ABPP) assays.

ABPP relies on a chemical probe that forms a covalent bond with a protein of interest. Such
probes consist of a recognition element, ligation tag and an electrophilic moiety, termed ‘the
warhead'® The recognition element provides affinity for the target (or family of targets),
whereas the electrophilic moiety reacts with a nucleophilic amino acid in close proximity. The
ligation handle, such as an alkyne or an azide, enables the introduction of a fluorescent or
biotin reporter group using copper-catalyzed azide-alkyne cycloaddition (CuAAC, ‘click’-
reaction).”® This allows for visualization or identification of proteins using gel-based or mass
spectrometry-based proteomics methods, respectively. Broad-spectrum probes are used to
investigate cellular selectivity of small molecule inhibitors across an entire protein family. For
example, Zhao et al® published X044 as a cell permeable broad-spectrum kinase probe,
which provided the cellular selectivity profile of the approved kinase drug dasatinib on 133
kinases in a cell line using competitive chemical proteomics.> Alternatively, tailor-made
probes can be used to determine the target engagement of a single target in a competitive,
gel-based ABPP assay. Van der Wel et al determined, for instance, cellular target
engagement of FES kinase using a highly selective probe in a chemical genetic study.™

Chapters 2 — 4 described the discovery of substituted quinazolines and benzimidazoles as
novel and potent inhibitors of budding uninhibited by benzimidazole 1 (BUB1) kinase for the
treatment of cancer. To further evaluate these compounds in living cells, a BUB1 target
engagement assay is highly desirable to correlate their target occupancy with cellular effects.
To this end, a tailor-made probe targeting BUB1 is required. Recently, Shindo et al."" reported
NS-062 as part of a series of close analogs of afatinib (Figure 1A), which is a covalent inhibitor
of the epidermal growth factor receptor (EGFR) approved for the treatment of non-small cell
lung cancer.’ Of interest, the alkynylated-derivative of NS-062, compound 1 (Figure 1A), was
found to bind BUB1'? and resembles the quinazoline inhibitors described in Chapter 3. In
this chapter, it was investigated whether compounds from this chemical series are suitable
as chemical probes for a BUB1 engagement assay.
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Figure 1| (A) Chemical structures of probe 1, NS-062 (both published by Shindo et al.’?) and afatinib. (B) General structure
of probe 1 and regions Ry and R; of the quinazoline scaffold used to investigate the structure-activity relationship of 1.

Results & Discussion

Design and synthesis of compounds 1-17

To study the potential of NS-062 analogues as BUB1 probes, compounds 1 - 17 were
synthesized. Of note, a subset of these molecules (1, 3, 4, 8, 10 and 12) was previously
reported.’> Based on the biochemical activities of the quinazoline inhibitors reported in
Chapter 3, the chloro-fluorophenyl of 1 at R; (Figure 1B) was substituted for a
phenylacetylene in analogues 2, 5, 7, 9, 11 and 13 — 17. The chloro-fluoroacetamide moiety
was replaced by other warheads employed in approved kinase inhibitors, such as
2-butynamide’ (in 5, 6 and 14), 4-dimethylaminocrotonamide™ (in 7, 8 and 15) and an
acrylamide™ (in 9, 10 and 16). The chirality of the amino acid linker at R, (Figure 1B) was also
investigated by substituting the D-proline for its L-enantiomer in compound 3.'2 For
analogues (13 — 17) glycine was used as a more flexible linker instead of a proline. Finally, to
obtain negative control compounds, the warhead was replaced by an acetyl group in
inhibitors 11, 12 and 17."2

Compounds 1 — 17 were synthesized as depicted in Scheme 5.1. Briefly, commercially
available 7-fluoro-6-nitroquinazolin-4(3H)-one was chlorinated to obtain 18.7® A nucleophilic
aromatic substitution with either 3-chloro-4-fluoroaniline or 3-ethynylaniline resulted in the
formation of 19 and 20, respectively.'® Subsequent nucleophilic aromatic substitution was
performed with propargyl alcohol to introduce the alkyne ligation handle.” Reduction of the
nitro group yielded amines 23 and 24,"” which served as building blocks for the synthesis of
25 —28. The linkers were introduced by performing peptide coupling reactions using N-Boc-
protected amino acids and pivaloyl chloride.’® Boc deprotection yielded intermediates
29 - 32 and using acyl chlorides of the warhead or applying a peptide coupling method as
mentioned above afforded the desired compounds.
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Scheme 5.1 | Synthesis of 1-17. Reagents and conditions: i) SOCl,, cat. DMF, 75°C, 99%. ii) 3-chloro-4-fluoroaniline (for
19) or 3-ethynylaniline (for 20), DIPEA, 2-propanol, 37 — 81%. iii) propargyl alcohol, KOtBu, THF, 0°C — RT, 91% — quant.
iv) Fe, NH,Cl, EtOH/H,0 (30:1), 80°C, 66% — quant. v) Boc-D-Pro-OH (for 25 and 26), Boc-L-Pro-OH (for 27) or Boc-Gly-OH
(for 28), PivCl, DIPEA, cat. DMF, DCM, 0°C — RT, 74 — 97%. vi) TFA, DCM, 56% — quant. vii) 2-chloro-2-fluoroacetic acid (for
1 -3 and 13), 2-butynoic acid (for 5, 6 and 14) or (E)-4-(dimethylamino)but-2-enoic acid-HCl (for 7, 8 and 15), PivCl,
DIPEA, cat. DMF, DCM, 0°C — RT, 5 — 73%. viii) 2-chloroacetyl chloride (for 4), acryloyl chloride (for 9, 10 or 16) or acetyl
chloride (for 11, 12 and 17), DIPEA, DCM, 0°C = RT, 13 = 72%.
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Biochemical evaluation of compound 1-17

Compounds 1 - 17 were evaluated in a biochemical fluorescence polarization BUB1 activity
assay to determine the half maximal inhibitory concentrations (ICso) as described in
Chapter 2. The data reported in Table 5.1 are expressed as plCsp £+ SEM (N=2, n=2). The
activity of the compounds with an electrophilic warhead (1 — 10, 13 — 16) were compared to
corresponding control compounds (11, 12, 17). Compound 4 was the most active inhibitor
with a plCsp of 8.95. It was over 4000-fold more potent than negative control compound 12,
which suggested that it forms a covalent bond with BUB1. Compound 4 contained a
chloroacetamide, which was the most reactive electrophilic warhead in this series of
inhibitors. In line, compounds with other, less reactive warheads, such as a chloro-
fluoroacetamide (1), 2-butynamide (5, 6), dimethylaminocrotonamide (7, 8) or acrylamide
(9,10) were significantly less potent. Furthermore, phenylacetylene 2 showed a 5-fold
reduction in potency compared to chloro-fluorophenyl 1, which indicated that the SAR of
this series was different from the quinazolines reported in Chapter 3. Inverting the
stereochemistry of the linker from D-proline (1) to L-proline (3) dramatically reduced potency,
revealing the importance of this stereocenter for BUB1 activity. D-proline was the most
optimal linker, since the glycine-containing compounds (13 — 16) did not show any increased
activity compared to their negative control (17).

Evaluation of compounds 1-17 in living cells

To assess the ability of compounds 1 — 17 to covalently label BUB1, a U20S cell line stably
overexpressing N-terminal GFP-FLAG-tagged BUB1 (U20S-BUB167P-FLAG cells) was generated.
Briefly, U20S-BUB1CFP-FLAG cells were incubated with probes 1 —17 at 0.1 or 1 uM for 60 min
after which the cells were harvested and lysed. Probe labeled proteins were ligated to a Cy5-
fluorophore using click chemistry. The proteins were resolved by sodium dodecyl sulfate
polyacrylamide gel electrophoresis (SDS-PAGE) and visualized by in-gel fluorescence
scanning (Figure 5.2). A fluorescent band at an apparent molecular weight of 175 kDa that
corresponded to the BUB16FP-FLAG protein was detected for probes 1, 2 and 4, but not for 3
and 5 — 17. Compounds 1 and 2 showed a similar overall labeling profile, however, the
fluorescent intensity for the band at the apparent molecular weight of 175 kDa was less
intense for probe 2. This is in agreement with its reduced potency in the biochemical assay.
Compound 4 was tested at 100 nM in view of its high potency. Indeed, the fluorescence
intensity of the band at 175 kDa was the highest among all compounds, but significant
labeling of other proteins was also observed. Of note, probe 5, and to lesser extent
compound 6, showed strong fluorescent labeling of a protein with a lower apparent
molecular weight in both U20S-BUB1CFP-FLAG (Figure 5.2) and non-transfected U20S cells
(Supplementary Figure 5.1, p.178). Taken all data together, compound 1 was selected for
further evaluation as a chemical probe to study BUB1 target engagement.
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Table 5.1 | Half maximal inhibitory concentrations (expressed as plCso + SEM) of 1 — 17 determined by a fluorescence
polarization assay on BUBT kinase activity (N=2, n=2).
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Figure 5.2 | Labeling by probes 110 and 13 — 16 and acetamide (11, 12, 17) controls. U20S-BUB1°"P-FAC cells were
incubated with probe (indicated concentration, 1 h, 37°C) after which the cells were lysed. Proteins labeled by probe were
visualized by conjugation to a Cy5 fluorophore using click chemistry, SDS-PAGE and in-gel fluorescence scanning.
Coomassie staining served as protein loading control.

Development of a cellular BUBT engagement assay with probe 1.

To validate compound 1 as a BUB1 sensitive chemical probe, it was investigated which amino
acid of BUB1 is responsible for the formation of a covalent bond with 1. NS-062 covalently
binds to Cys797 of EGFR (Figure 5.3A)."2 Based on a structural overlay of BUB1'® and EFGR,
it was hypothesized that Cys1080 of BUB1 could also react with the warhead of NS-062 and
probe 1 (Figure 5.3A). Therefore, a C1080A point mutant was generated by site-directed
mutagenesis of human BUB1 fused to an N-terminal FLAG-tag. U20S cells were transiently
transfected with wild-type (BUB1WT) or mutant BUB1 (BUB1¢'98%4) and incubated with 1.
Whereas BUBWT was labeled by probe 1, BUB1¢%8% was not (Figure 5.3B). Of note, expression
of both BUB1 constructs was comparable as determined by immunoblotting against the
FLAG-tag (Figure 5.3B). This confirmed that probe 1 specifically reacted with Cys1080. BUB1
labeling was concentration- and time-dependent (Figure 5.3C-F) and was optimal at 1 yM
and 60 min. Finally, to study whether this probe could be used to study BUB1 target
engagement, U20S-BUB16™P-FLAG cells were pre-incubated with BAY18160322° at different
concentrations. BAY1816032 was able to dose-dependently reduce the fluorescent labeling
(Figure 5.3G) with an apparent target occupancy (expressed as pTEsp) of 6.45+0.10 (Figure
5.3H). Of note, the obtained pTEsy value is dependent on the kinetic conditions of the
experiment since probe labeling occurs in a irreversible fashion, whereas BAY1816032 binds
reversibly. Taken together, these results provide proof-of-principle that chemical probe 1 can
be used to study BUB1 target engagement in living cells.
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Figure 5.3 | Validation of 1 as BUB1 probe. (A) Crystal structure of NS-062 covalently bound to Cys797 of EGFR (PDB
code: 5Y25, green) aligned with the crystal structure of BUB1 (PDB code: 4QPM, blue). The proposed nucleophilic amino
acid of BUB1, Cys1080, is represented as sticks and its distance to Cys797 of EGFR is indicated (in angstrom, dashed line).
(B) Labeling of BUBT"T but not BUB1°1%%%4 in U20S cells by 1. U20S cells were transfected with BUBT"T, BUB1<'%% or mock
control. 48 h post-transfection cells were treated with 1 (1 uM, 1h, 37°C) after which the cells were lysed. Proteins labeled
by 1 were visualized by conjugation to a Cy5 fluorophore using click chemistry, SDS-PAGE and in-gel fluorescence
scanning. The top part of the gel was used for verification of protein expression by immunoblot (IB) against the N-terminal
FLAG-tag, the bottom part of the gel was stained by Coomassie and served as loading control. (C) Representative
visualization of dose-dependent labeling of GFP-FLAG-tagged BUBT in U20S-BUB1SPP-FAC cells by 1. U20S-BUB1CGFP-FLAG
cells were incubated with vehicle (-) or 1 (indicated concentration, 1 h, 37°C) and labeling was visualized as described in
(B). (D) Dose-response curve of 1 corresponding to experiments as performed in (C), normalized between vehicle control
(-) and highest concentration of 1 (10 uM) and corrected for protein loading. Data represents mean = SEM (N=3).
(E) Representative visualization of time-dependent labeling of GFP-FLAG-tagged BUBT in U20S-BUB15F-FtAG cells by 1.
U20S-BUBTSPP-FLAG cells were incubated with 1 (1 uM, indicated time, 37°C) and proteins labeled by 1 were visualized as
described in (B). (F) Time-response curve of 1 corresponding to experiments as performed in (E), normalized between
vehicle control (-) and longest incubation time with 1 (120 min) and corrected for protein loading. Data represents mean
+ SEM (N=3). (G) Representative visualization of GFP-FLAG-tagged BUBT target engagement in U20S-BUB1SFP-FAG cells
by BAY1816032. U20S-BUB16P-LAC cells were pre-incubated with BAY1816032 (indicated concentration, 1h, 37°C) followed
by incubation with 1 (1 uM, 1 h, 37°C). Proteins labeled by 1 were visualized as described in (B). (H) Target engagement
curve of BAY1816032 corresponding to experiments as performed in (G) (pTEso = 6.45 + 0.10). Data represents mean +
SEM (N=3).
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Conclusion

Cellular target engagement studies are required to determine which compound
concentration is sufficient to fully inhibit BUB1 activity in a living cell. Here, a series of
quinazoline derivatives were designed, synthesized and tested as chemical probes of BUB1
suitable for gel-based ABPP studies. Compound 1, which reacted with Cys1080 of BUB1, was
validated as a chemical probe suitable for BUB1 engagement studies in U20S cells. Probe 1
allows to correlate target engagement of BUB1 inhibitors with their phenotypic effects in
cancer cells (Chapter 6). This will expand the understanding of the biological mode of action
of BUBT inhibitors and may help to further investigate BUB1 inhibitors as a potential
treatment of cancer.
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Experimental — Biochemistry

Biochemical evaluation of BUB1 inhibitors

Assays were performed in 384-well plates (Greiner, black, flat bottom, 781076) by sequential addition
(final concentrations are indicated) of inhibitor (5 pL, 0.003 nM - 10 nM or 3 nM - 10 uM), BUB1/BUB3
(5 uL, 3.26 nM, Carna Biosciences (05-187), lot: 15CBS-0644 D), ATP (5 uL, 15 uM) and BUB1/BUB3
substrate (5 pL, 75 nM, Carna Biosciences (05-187MSSU)), all as 4x working solutions. The final
concentration of DMSO was 1%. Assay reactions were stopped by addition of IMAP progressive binding
reagent (20 pL, 1200x diluted (see below), Molecular Devices (R8155), lot: 3117896). Each assay included
the following controls: (i) a background control (treated with vehicle instead of inhibitor and BUB1/BUB3
substrate), (ii) MIN controls (treated with 5 uM BAY1816032 (MedChem Express) as inhibitor, defined as
0% BUB1 activity) and (iii) MAX controls (treated with vehicle instead of inhibitor, defined as 100% BUB1
activity). All inhibitors were tested in two separate assays and all inhibitor concentrations were tested in
duplicate per assay (N=2, n=2).

For each assay, assay buffer (AB) was freshly prepared and consisted of 20 mM HEPES (prepared by
diluting 1 M HEPES, pH 7.2), 5 mM MgClz, 0.01% (v/v) Tween-20 and 1 mM DTT. Stocks of inhibitors (in
DMSO) were diluted in AB to obtain 4x working solutions (4% DMSO) and 5 pL was added to the assay
plate. BUB1/BUB3 (3.26 uM (486 pg/mL) in storage buffer) was diluted in AB to obtain 13.0 nM of which
5 pL was added to all wells of the assay plate. The assay plate was centrifuged (1 min, 200 g) and
incubated at RT for 30 min. ATP (4 mM in MilliQ) was diluted in AB to obtain 60 uM of which 5 uL was
added to each well. BUB1/BUB3 substrate (1 mM) was diluted in 20 mM HEPES (prepared by diluting 1
M HEPES (pH 7.2) in MilliQ) to obtain 80 uM (this solution was freshly prepared every assay) and further
diluted in AB to obtain 300 nM after which 5 pL was added to each well of the assay plate except for
background control wells. The assay plate was centrifuged (1 min, 200 g) and incubated at RT in the dark
for 180 min. IMAP progressive binding buffer A (5x) and IMAP progressive binding buffer B (5x) were
mixed in a ratio to obtain 30% buffer A and 70% buffer B, which was subsequently diluted 5x in MilliQ.
IMAP progressive binding reagent was diluted 600x in aforementioned mixture of buffer A and B (to
obtain a 2x working solution) of which 20 pL was added to each well of the assay plate. The assay plate
was centrifuged (1 min, 200 g) and incubated at RT in the dark for 90 min. Fluorescence polarization was
measured on a CLARIOstar plate reader using the following settings: (i) optic settings — excitation = F:
482-16, dichroic = F: LP 504, emission = F: 530-40, (ii) optic = top optic, (iii) speed/precision = maximum
precision, (iv) focus adjustment was performed for every assay and (v) gain adjustment was done by
setting the target mP value to 35 mP for one of the MIN control wells. Data was normalized between
MIN and MAX controls and data was plotted using GraphPad Prism 8.0 using “Nonlinear regression
(curve fit)" and “log(inhibitor) vs. normalized response — Variable slope” to determine plCso values.

General biology

DNA oligos were purchased at Integrated DNA Technologies and sequences can be found in
Supplementary Table 5.1 below. Cloning reagents were from Thermo Fisher. All cell culture disposables
were from Sarstedt.

Cloning

The pDONR223-construct with full-length human cDNA of BUB1 was a gift from William Hahn & David
Root (Addgene Human Kinase ORF Collection). Eukaryotic expression constructs of BUB1 were generated
by PCR amplification and restriction/ligation cloning into a pcDNA3.1 vector, in frame with an N-terminal
FLAG-tag or N-terminal GFP-FLAG-tag. Point mutations were introduced by site-directed mutagenesis.
All plasmids were isolated from transformed XL10-Gold competent cells (prepared using E. coli
transformation buffer set; Zymo Research) using plasmid isolation kits following the supplier’s protocol
(Qiagen). All sequences were verified by Sanger sequencing (Macrogen).
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Supplementary Table 5.1 | List of oligonucleotide sequences.

ID Name Sequence

P1 FLAG-BUB1_forw TGGTACCGCCGCCACCATGGACTACAAGGATGACGATGACAAGATGGACACCCCGGAAAA
P2 BUB1_stop_rev TAGATCACTCGAGACCTCATTTTCGTGAACGCTTACATT

P3 BUB1_C1080A_stop_rev TAGATCACTCGAGACCTCATTTTCGTGAACGCTTCGCTTCTAAGAGCAGTACAA

P4 Xhol-BUB1_forw GCCCTCGAGATGGACACCCCGGAAAATGT

Cell culture

U20S (human osteosarcoma) cells were purchased at ATCC and were tested on regular basis for
mycoplasma contamination. Cultures were discarded after 2-3 months of use. Cells were cultured at
37°C under 7% CO2 in DMEM (Sigma Aldrich, D6546) supplemented with GlutaMAX (2 mM, Thermo
Fisher), 10% (v/v) heat-inactivated newborn calf serum (Seradigm), penicillin and streptomycin (200
pg/mL each, Duchefa) (complete medium). Growth medium was supplemented with G418 (600 pug/mL)
(selection medium) for stable BUB1-overexpressing (U20S-BUB1%7P-F1A%) cells. Medium was refreshed
every 2-3 days and cells were passaged by trypsinization twice a week at 80-90% confluence. Cell
viability was assessed by Trypan Blue exclusion and cell quantification using a TC20™ Automated Cell
Counter (Bio-Rad).

Generation of stable BUB1-overexpressing U20S (U20S-BUB157P-FLA6) cells

One day prior to transfection, U20S cells were transferred from confluent 10 cm dishes to 6-well plates
(1:40 dilution). Before transfection, medium was refreshed (1 mL). A 3:1 (m/m) mixture of
polyethyleneimine (PEl; 6 pg/well) and plasmid DNA (2 pg/well) was prepared in serum-free medium
(200 pL) and incubated for 15 min at RT, after which the mixture was added dropwise to the cells. After
48 h, cells were passaged and grown in selection medium containing G418 (600 pug/mL) until the majority
of cells was GFP-positive as determined by fluorescence microscopy. Cells were then single-cell diluted
in 96-well plates and expanded to generate monoclonal cell lines stably overexpressing GFP-FLAG-BUB1.
Expression was verified by immunoblot analysis using anti-FLAG antibody.

Overexpression of BUBT"T and BUB1<'%% and subsequent probe labeling

U20S cells were seeded into 6-well plates (400,000 cells/well for transfections, 250,000 cells/well for
non-transfected U20S control) and incubated overnight to allow for cell adherence. Cell medium was
aspirated and refreshed with complete medium (2 mL). A 3:1 (m/m) mixture of polyethyleneimine (PEI;
6 pg/well) and plasmid DNA (2 pg/well) was prepared in serum-free medium (200 pL) and incubated for
15 min at RT, after which the mixture was added dropwise to the cells. After 48 h, cells were treated with
probe as described in “Probe labeling in living cells” (final probe concentration: 1 pM, incubation time:
1 h, lysis buffer: 60 pL for transfections, 120 pL for non-transfected cells, lysate concentration was
adjusted to 1.15 mg/mL, 10 pg/lane for SDS-PAGE). After scanning fluorescence, the top part of the gel
was immunoblotted as described in “Immunoblot”, the bottom part of the gel was used for protein
loading control as determined by Coomassie Brilliant Blue R-250 staining.

Probe labeling in living cells

U20S-BUB1SFP-FLAG or U20S cells from 10 cm dishes with low cell density (<50% confluence) were seeded
into 6-well plates (500,000 cells/well) and incubated overnight to allow for cell adherence. Probe or
competitor (stock solutions in DMSO) were diluted 100x in complete medium to obtain 10x working
solutions (1% DMSO). For dose-response experiments, compounds were further diluted in complete
medium containing 1% DMSO. Cell medium was aspirated and complete medium (900 pL for probe
labeling only, 800 uL for competition experiments) was added. Either competitor (100 uL, 10x working
solution) or probe (100 uL, 10x working solution) was added and cells were incubated at 37°C for 1 h (or
for indicated time in case of time-response experiments). For competition experiments, probe (100 L,
10x working solution) was subsequently added and cells were incubated at 37°C for 1 h. Medium was
aspirated and cells were washed with PBS (1 mL). Cells were harvested by trypsinization and centrifuged
(500 g, 3 min). Pellets were washed with PBS (1 mL), centrifuged (500 g, 3 min) and supernatant was
removed. Pellets were snap-frozen in liquid nitrogen and subsequently thawed on ice (cell pellet can
optionally be stored at —80°C). Cells were lysed by suspending the pellet in 60 yL M-PER™ Mammalian
Protein Extraction Reagent (Thermo Fisher), supplemented with 1x Halt™ protease inhibitor cocktail
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(EDTA-free) (Thermo Fisher) and 1x Halt™ phosphatase inhibitor cocktail (Thermo Fisher), after which
the samples were incubated on ice for 15 min. Samples were vortexed at medium speed and centrifuged
(14,000 g, 10 min, 4°C). The supernatant was collected and protein concentration determined by a Quick
Start™ Bradford Protein Assay (Bio-Rad). Lysates were diluted to 1.15 mg/mL in M-PER™ Mammalian
Protein Extraction Reagent (lysates can optionally be snap-frozen and stored at -80°C). "Click-mix" was
prepared freshly by mixing CuSO4 (42 pL of 15 mM in H20) and sodium ascorbate (21 pL of 150 mM in
H20) until yellow, followed by the addition of THPTA (7 pL of 15 mM in H20) and Cy5-Ns (7 uL of 82.5
MM in DMSO). To 26 pL lysate was added 4 L click-mix and samples were incubated at 37°C for 30 min.
Samples were denatured by the addition of 4x Laemmli buffer (10 pL of 240 mM Tris-HCl pH 6.8, 8% w/v
SDS, 40% v/v glycerol, 5% v/v B-mercaptoethanol, 0.04% v/v/ bromophenol blue) and incubated at 95°C
for 3 min. Samples were resolved by sodium dodecyl sulfate polyacrylamide gel electrophoresis (SDS-
PAGE) on a 7.5% polyacrylamide gel (180 V, 70 min, 10 or 20 pL/lane). Gels were scanned using Cy2, Cy3
and Cy5 multichannel settings (532/28, 602/50 and 700/50 filters, respectively) on a ChemiDoc™ MP
imager (Bio-Rad). Fluorescence intensity was quantified using Image Lab 6.0.1 (Bio-Rad) and corrected
for protein loading as determined by Coomassie Brilliant Blue R-250 staining. Data was plotted using
GraphPad Prism 8.0.

Immunoblot

Samples were resolved by SDS-PAGE as described above and transferred to 0.2 pm polyvinylidene
difluoride membranes by a Trans-Blot Turbo™ Transfer system (Bio-Rad) directly after fluorescence
scanning. Membranes were washed with TBS (50 mM Tris pH 7.5, 150 mM NaCl) and blocked with 5%
milk in TBS-T (50 mM Tris pH 7.5, 150 mM NaCl, 0.05% Tween-20) for 1 h at RT. Membranes were then
incubated with primary antibody (monoclonal mouse anti-FLAG M2 (1:5000, Sigma Aldrich, F3156)) in
5% milk in TBS-T (overnight at 4 °C). Membranes were washed three times with TBS-T, incubated with
secondary antibody (goat anti-mouse-HRP (1:5000, Santa Cruz, sc-2005)) in 5% milk in TBS-T (1 h at RT)
and then washed three times with TBS-T and twice with TBS. Luminol development solution (10 mL of
1.4 mM luminol in 100 mM Tris pH 8.8 + 100 pL of 6.7 mM p-coumaric acid in DMSO + 3 pL of 30% (v/v)
H20.) was added after which chemiluminescence and Cy3 were detected on a ChemiDoc™ MP imager.
For BUB1WT and BUB1<1%%* transfections, development was performed using Clarity Max Western ECL
Substrate (Bio-Rad).

Supplementary figures
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Supplementary Figure 5.1 | Competition with BAY1816032 abolishes labeling of GFP-FLAG-tagged BUB1 by 1 (*), but not
the labeling of a protein with a lower apparent molecular weight by 5 (#). U20S-BUB1S"-AG or U20S cells were
pre-incubated with vehicle (-) or BAY1816032 (10 uM, 1 h, 37°C) followed by incubation with vehicle (-) or indicated probe
(1 uM, 1 h, 37°C). Proteins labeled by probe were visualized by conjugation to a Cy5 fluorophore using click chemistry,
SDS-PAGE and in-gel fluorescence scanning. Coomassie staining served as protein loading control.
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Experimental - Chemistry

General synthesis

All reagents and solvents were purchased from chemical suppliers (Fluorochem, Sigma-Aldrich, Merck,
Fisher Scientific, Honeywelel, VWR, Biosolve) and used without further purification. All reactions were
performed at room temperature (RT) under a nitrogen atmosphere, unless stated otherwise. Reactions
were monitored by thin layer chromatography (TLC, silica gel 60, UV2ss, Macherey-Nagel, ref: 818333)
and compounds were visualized by UV absorption (254 nm and/or 366 nm) or spray reagent
(permanganate (5 g/L KMnOs, 25 g/L KoCOs)) followed by heating. Alternatively, reactions were
monitored by liquid chromatography-mass spectrometry (LCMS), either on a Thermo Finnigan (Thermo
Finnigan LCQ Advantage MAX ion-trap mass spectrometer (ESI+) coupled to a Surveyor HPLC system
(Thermo Finnigan) equipped with a Nucleodur C18 Gravity column (50x4.6 mm, 3 pm particle size,
Macherey-Nagel)) or a Thermo Fleet (Thermo LCQ Fleet ion-trap mass spectrometer (ESI+) coupled to a
Vanquish UHPLC system). LCMS eluent consisted of MeCN in 0.1% TFA (aqg.) and LCMS methods were
as follows: 0.5 min cleaning with starting gradient, 8 min using specified gradient (linear), 2 min cleaning
with 90% MeCN in 0.1% TFA (aq.). LCMS data is reported as follows: instrument (Finnigan or Fleet),
gradient (% MeCN in 0.1% TFA (aq.)), retention time (t) and mass (as m/z: [M+H]*). Purity of final
compounds was determined to be > 95% by integrating UV intensity of spectra generated by either of
the LCMS instruments. 'H and '*C NMR spectra were recorded on a Bruker AV400 (400 and 101 MHz,
respectively) or Bruker AV500 (500 and 126 MHz, respectively) NMR spectrometer. NMR samples were
prepared in deuterated DMSO. Chemical shifts are given in ppm (8) relative to residual protonated
solvent signals (DMSO — & 2.500 ('H), 6 39.520 (*C)). Data was processed by using MestReNova (v. 14)
and is reported as follows: chemical shift (§), multiplicity, coupling constant (J in Hz) and integration.
Multiplicities are abbreviated as follows: s = singlet, br s = broad singlet, d = doublet, dd = doublet of
doublets, ddd = doublet of doublet of doublets, t = triplet, dt = doublet of triplets, p = pentet, m =
multiplet. For some molecules rotamer peaks were observed, resulting in extra splitting of peaks. For
these compounds, chemical shifts were reported as ranges and multiplicity was denoted by "2x”,
followed by the multiplicities specified above (i.e. 2x d = twice a doublet). The reported coupling constant
corresponds to either of the multiplet peaks (of note, coupling constants were the same for both
multiplet peaks). Purification was done either by manual silica gel column chromatography (using 40-63
um, 60 A silica gel, Macherey-Nagel) or automated flash column chromatography on a Biotage Isolera
machine (using pre-packed cartridges with 40-63 um, 60 A silica gel (4, 12, 25 or 40 g), Screening
Devices). High-performance liquid chromatography (HPLC) purifications were performed on either an
Agilent 1200 preparative HPLC system (equipped with a Gemini C18 column (250x10 mm, 5 ym particle
size, Phenomenex) coupled to a 6130 quadrupole mass spectrometer) or a Waters Acquity UPLC system
(equipped with a Gemini C18 column (150x21 mm, 5 uym particle size, Phenomenex) coupled to a SQ
mass spectrometer). Specified gradients for HPLC purifications (MeCN in 0.2% TFA (aq.)) were linear (5
mL/min for 12 min (Agilent) or 25 mL/min for 10 min (Waters)). High resolution mass spectrometry
(HRMS) spectra were recorded through direct injection of a 1 yM sample either on a Thermo Scientific
Q Exactive Orbitrap equipped with an electrospray ion source in positive mode coupled to an Ultimate
3000 system (source voltage = 3.5 kV, capillary temperature = 275 °C, resolution R = 240,000 at m/z 400,
external lock, mass range m/z = 150-2000) or on a Synapt G2-Si high definition mass spectrometer
(Waters) equipped with an electrospray ion source in positive mode (ESI-TOF) coupled to a NanoEquity
system with Leu-enkephalin (m/z = 556.2771) as internal lock mass. The eluent for HRMS measurements
consisted of a 1:1 (v/v) mixture of MeCN in 0.1% formic acid (ag.) using a flow of 25 mL/min. Compound
names were generated by ChemDraw (v. 19.1.21).

General procedure A - Peptide coupling

Acid derivative (3.3 eq.) was dissolved in DCM (0.15 M based on amine analogue) after which DIPEA (4
eq.) and DMF (0.1 eq.) were added. The mixture was cooled down to 0°C, pivaloyl chloride (3 eq.) was
added and the mixture was stirred at 0°C for 1.5 h. Amine analogue (1 eq.) was added, the mixture was
allowed to warm to RT and stirred for 16 h. The mixture was poured into 1 M NaHCOs (aq.) (50 or 100
mL) and the product extracted with DCM (3x50 or 3x100 mL). The combined organic layers were washed
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with brine (100 mL), dried over Na:SOs, filtered and concentrated. Purification was performed as
indicated.

General procedure B — Peptide coupling

Amine analogue (1 eq.) was dissolved in DCM (0.15 M) and cooled down to 0°C. DIPEA (1 eq.) and acyl
chloride derivative (1 eq.) were added after which the mixture was allowed to warm to RT and stirred for
16 h. The mixture was poured into 1 M NaHCOs (ag.) (20 mL) and the product extracted with DCM (3x20
mL). The combined organic layers were washed with brine (20 mL), dried over Na:SO,, filtered and
concentrated. Purification was performed as indicated.

(2R)-1-(2-Chloro-2-fluoroacetyl)-N-(4-((3-chloro-4-fluorophenyl)amino)-7-(prop-2-yn-1-
yloxy)quinazolin-6-yl)pyrrolidine-2-carboxamide (1)
F The title compound was synthesized from 29 (100 mg, 227 pmol) and
HN@: 2-chloro-2-fluoroacetic acid according to general procedure A. The

(T N ! crude was purified by HPLC (Agilent, 35 — 38% MeCN in 0.2% TFA

. Nﬂ( | SN (ag.)) to afford the product as TFA salt (25.6 mg, 39.4 ymol, 17%). 'H
Y&O o o N/) NMR (500 MHz, DMSO) (as a mixture of two diastereomers) & 10.77
cl / (brs, 1H), 9.90 - 9.82 (2x s, 1TH), 9.05-8.93 (2x s, TH), 8.74 (s, 1H), 8.02
& “TFA ~7.98 (2xdd, J = 6.8, 2.6 Hz, TH), 7.72 - 7.67 (2x ddd, J = 9.0, 4.6, 2.6

Hz, 1H), 7.51 = 7.45 (m, 2H), 7.27 - 7.09 (2x d, J/ = 48.5 Hz, 1H), 5.17 -
511 (2x d, J = 24 Hz, 2H), 4.88 - 4.79 (2x dd, J = 8.6, 3.3 Hz, 1H), 3.84 — 3.73 (m, 2H), 3.58 — 3.49 (m, 1H),
2.31-2.20 (m, 1H), 2.11 - 1.89 (m, 3H) (the spectrum was accompanied by rotamer peaks). *C NMR (126
MHz, DMSO) 6 170.29, 170.11, 161.75 (d, Jic-p = 24.8 Hz), 161.71 (d, Jc-p = 24.5 Hz), 158.61, 158.36,
158.11, 158.06, 157.85, 155.40, 155.34, 154.35, 153.45, 153.40, 152.75 (d, Jic-r) = 244.5 Hz), 152.01, 135.33,
128.51, 128.31, 125.67, 125.51, 124.43 (d, Jic-r) = 7.2 Hz), 124.26 (d, Jic-y = 7.2 Hz), 119.00 (d, Jic-r) = 18.6
Hz), 118.20, 116.85, 116.72 (d, Jc-p = 21.8 Hz), 115.83, 115.55, 108.36, 104.52, 104.30, 92.23 (d, Jic-p =
245.7 Hz), 92.01 (d, Jic-p = 245.9 Hz), 79.95, 79.87, 77.80, 77.77, 60.61, 60.43, 56.99, 46.75, 46.67, 29.38,
29.24, 24.57, 24.26 (the spectrum was accompanied by rotamer peaks). LCMS (Fleet, 10 —» 90%): t. = 5.31
min, m/z: 534.2. HRMS [C34H19Cl3F,N5sO3 + H]™: 534.09058 calculated, 534.09075 found.

(2R)-1-(2-Chloro-2-fluoroacetyl)-N-(4-((3-ethynylphenyl)amino)-7-(prop-2-yn-1-yloxy)quinazolin-6-
yl)pyrrolidine-2-carboxamide (2)

The title compound was synthesized from 30 (65.0 mg, 158 umol)
and 2-chloro-2-fluoroacetic acid according to general procedure A.
HN %

The crude was purified by automated column chromatography (0 -

E Nﬂf ‘ \J\l 20% MeOH/DCM) to afford the product (3.8 mg, 7.5 umol, 5%). 'H
ﬁ/&o o o N NMR (500 MHz, DMSO) (as a mixture of two diastereomers) & 9.84
Cl / (s, TH), 9.73 = 9.64 (2x s, TH), 8.89 — 8.79 (2x s, TH), 8.55 - 8.53 (2x s,

= 1H), 799 -7.96 2xt,J = 1.9 Hz, 1H), 7.87 - 7.83 (m, 1H), 7.41-7.36

(m, 2H), 7.21-=7.19 (m, 1H), 7.25 - 7.08 (2x d, / = 48.5 Hz, 1H), 5.11 = 5.07 (2x d, J = 2.4 Hz, 2H), 4.86 —
475 (2x dd, J = 8.7, 3.2 Hz, 1H), 417 — 417 (2x s, 1H), 3.84 — 3.73 (m, 1H), 3.72 - 3.71 (2x t, J/ = 2.3 Hz,
1H), 3.61 — 3.48 (m, TH), 2.28 — 2.18 (m, 1H), 2.11 — 1.90 (m, 3H) (the spectrum was accompanied by
rotamer peaks). 3C NMR (126 MHz, DMSO) & 170.14, 169.90, 161.79 (d, Jic-p) = 24.3 Hz), 161.73 (d, Jic-n
= 24.5 Hz), 157.06, 154.21, 154.08, 153.57, 152.82, 149.03, 148.69, 139.80, 139.77, 128.82, 127.25, 127.09,
126.53, 125.13, 125.08, 122.98, 122.91, 121.68, 117.07, 115.62, 109.55, 109.48, 108.32, 108.28, 92.17 (d,
Jic-r = 245.8 Hz), 92.09 (d, Jicr) = 245.8 Hz), 83.59, 80.48, 79.38, 79.31, 78.32, 60.64, 60.47, 56.59, 46.72,
46.64, 29.41, 29.23, 24.54, 24.21 (the spectrum was accompanied by rotamer peaks). LCMS (Fleet, 10 —
90%): t, = 5.13 min, m/z: 506.2. HRMS [C2¢H21CIFNsO3 + H]*: 506.13897 calculated, 506.13866 found.
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(25)-1-(2-Chloro-2-fluoroacetyl)-N-(4-((3-chloro-4-fluorophenyl)amino)-7-(prop-2-yn-1-
yloxy)quinazolin-6-yl)pyrrolidine-2-carboxamide (3)
F The title compound was synthesized from 31 (83.0 mg, 189 umol)
and 2-chloro-2-fluoroacetic acid according to general procedure A.

HN ¢l The crude was purified by automated column chromatography (0 —

%H SN 20% MeOH/DCM) to afford the product (42.7 mg, 79.9 pymol, 42%).
Fv/j\\ 5 \ J "H NMR (400 MHz, DMSO) (as a mixture of two diastereomers) & 9.93
cl 0 o N (s, TH), 9.71 (d, J = 29.3 Hz, 1H), 8.83 (d, J = 38.0 Hz, 1H), 8.56 — 8.51
/// (2x's, TH), 8.12 - 8.05 (2x dd, J = 6.9, 2.6 Hz, 1H), 7.80 — 7.74 (m, TH),

7.45-7.38 (m, 2H), 7.28 — 7.06 (2x d, J = 48.5 Hz, 1H), 5.13 — 5.05 (2x
d,J = 2.5Hz 2H), 4.86 —4.75 (2x dd, J = 8.5, 3.1 Hz, 1H), 3.84 — 3.70 (m, 2H), 3.61 — 3.47 (m, 1H), 2.30 —
2.16 (m, TH), 2.11 = 1.92 (m, 3H) (the spectrum was accompanied by rotamer peaks). >C NMR (101 MHz,
DMSO0) & 170.18, 169.96, 161.80 (d, Jic-p = 24.6 Hz), 161.74 (d, Jic-r = 24.6 Hz), 156.98, 154.08, 153.94,
153.57, 153.31 (d, Jic-r) = 242.9 Hz), 152.82, 148.79, 136.74, 127.39, 127.23, 123.90, 123.82, 122.79 (d, Jic-
n = 7.0 Hz), 122.70 (d, Jic» = 6.8 Hz), 118.73 (d, Jic-r = 18.3 Hz), 116.83, 116.48 (d, Jic-») = 21.3 Hz), 115.37,
109.39, 109.32, 108.25, 92.18 (d, Jic-r) = 246.0 Hz), 92.08 (d, Jic-r) = 245.9 Hz), 79.46, 79.39, 78.31, 60.64,
60.47, 56.63, 46.74, 46.66, 29.43, 29.26, 24.56, 24.24 (the spectrum was accompanied by rotamer peaks).
LCMS (Fleet, 10 —» 90%): t, = 5.32 min, m/z: 534.2. HRMS [C24H19Cl;F2N503 + H]*: 534.09058 calculated,
534.09040 found.

(R)-N-(4-((3-Chloro-4-fluorophenyl)amino)-7-(prop-2-yn-1-yloxy)quinazolin-6-yl)-1-(2-
chloroacetyl)pyrrolidine-2-carboxamide (4)
g The title compound was synthesized from 29 (108 mg, 246 ymol) and
2-chloroacetyl chloride (1.5 eq.) according to general procedure B

(\i H HN ¢l (using 1.6 eq. DIPEA). The crude was purified by automated column
N}}(N SV chromatography (0 — 20% MeOH/DCM) to afford the product (36.6
f& 0 | _ mg, 70.9 pmol, 29%). "H NMR (400 MHz, DMSO) & 9.91 (s, 1H), 9.61
d ©° 9 N (s, TH), 8.83 (s, TH), 8.54 (s, TH), 8.10 (dd, J = 6.9, 2.7 Hz, TH), 7.78
= (ddd, J = 9.0, 4.3, 2.6 Hz, 1H), 7.47 - 7.36 (m, 2H), 5.09 (d, J = 2.5 Hz,

2H), 4.87 - 4.72 (2x dd, J = 8.4, 2.6 Hz, TH), 4.44 — 4.07 (m, 2H), 3.72 (t,
J = 2.2 Hz, 1H), 3.71 = 3.64 (m, 1H), 3.62 — 3.55 (m, 1H), 2.23 — 2.11 (m, 1H), 2.09 — 1.87 (m, 3H) (the
spectrum was accompanied by rotamer peaks). *C NMR (101 MHz, DMSO) & 170.62, 164.81, 156.94,
154.01, 153.27 (d, J = 242.9 Hz), 153.19, 148.72, 136.79 (d, Jic-r) = 3.1 Hz), 127.37, 123.76, 122.64 (d, Jic-p
= 6.8 Hz), 118.72 (d, Jic-r = 18.3 Hz), 116.45 (d, Jic-r) = 21.6 Hz), 116.04, 109.39, 108.26, 79.38, 78.31, 60.46,
56.63, 46.75, 42.89, 29.48, 24.40 (the spectrum was accompanied by rotamer peaks). LCMS (Fleet, 10 —
90%): t. = 5.10 min, m/z: 516.1. HRMS [C24H30Cl,FNsO3; + H]*: 516.10000 calculated, 516.10012 found.

(R)-1-(But-2-ynoyl)-N-(4-((3-ethynylphenyl)amino)-7-(prop-2-yn-1-yloxy)quinazolin-6-
yl)pyrrolidine-2-carboxamide (5)

The title compound was synthesized from 30 (80.0 mg, 194
HN/©\ pmol) and but-2-ynoic acid according to general procedure A.

<\? y > The crude was purified by automated column chromatography
Nﬁ( ‘ =N (0 - 12% MeOH/DCM) to afford the product (58.0 mg, 121 umol,
/<o 04 N/) 63%). '"H NMR (400 MHz, DMSO) & 9.86 — 9.83 (2x s, 1H), 9.82 —
9.67 (2x s, TH), 8.89 — 8.83 (2x s, 1H), 8.56 — 8.54 (2x s, 1H), 8.00 —

& 797 2xt,J =19 Hz, 1H), 7.88 - 7.83 (2x ddd, J = 8.3, 2.2, 1.1 Hz,

1H), 7.42 =735 (m, 2H), 7.23 - 7.19 (m, 1H), 5.13 - 5.08 (2x d, J = 2.4 Hz, 2H), 498 - 4.72 (2x dd, J/ = 8.7,
3.4 Hz, 1H), 4.19 - 4.18 (2x s, 1H), 3.76 — 3.67 (m, 2H), 3.49 (dd, / = 7.7, 6.0 Hz, 1H), 2.41 - 2.19 (m, TH),
2.13 - 1.85 (m, 6H) (the spectrum was accompanied by rotamer peaks). >*C NMR (101 MHz, DMSO) &
171.15, 170.30, 157.04, 154.17, 154.08, 153.14, 153.00, 152.11, 152.05, 148.82, 148.74, 139.81, 139.71,
128.82, 127.30, 127.07, 126.63, 126.51, 125.30, 125.09, 123.14, 122.93, 121.68, 116.47, 115.87, 109.54,
109.50, 108.35, 108.26, 88.37, 87.94, 83.61, 83.56, 80.55, 80.50, 79.38, 79.35, 78.35, 78.32, 74.41, 74.31,
61.43, 59.29, 56.59, 56.55, 48.60, 46.08, 31.16, 29.98, 23.77, 22.87, 3.33, 3.31 (the spectrum was
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accompanied by rotamer peaks). LCMS (Fleet, 10 = 90%): t. = 4.92 min, m/z: 478.2. HRMS [C;5H23NsO3
+ H]": 478.18737 calculated, 478.18743 found.

(R)-1-(But-2-ynoyl)-N-(4-((3-chloro-4-fluorophenyl)amino)-7-(prop-2-yn-1-yloxy)quinazolin-6-
yl)pyrrolidine-2-carboxamide (6)
F The title compound was synthesized from 29 (52.0 mg, 118 pmol)
O: and but-2-ynoic acid according to general procedure A. The crude
HN was purified by HPLC (Agilent, 35 — 38% MeCN in 0.2% TFA (aq.))
after which the fractions were concentrated and traces of TFA were

8

/zﬁf | \/)N removed by coevaporation with 1:1 MeCN/H20 (20 mL). The
= Yo "0 N residue was dissolved in DCM (15 mL) and washed with 1 M
= NaHCOs (aq.) (3x5 mL). The organic layer was dried over Na2SOsx,

filtered and concentrated to afford the product (6.0 mg, 12 ymol,
10%). '"H NMR (500 MHz, DMSO) § 9.89 — 9.87 (2x s, 1H), 9.81-9.66 (2x s, TH), 8.85—8.81 (2x s, 1H), 8.54
—8.53 (2xs, 1H), 8.11-8.07 (2x dd, J = 6.9, 2.6 Hz, 1H), 7.80 - 7.75 (2x ddd, J = 9.1, 4.4, 2.6 Hz, 1H), 7.45
—7.37 (m, 2H), 5.13 - 5.07 (2x d, J = 2.4 Hz, 2H), 497 - 4.72 (2x dd, J = 8.7, 3.5 Hz, 1H), 3.74 — 3.68 (m,
2H), 3.48 (dd, J = 7.8, 6.0 Hz, 1H), 2.37 — 2.19 (m, 1H), 2.10 - 1.86 (m, 6H) (the spectrum was accompanied
by rotamer peaks). 3C NMR (126 MHz, DMSO) & 171.13, 170.28, 156.90, 154.04, 153.05, 152.98 (d, Jc-p
= 245.8 Hz), 152.96, 152.05, 148.70, 148.64, 136.77 (d, Jicr) = 3.4 Hz), 127.37, 127.15, 123.99, 123.76,
122.88 (d, Jic-p) = 6.8 Hz), 122.64 (d, Jic-r) = 6.7 Hz), 118.66 (d, Jic-r) = 19.5 Hz), 116.43 (d, Jic-r) = 21.6 Hz),
116.09, 115.58, 109.35, 109.33, 108.37, 108.27, 88.33, 87.87, 79.37, 78.30, 74.28, 61.38, 59.24, 56.58, 48.56,
46.03, 31.12, 29.94, 23.73, 22.82, 3.28. LCMS (Fleet, 10 —» 90%): t, = 5.10 min, m/z: 506.2. HRMS
[C26H21CIFNsO3 + H]*: 506.13897 calculated, 506.13910 found.

(R,E)-1-(4-(Dimethylamino)but-2-enoyl)-N-(4-((3-ethynylphenyl)amino)-7-(prop-2-yn-1-
yloxy)quinazolin-6-yl)pyrrolidine-2-carboxamide (7)

The title compound was synthesized from 30 (80.0 mg, 194
umol) and (E)-4-(dimethylamino)but-2-enoic acid
HN N

hydrochloride according to general procedure A (using 5 eq.

Nﬁ( SN DIPEA). The crude was purified by automated column

¢} | P chromatography (10 — 20% MeOH/DCM) to afford the product

fo ? N (74.0 mg, 142 umol, 73%). "H NMR (400 MHz, DMSO) & 9.85 (s,
N = 1H), 9.89 - 9.69 (2x s, 1H), 8.92 — 8.84 (2x s, TH), 8.55 — 8.53 (2x
b s, TH), 7.99 (t, J = 1.9 Hz, TH), 7.90 — 7.84 (2x ddd, J = 8.3, 2.3,

1.1 Hz, 1H), 7.41-7.35 (m, 2H), 7.22 - 7.18 (2x dt, / = 7.6, 1.3 Hz, 1H), 6.74 — 6.57 (2x dt, / = 15.2, 6.2 Hz,
1H), 6.52 — 6.28 (2x dt, J = 15.0, 1.5 Hz, 1H), 5.12 - 5.07 (2x d, J/ = 2.4 Hz, 2H), 498 - 4.79 (2x dd, J = 8.3,
3.1 Hz, 1H), 4.20 — 4.19 (2x s, TH), 3.78 — 3.46 (m, 3H), 3.18 — 3.07 (m, 2H), 2.28 — 1.85 (m, 10H) (the
spectrum was accompanied by rotamer peaks). *C NMR (101 MHz, DMSO) & 171.42, 170.83, 163.75,
157.01, 154.25, 153.98, 153.48, 152.82, 149.02, 148.61, 141.05, 140.53, 139.84, 139.71, 128.79, 127.46,
126.88, 126.57, 126.45, 125.20, 125.04, 124.21, 124.18, 123.03, 122.88, 121.66, 117.10, 115.44, 109.57,
109.44, 108.36, 108.19, 83.61, 83.56, 80.54, 80.50, 79.47, 79.33, 78.35, 78.30, 60.07, 59.79, 59.52, 59.45,
56.61, 47.05, 46.74, 44.66, 44.58, 31.99, 29.05, 24.41, 22.34 (the spectrum was accompanied by rotamer
peaks). LCMS (Fleet, 10 - 90%): t. = 3.89 min, m/z: 523.4. HRMS [C3oH30N6O3 + H]*: 523.24522 calculated,
523.24527 found.
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(R.E)-N-(4-((3-Chloro-4-fluorophenyl)amino)-7-(prop-2-yn-1-yloxy)quinazolin-6-yl)-1-(4-
(dimethylamino)but-2-enoyl)pyrrolidine-2-carboxamide (8)
¢ The title compound was synthesized from 29 (80.0 mg, 182 pmol)
/@[ and  (E)-4-(dimethylamino)but-2-enoic acid hydrochloride
HN (¢

(\i | according to general procedure A (using 5 eq. DIPEA). The crude
Nﬁ(kj SN was purified by automated column chromatography (10 — 20%

o \ /) MeOH/DCM) to afford the product (41 mg, 74 pmol, 41%). 'H

| o O N NMR (400 MHz, DMSO) & 9.91 (br s, TH), 9.85 — 9.69 (2x s, 1H),

u = 8.90 - 8.80 (2x s, TH), 8.54 — 8.51 (2x s, 1H), 8.10 (dd, J = 6.9, 2.5
N Hz, 1H), 7.77 (ddd, J = 9.2, 4.2, 2.5 Hz, 1H), 7.44 — 7.37 (m, 2H),

6.73 — 6.58 (2x dt, J = 15.1, 6.1 Hz, 1H), 6.48 — 6.22 (2x dt, / = 15.1, 1.4 Hz, 1H), 5.12-5.07 2xd, /= 2.4
Hz, 2H), 4.98 - 4.78 (2x dd, J = 8.4, 3.1 Hz, 1H), 3.79 — 3.48 (m, 3H), 3.09 — 2.94 (m, 2H), 2.09 (d, J = 41.8
Hz, 10H) (the spectrum was accompanied by rotamer peaks). 3C NMR (101 MHz, DMSO) & 171.46,
170.87, 163.90, 163.87, 156.89, 154.11, 153.87, 153.26, 153.20 (d, Jic-r) = 242.8 Hz), 152.74, 148.50, 142.44,
141.87, 136.87, 127.55, 127.02, 123.89, 123.72, 123.30, 122.77 (d, J = 6.5 Hz), 122.62 (d, Jic-n = 6.8 Hz),
118.66 (d, Jic-r) = 18.3 Hz), 116.42 (d, Jic-n) = 21.5 Hz), 115.10, 109.45, 108.37, 108.20, 79.49, 79.34, 78.33,
78.29, 62.49, 60.05, 59.94, 59.91, 59.76, 56.61, 47.02, 46.71, 45.15, 45.03, 31.97, 29.02, 24.41, 22.34 (the
spectrum was accompanied by rotamer peaks). LCMS (Fleet, 10 = 90%): t. = 4.02 min, m/z: 551.2. HRMS
[C2gH28CIFNgO3 + H]*: 551.19682 calculated, 551.19663 found.

(R)-1-Acryloyl-N-(4-((3-ethynylphenyl)amino)-7-(prop-2-yn-1-yloxy)quinazolin-6-yl)pyrrolidine-2-

carboxamide (9)
The title compound was synthesized from 30 (80.0 mg, 194 umol) and
HN/©\ acryloyl chloride according to general procedure B. The crude was
A

<\’ y X purified by automated column chromatography (0 - 10%
Nﬂ( ‘ =N MeOH/DCM) to afford the product (47.0 mg, 101 umol, 52%). "H NMR
ﬁo o o N/) (400 MHz, DMSO) & 9.87 — 9.82 (2x s, TH), 9.82 — 9.67 (2x s, 1H), 8.91
—8.77 (2x s, TH), 8.56 — 8.53 (2x s, T1H), 7.99 (t, J/ = 1.9 Hz, 1H), 7.85

& (ddd, J = 84, 2.3, 1.1 Hz, 1H), 7.41 - 7.35 (m, 2H), 7.23 - 7.18 (2x dt, J

=76,13Hz 1H), 6.70-6.43 2x dd, J = 16.7, 10.3 Hz, 1H), 6.24 - 6.16 (2x dd, J = 16.7, 2.4 Hz, 1H), 5.75
—5.70 2x dd, J = 10.3, 2.4 Hz, 1H), 5.09 (d, J = 2.5 Hz, 2H), 4.97 — 4.80 (2x dd, J = 8.5, 3.0 Hz, 1H), 4.22 -
4.17 (2x s, TH), 3.78 = 3.48 (m, 3H), 2.42 — 1.85 (m, 4H) (the spectrum was accompanied by rotamer peaks).
3C NMR (101 MHz, DMSO) & 171.47, 170.79, 163.87, 163.81, 157.02, 154.34, 154.00, 153.76, 152.82,
149.20, 148.62, 139.83, 139.67, 129.27, 129.08, 128.83, 128.79, 127.65, 127.48, 127.45, 126.84, 126.61,
126.47, 125.18, 125.06, 123.01, 122.91, 121.69, 121.66, 117.46, 115.41, 109.56, 109.42, 108.44, 108.20,
83.61, 83.55, 80.56, 80.50, 79.35, 78.34, 78.32, 60.07, 59.75, 56.64, 56.61, 47.03, 46.75, 32.00, 29.09, 24.40,
22.29 (the spectrum was accompanied by rotamer peaks). LCMS (Fleet, 10 - 90%): t. = 4.78 min, m/z
466.4. HRMS [C,7H23N503 + H]™: 466.18737 calculated, 466.18736 found.

(R)-1-Acryloyl-N-(4-((3-chloro-4-fluorophenyl)amino)-7-(prop-2-yn-1-yloxy)quinazolin-6-
yl)pyrrolidine-2-carboxamide (10)

The title compound was synthesized from 29 (80.0 mg, 182 pmol) and
acryloyl chloride according to general procedure B. The crude was
purified by automated column chromatography (0 — 10% MeOH/DCM)

F

9

zT
I
z
o

Nﬁf SN to afford the product (19 mg, 38 pmol, 21%). 'H NMR (400 MHz, DMSO)
o | J 69.90-9.87 (2x s, TH), 9.83 - 9.68 (2x s, 1H), 8.90 - 8.75 (2x s, 1H), 8.55
| © o N —8.52 (2x's, 1H), 8.09 (dd, / = 6.9, 2.6 Hz, TH), 7.78 (ddd, J = 9.1, 4.4, 2.6

Hz, 1H), 7.45 - 7.37 (m, 2H), 6.71 — 6.43 (2x dd, J = 16.7, 10.3 Hz, 1H),
6.23-6.15 (2x dd, J = 16.6, 2.4 Hz, 1H), 5.75 - 5.69 (2x dd, J = 10.3, 2.3
Hz, 1H), 5.11-5.08 (2x d, J = 2.4 Hz, 2H), 4.97 - 4.80 (2x dd, J = 8.5, 2.9 Hz, 1H), 3.77 — 3.48 (m, 3H), 2.41
- 1.84 (m, 4H) (the spectrum was accompanied by rotamer peaks). *C NMR (101 MHz, DMSO) & 171.48,
170.81, 163.86, 163.78, 156.91, 153.90, 153.67, 153.22 (d, Jic-r) = 242.9 Hz), 152.79, 152.10, 149.10, 148.54,
136.81 (d, Jic-p = 2.9 Hz), 129.30, 129.07, 127.66, 127.54, 127.49, 126.94, 123.89, 123.74, 122.77 (d, Jic-s) =
6.6 Hz), 122.63 (d, Jic-r) = 6.9 Hz), 118.69 (d, Jic-p = 17.9 Hz), 118.66 (d, Jic-p = 18.3 Hz), 117.11, 116.45 (d,

=
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Jie-n = 21.5 Hz), 116.42 (d, Jien = 21.4 Hz), 115.14, 109.41, 109.28, 108.45, 108.22, 79.38, 78.33, 78.30,
60.06, 59.73, 56.61, 47.03, 46.74, 31.99, 29.09, 24.39, 22.27 (the spectrum was accompanied by rotamer
peaks). LCMS (Fleet, 10 - 90%): t. = 4.95 min, m/z: 494.2. HRMS [CysH»1CIFNsOs + HJ™: 494.13897
calculated, 494.13893 found.

(R)-1-Acetyl-N-(4-((3-ethynylphenyl)amino)-7-(prop-2-yn-1-yloxy)quinazolin-6-yl)pyrrolidine-2-
carboxamide (11)

The title compound was synthesized from 30 (80.0 mg, 194 ymol) and
HNQ\\ acetyl chloride according to general procedure B. The crude was

S N purified by HPLC (Agilent, 29 — 35% MeCN in 0.2% TFA (aq.) after
Nﬂ( ‘ =N which the fractions were concentrated and traces of TFA were
/&o o o N/) removed by coevaporation with 1:1 MeCN/H20 (20 mL). The residue
was dissolved in DCM (15 mL) and washed with 1 M NaHCO:s (aq.) (3x5

& mL). The organic layer was dried over NaxSOs, filtered and

concentrated to afford the product (63.0 mg, 139 umol, 72%). "H NMR (400 MHz, DMSO) & 11.46 (br s,
1H), 10.11-9.90 (2x s, TH), 9.18 = 9.01 (2x s, TH), 8.92 — 8.88 (2x s, 1H), 7.80 — 7.78 (2x t, / = 1.9 Hz, 1H),
7.69 —7.65 (m, TH), 7.56 — 7.53 (2x's, 1H), 7.52 - 7.47 (2xt,J =79 Hz, 1H), 7.44 - 7.40 2x dt, J =77, 1.4
Hz, 1H), 5.17 (d, J = 2.4 Hz, 2H), 4.83 — 4.72 (2x dd, J = 8.5, 3.0 Hz, 1H), 4.28 — 4.26 (2x s, 1H), 3.85 — 3.83
(2xt,J = 2.4 Hz, 1H), 3.66 — 3.39 (m, 2H), 2.21 - 1.84 (m, 7H) (the spectrum was accompanied by rotamer
peaks). *C NMR (101 MHz, DMSO) & 171.89, 171.29, 169.23, 168.68, 159.14, 159.09, 159.04, 158.78,
158.42, 158.06, 155.85, 154.54, 150.53, 150.06, 137.78, 137.28, 137.14, 136.94, 129.81, 129.69, 129.58,
129.34, 129.28, 128.92, 128.13, 128.05, 125.70, 125.65, 122.22, 122.16, 120.10, 118.60, 117.21, 115.73,
114.32,111.42, 107.64, 107.54, 101.37, 101.06, 82.90, 82.86, 81.49, 81.43, 80.33, 80.30, 77.42, 60.68, 59.75,
57.39, 47.79, 46.48, 32.11, 29.31, 24.48, 22.61, 22.36, 22.28 (the spectrum was accompanied by rotamer
peaks). LCMS (Fleet, 10 - 90%): t, = 4.52 min, m/z: 454.2. HRMS [C26H23NsO; + H]*: 454.18737 calculated,
454.18728 found.

(R)-1-Acetyl-N-(4-((3-chloro-4-fluorophenyl)amino)-7-(prop-2-yn-1-yloxy)quinazolin-6-
yl)pyrrolidine-2-carboxamide (12)
¢ The title compound was synthesized from 29 (43 mg, 98 umol) and
acetyl chloride according to general procedure B (after 16 h of stirring,

(\i H HN ¢l extra DIPEA (0.56 eq.) and acetyl chloride (0.56 eq.) were added and the

N}}(N SN mixture stirred for 4 h). The crude was purified by HPLC (Agilent, 30 —

A6 \ J 32% MeCN in 02% TFA (aq)) after which the fractions were
o O N

concentrated and traces of TFA were removed by coevaporation with
/// 1:1 MeCN/H20 (20 mL). The residue was dissolved in DCM (15 mL) and
washed with T M NaHCOs (aqg.) (3x5 mL). The organic layer was dried
over NaxSO,, filtered and concentrated to afford the product (23 mg, 48 umol, 49%). "H NMR (400 MHz,
DMSO) & 11.42 - 11.37 (2x s, 1H), 10.09 — 9.89 (2x s, TH), 9.16 — 8.98 (2x s, TH), 8.91 - 8.88 (2x s, TH), 7.96
—7.92 (2xdd, J = 6.8, 2.6 Hz, 1H), 7.67 — 7.62 (2x ddd, J = 9.1, 4.4, 2.5 Hz, 1H), 7.58 = 7.50 (m, 2H), 5.18 —
516 (2xd,J = 2.5 Hz, 2H), 4.82 - 4.71 (2x dd, J = 8.6, 3.0 Hz, 1H), 3.87 - 3.84 (2x t, / = 2.2 Hz, TH), 3.65 —
3.39 (m, 2H), 2.42 — 1.82 (m, 7H) (the spectrum was accompanied by rotamer peaks). >C NMR (101 MHz,
DMSO) 6 171.86, 171.28, 169.15, 168.59, 158.96, 158.54, 158.19, 157.83, 154.40, 154.03, 150.24, 138.35,
137.43, 134.24 (d, Jc-p = 3.4 Hz), 129.51, 128.80, 127.03, 126.97, 125.61 (d, Jic-n = 7.2 Hz), 119.23 (d, Jic-p
= 18.8 Hz), 118.27, 116.94 (d, Jic-p = 22.1 Hz), 115.45, 107.62, 101.39, 80.32, 80.29, 77.46, 77.44, 59.68,
57.33,47.74, 46.43, 29.28, 24.44, 22.33, 22.27 (the spectrum was accompanied by rotamer peaks). LCMS
(Fleet, 10 > 90%): t, = 4.71 min, m/z: 482.2. HRMS [C54H,CIFN5O3 + H]": 482.13897 calculated, 482.13884
found.

184



Development of a cellular BUBT target engagement assay

2-Chloro-N-(2-((4-((3-ethynylphenyl)amino)-7-(prop-2-yn-1-yloxy)quinazolin-6-yl)amino)-2-
oxoethyl)-2-fluoroacetamide (13)
The title compound was synthesized from 32 (60.0 mg, 162 pmol)
o HN/©\\ and 2-chloro-2-fluoroacetic acid according to general procedure
E y X A. The crude was purified by HPLC (Waters, 30 — 40% MeCN in
%N/Y ‘ =N 0.2% TFA (aq.)) after which the fractions were concentrated and
cl 04 N/) traces of TFA were removed by coevaporation with 1:1 MeCN/H-0
/ (20 mL). The residue was dissolved in DCM (15 mL) and washed
& with 1 M NaHCO;s (aq.) (3x5 mL). The organic layer was dried over
NazSOs, filtered and concentrated to afford the product (16 mg, 34 umol, 21%). '"H NMR (400 MHz,
DMSO) 6 9.84 (s, 1H), 9.73 (s, TH), 9.12 = 9.07 (m, 1H), 8.88 (s, TH), 8.54 (s, TH), 7.98 (t, J = 1.9 Hz, 1H),
7.84 (ddd, J = 8.3, 2.3, 1.1 Hz, 1H), 7.40 (s, 1H), 7.38 (t, / = 8.0 Hz, 1H), 7.20 (dt, J = 7.6, 1.3 Hz, 1H), 6.88
(d, J = 49.3 Hz, 1H), 5.11 (d, J = 2.4 Hz, 2H), 4.19 (s, 1H), 4.15 (d, J = 5.4 Hz, 2H), 3.76 — 3.70 (m, 1H). "*C
NMR (101 MHz, DMSO) & 167.14, 164.13 (d, Jic-p = 23.3 Hz), 157.00, 154.14, 152.81, 148.68, 139.76,
128.84, 126.87, 126.52, 125.05, 122.90, 121.68, 116.06, 109.50, 108.37, 93.86 (d, Jic-ry = 251.0 Hz), 83.59,
80.56, 79.49, 78.34, 56.47, 42.46. LCMS (Fleet, 10 - 90%): t. = 4.76 min, m/z: 466.2. HRMS [C33H17CIFN;sO3
+ H]": 466.10767 calculated, 466.10730 found.

N-(2-((4-((3-Ethynylphenyl)amino)-7-(prop-2-yn-1-yloxy)quinazolin-6-yl)Jamino)-2-oxoethyl) but-2-

ynamide (14)
The title compound was synthesized from 32 (60.0 mg, 162
/©\ pumol) and but-2-ynoic acid according to general procedure A.

2 y N S The crude was loaded onto silica gel and purified by automated
/L”/}( ‘ =N column chromatography (3 = 10% MeOH/DCM) to afford the
%5 N/) product (9.0 mg, 21 umol, 13%). '"H NMR (500 MHz, DMSO) &

/ 9.83 (s, TH), 9.61 (s, TH), 8.89 — 8.85 (m, 2H), 8.53 (s, TH), 7.98 (t,

e J=19Hz 1H), 7.84 (ddd, J = 8.3, 2.3, 1.1 Hz, TH), 7.40 - 7.36 (m,

2H), 7.20 (dt, / = 7.6, 1.3 Hz, 1H), 5.10 (d, / = 2.4 Hz, 2H), 4.20 (s, 1H), 4.03 (d, J = 6.1 Hz, 2H), 3.73 (t, J =
2.3 Hz, 1H), 1.99 (s, 3H). 3C NMR (126 MHz, DMSO) & 167.60, 156.97, 154.08, 153.08, 152.74, 148.60,
139.77, 128.83, 126.95, 126.50, 125.02, 122.87, 121.67, 115.83, 109.50, 108.31, 83.59, 83.41, 80.55, 79.47,
78.33, 75.31, 56.49, 42.63, 3.09. LCMS (Fleet, 10 - 90%): t, = 4.50 min, m/z: 438.2. HRMS [CasH19NsO3 +
H]": 438.15607 calculated, 438.15611 found.

(E)-4-(Dimethylamino)-N-(2-((4-((3-ethynylphenyl)amino)-7-(prop-2-yn-1-yloxy)quinazolin-6-
yl)amino)-2-oxoethyl)but-2-enamide (15)

The title compound was synthesized from 32 (40.0 mg, 108
pmol) and  (E)-4-(dimethylamino)but-2-enoic  acid

,‘\‘NOL N H A hydrochloride according to general procedure A (using 5
g ~ H/Y ‘ =N eq. DIPEA). The crude was purified by HPLC (Waters, 20—
%5 N/) 30% MeCN in 0.2% TFA (aq.)) after which the fractions were

/ concentrated and traces of TFA were removed by

& coevaporation with 1:1 MeCN/H20 (20 mL). The residue

was dissolved in DCM (15 mL) and washed with 1 M NaHCO:s (ag.) (3x5 mL). The organic layer was dried
over NaxSO, filtered and concentrated to afford the product (19 mg, 39 umol, 37%). "H NMR (400 MHz,
DMSO0) & 9.82 (s, TH), 9.60 (s, 1H), 8.89 (s, 1H), 8.53 (s, TH), 8.51 (t, J = 6.1 Hz, 1H), 7.98 (t, J = 1.9 Hz, 1H),
7.84 (ddd, J = 8.2, 2.2, 1.1 Hz, 1H), 7.42 = 7.33 (m, 2H), 7.20 (dt, J = 7.6, 1.3 Hz, 1H), 6.63 (dt, J = 15.5, 6.1
Hz, 1H), 6.17 (dt, J = 15.5, 1.6 Hz, 1H), 5.10 (d, J = 2.4 Hz, 2H), 4.19 (s, 1H), 4.10 (d, J = 6.0 Hz, 2H), 3.74 -
3.70 (m, TH), 3.00 (dd, J = 6.2, 1.6 Hz, 2H), 2.14 (s, 6H). *C NMR (101 MHz, DMSO) & 168.33, 165.27,
156.98, 154.06, 152.72, 148.59, 140.29, 139.79, 128.82, 127.02, 126.49, 125.49, 125.00, 122.85, 121.69,
115.66, 109.54, 108.30, 83.60, 80.52, 79.43, 78.30, 59.79, 56.52, 45.12, 42.77. LCMS (Fleet, 10 - 90%): t, =
3.59 min, m/z: 483.2. HRMS [C,7H26N6O3 + H]™: 483.21392 calculated, 483.21389 found.
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N-(2-((4-((3-Ethynylphenyl)amino)-7-(prop-2-yn-1-yloxy)quinazolin-6-yl)amino)-2-
oxoethyl)acrylamide (16)
The title compound was synthesized from 32 (60.0 mg, 162 pmol)
o HN/©\ and acryloyl chloride according to general procedure B. The crude
\)L y X was loaded onto silica gel and purified by automated column
H/W ‘ SN chromatography (3 — 10% MeOH/DCM) to afford the product (9.0
o o N/) mg, 21 umol, 13%). "TH NMR (500 MHz, DMSO) & 9.83 (s, 1H), 9.64
/ (s, TH), 8.89 (s, TH), 8.60 (t, J = 6.0 Hz, 1H), 8.54 (s, 1H), 7.98 (t, J =
& 1.9 Hz, 1H), 7.84 (ddd, J = 8.3, 2.3, 1.1 Hz, 1H), 7.40 (s, 1H), 7.38 (t,
J=8.0Hz 1H), 7.20 (dt, J = 7.6, 1.3 Hz, 1H), 6.37 (dd, J = 17.1, 10.2 Hz, 1H), 6.16 (dd, / = 17.1, 2.1 Hz, 1H),
5.66 (dd, J = 10.2, 2.1 Hz, 1H), 5.10 (d, J = 2.4 Hz, 2H), 4.19 (s, 1H), 4.13 (d, / = 6.0 Hz, 2H), 3.73 (t, J = 2.3
Hz, 1H). *C NMR (126 MHz, DMSO) & 168.21, 165.21, 156.98, 154.08, 152.76, 148.62, 139.78, 131.36,
128.83, 126.98, 126.50, 125.89, 125.01, 122.86, 121.68, 115.76, 109.52, 108.30, 83.60, 80.54, 79.47, 78.32,
56.52, 42.73. LCMS (Fleet, 10 - 90%): t. = 4.30 min, m/z: 426.2. HRMS [C24H19NsO3; + H]*: 426.15607
calculated, 426.15604 found.

2-Acetamido-N-(4-((3-ethynylphenyl)amino)-7-(prop-2-yn-1-yloxy)quinazolin-6-yl)acetamide (17)

The title compound was synthesized from 32 (60.0 mg, 162 pmol)
and acetyl chloride according to general procedure B. The crude was
HN N

)OL H purified by HPLC (Agilent, 24 — 30% MeCN in 0.2% TFA (aq.)) after
” ‘ SN which the fractions were concentrated and traces of TFA were

o o N/) removed by coevaporation with 1:1 MeCN/H20 (20 mL). The residue

/ was dissolved in DCM (15 mL) and washed with 1 M NaHCOs (aq.)

e (3x5 mL). The organic layer was dried over NazSO,, filtered and

concentrated to afford the product (14 mg, 34 pmol, 21%). '"H NMR (400 MHz, DMSO) & 9.83 (s, 1H),
9.51 (s, TH), 8.89 (s, TH), 8.53 (s, 1H), 8.38 (t, / = 5.9 Hz, 1H), 7.98 (t, / = 1.9 Hz, 1H), 7.85 (ddd, J = 8.2, 2.2,
1.1 Hz, TH), 7.39 (s, 1H), 7.38 (t, / = 8.0 Hz, 1H), 7.20 (dt, J = 7.6, 1.3 Hz, 1H), 5.10 (d, / = 2.4 Hz, 2H), 4.20
(s, TH), 4.00 (d, J = 6.0 Hz, 2H), 3.74 (t, J = 2.3 Hz, TH), 1.93 (s, 3H). *C NMR (101 MHz, DMSO) & 169.96,
168.39, 156.98, 154.05, 152.67, 148.58, 139.79, 128.83, 126.97, 126.49, 125.00, 122.85, 121.68, 115.48,
109.53, 108.27, 83.59, 80.55, 79.47, 78.33, 56.58, 42.82, 22.46. LCMS (Fleet, 10 —» 90%): t, = 4.04 min, m/z:
414.2. HRMS [C33H19NsOs + H]™: 414.15607 calculated, 414.15607 found.

4-Chloro-7-fluoro-6-nitroquinazoline (18)
ci 7-fluoro-6-nitroquinazolin-4(3H)-one (2.50 g, 12.0 mmol) was suspended in SOCI>
O,N SN (21.8 mL) and DMF (105 pL, 1.35 mmol). The mixture was heated to 75°C, stirred for 5
| _J hand subsequently concentrated to afford the product (2.70 g, 11.9 mmol, 99%). H
F N NMR (500 MHz, DMSO) 6 8.72 (d, J = 8.2 Hz, 1H), 8.35 (s, TH), 7.79 (d, J = 12.2 Hz, 1H).
*C NMR (126 MHz, DMSO) & 159.35, 157.68 (d, Jic-r = 265.9 Hz), 153.69 (d, Jc-n = 13.6 Hz), 150.18,
135.55 (d, Jic-r) = 9.5 Hz), 125.69, 119.32, 115.45 (d, Jic-r = 21.3 H2).

N-(3-Chloro-4-fluorophenyl)-7-fluoro-6-nitroquinazolin-4-amine (19)
F 18 (1.40 g, 6.15 mmol) was mixed in 2-propanol (13.7 mL) after which DIPEA
/@: (2.15 mL, 12.3 mmol) and 3-chloro-4-fluoroaniline (895 mg, 6.15 mmol) were
HN Cl added. The mixture was stirred for 7 h, subsequently diluted in EtOAc (50 mL)
and poured into H20 (50 mL). The organic layer was isolated and the water layer
| /) extracted with EtOAc (2x50 mL). The combined organic layers were washed with
F N brine (100 mL), dried over NaxSOs, filtered and concentrated. The crude was
loaded onto silica gel and purified by automated column chromatography (25 — 75% EtOAc/pentane) to
afford the product (760 mg, 2.26 mmol, 37%). '"H NMR (500 MHz, DMSO) & 10.49 (s, 1H), 9.56 (d, J = 7.9
Hz, 1H), 8.72 (s, 1H), 8.12 (dd, J = 7.0, 2.6 Hz, 1H), 7.84 (d, J = 12.4 Hz, 1H), 7.79 (ddd, J = 9.2, 4.5, 2.8 Hz,
1H), 7.48 (t, J = 9.1 Hz, 1H). 3C NMR (126 MHz, DMSO) & 158.38, 158.18, 156.46 (d, Jicr = 265.1 Hz),
154.04 (d, Jic- = 13.2 Hz), 153.96 (d, Jic-r) = 244.3 Hz), 135.53, 135.45, 124.41, 124.37, 123.13 (d, Jic-r) =
7.1 Hz), 119.00 (d, Jic-p = 18.6 Hz), 116.77 (d, Jc-ry = 22.0 Hz), 115.07 (d, Jic-r) = 20.2 Hz), 111.27. LCMS

(Fleet, 10 - 90%): t, = 5.88 min, m/z: 337.2.
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N-(3-Ethynylphenyl)-7-fluoro-6-nitroquinazolin-4-amine (20)
18 (2.20 g, 9.67 mmol) was mixed in 2-propanol (22 mL) after which DIPEA
/©\ (3.38 mL, 19.3 mmol) and 3-ethynylaniline (985 pL, 9.67 mmol) were added.
HN X The mixture was stirred for 16 h, subsequently diluted in DCM (150 mL) and
ON N poured into H20 (50 mL). The organic layer was isolated and the water layer
‘ N/) extracted with DCM (2x50 mL). The combined organic layers were washed
with brine (100 mL), dried over Na:SOy, filtered and concentrated. The crude
was loaded onto silica gel and purified by automated column chromatography (25 - 75%
EtOAc/pentane) to afford the product (2.40 g, 7.79 mmol, 81%). "H NMR (400 MHz, DMSO) & 10.45 (s,
1H), 9.60 (d, J = 8.0 Hz, 1H), 8.72 (s, TH), 7.99 (t, / = 1.8 Hz, 1H), 7.87 (ddd, J = 8.5, 2.2, 1.2 Hz, 1H), 7.82
(d, J =125 Hz, TH), 7.44 (t, J = 8.0 Hz, TH), 7.29 (dt, J = 7.7, 1.2 Hz, 1H), 4.24 (s, 1H). >*C NMR (101 MHz,
DMSO0) & 158.47, 158.28, 156.44 (d, Jic-r) = 264.8 Hz), 154.13 (d, Jic-n = 13.0 Hz), 138.61, 135.47 (d, Jic-p) =
10.0 Hz), 129.10, 127.73, 125.58, 124.52, 123.29, 121.93, 115.02 (d, Jic-ry = 19.9 Hz), 111.40, 83.25, 80.95.

LCMS (Fleet, 10 - 90%): t, = 5.38 min, m/z: 309.2.

N-(3-Chloro-4-fluorophenyl)-6-nitro-7-(prop-2-yn-1-yloxy)quinazolin-4-amine (21)
£ 19 (730 mg, 2.17 mmol) was mixed in THF (10 mL) after which propargyl
/@[ alcohol (0.5 mL, 8.67 mmol) was added. The mixture was cooled down to 0°C
HN

Cl and potassium tert-butoxide (487 mg, 4.34 mmol) was added. After stirring

O,N SN for 5 min, the mixture was allowed to warm to RT and continued to stir for 16

‘ /) h. The mixture was diluted in EtOAc (20 mL) and poured into H20 (20 mL).

0 N The organic layer was isolated and the water layer extracted with EtOAc (2x20
/ mL). The combined organic layers were washed with brine (50 mL), dried over

Naz2SOqs, filtered and concentrated. The crude loaded onto silica gel and
purified by automated column chromatography (10 — 75% EtOAc/pentane) to afford the product (737
mg, 1.98 mmol, 91%). "H NMR (400 MHz, DMSO) & 10.38 (br's, 1H), 9.24 (s, 1H), 8.64 (s, 1H), 8.13 (dd, J
=6.9, 2.6 Hz, TH), 7.76 (ddd, J = 9.0, 4.3, 2.7 Hz, 1H), 7.52 (s, 1H), 743 (t, / = 9.1 Hz, 1H), 5.17 (d, J = 2.4
Hz, 2H), 3.77 (t, J = 2.3 Hz, TH). > C NMR (101 MHz, DMSO) & 157.86, 157.60, 153.54 (d, Jic-r) = 243.4 Hz),
153.15, 152.26, 138.69, 136.60, 123.88, 122.71 (d, Jic-r» = 6.9 Hz), 122.21, 118.87 (d, Jic-» = 18.3 Hz), 116.63
(d, Jien = 21.6 Hz), 110.98, 108.86, 79.93, 77.73, 57.43. LCMS (Fleet, 10 —» 90%): t. = 5.41 min, m/z: 373.3.

N-(3-Ethynylphenyl)-6-nitro-7-(prop-2-yn-1-yloxy)quinazolin-4-amine (22)

20 (2.27 g, 7.35 mmol) was mixed in THF (24 mL) after which propargyl
HNQ\ alcohol (1.70 mL, 29.4 mmol) was added. The mixture was cooled down to
S

ON N 0°C and potassium tert-butoxide (1.65 g, 14.7 mmol) was added. After

‘ \J\l stirring for 5 min, the mixture was allowed to warm to RT and continued to

o NG stir for 22 h. The mixture was diluted in H20 (25 mL) and filtered. The solids
/ were collected and dried to afford the product (2.53 g, 7.35 mmol, quant.)
& which was used as such in subsequent reaction. "H NMR (400 MHz, DMSO)

6 10.13 (s, TH), 9.28 (s, 1H), 8.68 (s, 1H), 8.03 (t, J/ = 1.8 Hz, 1H), 7.88 (ddd, J = 8.3, 2.3, 1.1 Hz, 1H), 7.56 (s,
1H), 7.42 (t, ) = 79 Hz, 1H), 7.26 (dt, J = 7.6, 1.3 Hz, 1H), 5.19 (d, J = 2.4 Hz, 2H), 4.23 (s, 1H), 3.78 (t, J =
2.3 Hz, 1TH). *C NMR (101 MHz, DMSO) & 157.99, 157.62, 153.11, 152.24, 138.93, 138.89, 129.06, 127.29,
125.14, 122.86, 122.10, 121.88, 111.13, 108.59, 83.35, 80.83, 79.95, 77.70, 57.45. LCMS (Finnigan, 10 -
90%): t, = 5.86 min, m/z: 345.1.

N*-(3-Chloro-4-fluorophenyl)-7-(prop-2-yn-1-yloxy)quinazoline-4,6-diamine (23)
g 21 (717 mg, 1.92 mmol) was mixed in EtOH/H20 (30:1, 43 mL) after which
iron powder (537 mg, 9.62 mmol) and NH4Cl (309 mg, 5.77 mmol) were
HN cl added. The mixture was heated to 80°C and stirred for 2.5 h. The mixture was

HoN SN filtered over Celite and subsequently concentrated to afford the product (438

| /) mg, 1.28 mmol, 66%). '"H NMR (400 MHz, DMSO) & 9.44 (s, 1H), 8.38 (s, 1H),

0 N 8.19 (dd, J = 6.9, 2.7 Hz, 1H), 7.81 (ddd, J = 9.1, 4.3, 2.7 Hz, 1H), 7.43 - 7.36
/ (m, 2H), 7.22 (s, TH), 5.40 (s, 2H), 5.04 (d, J = 2.4 Hz, 2H), 3.73 - 3.67 (m, TH).

3C NMR (101 MHz, DMSO) & 155.10, 152.71 (d, Jc = 242.0 Hz), 150.39,
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150.38, 144.42, 138.57, 137.49 (d, Jic-p = 2.9 Hz), 122.54, 121.50 (d, Jic-r) = 6.7 Hz), 118.65 (d, Jic-r = 18.2
Hz), 116.44 (d, Jic-r) = 21.6 Hz), 110.86, 107.55, 101.34, 79.04, 78.71, 56.06. LCMS (Fleet, 10 - 90%): t, =
4.78 min, m/z: 343.3.

N*-(3-Ethynylphenyl)-7-(prop-2-yn-1-yloxy)quinazoline-4,6-diamine (24)
22 (140 mg, 407 pmol) was mixed in EtOH/H20 (30:1, 9 mL) after which iron
/©\ powder (114 mg, 2.03 mmol) and NH4Cl (65.2 mg, 1.22 mmol) were added.
HN SN

The mixture was heated to 80°C and stirred for 2.5 h. The mixture was

‘ =N filtered over Celite and subsequently concentrated to afford the product

o N/) (128 mg, 407 pmol, quant.). '"H NMR (500 MHz, DMSO) & 10.18 (br s, TH),
/ 8.56 (s, TH), 7.95 (t, J = 1.9 Hz, 1H), 7.82 — 7.78 (m, T1H), 7.58 (s, 1H), 7.41 (t, J
& = 7.9 Hz, 1H), 7.29 (s, 1H), 7.26 (dt, J = 7.6, 1.3 Hz, TH), 5.68 (br s, 2H), 5.07

(d, J = 24 Hz, 2H), 4.23 (s, TH), 3.76 (t, J = 2.4 Hz, 1H). *C NMR (126 MHz, DMSO) & 156.32, 151.15,
148.29, 139.67, 139.04, 129.00, 127.42, 125.73, 123.53, 121.83, 110.09, 103.63, 101.77, 83.38, 80.85, 79.52,
78.22, 56.39. LCMS (Fleet, 10 - 90%): t, = 4.54 min, m/z: 315.2.

tert-Butyl (R)-2-((4-((3-chloro-4-fluorophenyl)amino)-7-(prop-2-yn-1-yloxy)quinazolin-6-
yl)carbamoyl)pyrrolidine-1-carboxylate (25)

F The title compound was synthesized from 23 (418 mg, 1.22 mmol) and

HN/©[ Boc-D-Pro-OH according to general procedure A. The crude was

(\’ N ¢ purified by automated column chromatography (2 — 10% MeOH/DCM)
5\1 | SN to afford the product (488 mg, 0.904 mmol, 74%). '"H NMR (400 MHz,
Boc O o N/) DMSO) & 9.89 (s, TH), 9.56 — 9.45 (2x s, 1H), 8.93 — 8.88 (2x s, TH), 8.53
/ (s, TH), 8.08 (s, TH), 7.81 = 7.73 (m, 1H), 7.42 (t, J = 9.2 Hz, 1H), 7.39 (s,

F 1H), 5.09 (d, J = 2.4 Hz, 2H), 4.58 — 4.44 (m, 1H), 3.75 - 3.69 (m, 1H), 3.50

—3.38 (m, 1H), 2.37 - 2.08 (m, 1H), 2.07 = 1.81 (m, 1H), 1.43 — 1.28 (2x s,
9H) (three proline protons were not observed). LCMS (Finnigan, 10 = 90%): t. = 6.65 min, m/z: 540.1.

tert-Butyl (R)-2-((4-((3-ethynylphenyl)amino)-7-(prop-2-yn-1-yloxy)quinazolin-6-
yl)carbamoyl)pyrrolidine-1-carboxylate (26)

The title compound was synthesized from 24 (837 mg, 2.66 mmol) and

©\ Boc-D-Pro-OH according to general procedure A. The crude was

<\’ N HN S purified by automated column chromatography (2 - 10%

N ‘ SN MeOH/DCM) to afford the product (1.32 g, 2.58 mmol, 97%). 'H NMR

Boc 0O o N/) (400 MHz, DMSO) & 9.83 (s, 1H), 9.54 - 9.44 (2x s, TH), 8.94 - 8.88 (2x

/ s, TH), 8.53 (s, 1H), 7.99 - 7.93 (m, 1H), 7.87 — 7.82 (m, 1H), 7.39 (s, TH),

7.38 (t,J = 7.9 Hz, 1H), 7.20 (d, J = 7.6 Hz, 1H), 5.09 (d, J = 2.4 Hz, 2H),

4.56 — 4.45 (m, 1H), 4.19 (s, 1H), 3.75 — 3.69 (m, 1H), 3.46 — 3.38 (m,
2H), 2.31-2.11 (m, 1H), 2.09 — 1.80 (m, 3H), 1.44 — 1.29 (2x s, 9H). LCMS (Fleet, 10 - 90%): t, = 5.70 min,
m/z: 512.3.

tert-Butyl (S)-2-((4-((3-chloro-4-fluorophenyl)amino)-7-(prop-2-yn-1-yloxy)quinazolin-6-
yl)carbamoyl)pyrrolidine-1-carboxylate (27)

F  The title compound was synthesized from 23 (104 mg, 303 pmol) and

Boc-L-Pro-OH according to general procedure A. The crude purified by

N HN €l automated column chromatography (2 — 10% MeOH/DCM) and used
N | SN as such in subsequent reaction (yield: 131 mg). LCMS (Finnigan, 10 —
B¢ O > 90%): t, = 6.87 min, m/z: 540.2.

~
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tert-Butyl (2-((4-((3-ethynylphenyl)amino)-7-(prop-2-yn-1-yloxy)quinazolin-6-yl)amino)-2-
oxoethyl)carbamate (28)

The title compound was synthesized from 24 (749 mg, 2.38 mmol)
HN/©\ and Boc-Gly-OH according to general procedure A. The crude was
N

Boc y " loaded onto Celite and purified by automated column
\N/ﬁ( ‘ =N chromatography (2 - 10% MeOH/DCM) to afford the product (910

o o N/) mg, 1.93 mmol, 81%). '"H NMR (400 MHz, DMSO) & 9.84 (s, 1H), 9.44

/ (s, TH), 8.95 (s, TH), 8.54 (s, TH), 7.98 (t, J = 1.9 Hz, 1H), 7.85 (ddd, J

& =8.3,23,1.1Hz 1H), 741 (s, 1H), 7.38 (t, / = 7.9 Hz, 1H), 7.30 (t, J =

6.1 Hz, 1H), 7.20 (dt, J = 7.6, 1.3 Hz, 1H), 5.11 (d, J = 2.4 Hz, 2H), 4.18 (s, 1H), 3.87 (d, J = 6.1 Hz, 2H), 3.73
(t, J = 2.3 Hz, TH), 1.42 (s, 9H). 3C NMR (101 MHz, DMSO) & 168.74, 157.01, 156.05, 154.01, 152.35,
148.46, 139.80, 128.82, 127.04, 126.51, 125.07, 122.92, 121.69, 114.93, 109.60, 108.27, 83.61, 80.51, 79.47,
78.40, 78.26, 56.58, 44.06, 28.22. LCMS (Fleet, 10 = 90%): t. = 5.31 min, m/z: 472.2.

(R)-N-(4-((3-Chloro-4-fluorophenyl)amino)-7-(prop-2-yn-1-yloxy)quinazolin-6-yl)pyrrolidine-2-
carboxamide (29)
F 25 (468 mg, 867 pmol) was dissolved in DCM (8.6 mL) and cooled down
@: to 0°C. TFA (2.6 mL) was added and the mixture was stirred at 0°C for 2.5
HN

(\; Cl h. The mixture was quenched with 1 M NaHCOs (aqg.) (50 mL) and the
N/WH N product extracted with DCM (3x50 mL). The combined organic layers
H o) | /) were washed with brine (50 mL), dried over NaSO., filtered and

N N concentrated. The crude was loaded onto silica gel and purified by
/ automated column chromatography (0 — 10% MeOH/DCM) to afford the

product (381 mg, 867 pmol, quant.). 'H NMR (400 MHz, DMSO) & 10.52
(s, TH), 9.89 (s, TH), 9.10 (s, TH), 8.52 (s, 1H), 8.08 (dd, J = 6.9, 2.7 Hz, 1H), 7.77 (ddd, J = 9.1, 4.4, 2.7 Hz,
1H), 7.41 (t, J = 9.1 Hz, 1H), 7.40 (s, 1H), 5.14 (d, J = 2.4 Hz, 2H), 3.83 (dd, / = 9.1, 5.1 Hz, 1H), 3.75 (t, J =
2.3 Hz, 1H), 3.02 (dt, / = 10.2, 6.6 Hz, 1H), 2.84 (dt, / = 10.2, 6.4 Hz, 1H), 2.14 — 2.05 (m, 1H), 1.93 - 1.84
(m, TH), 1.67 (p, J = 6.8 Hz, 2H) (the proline -NH was not observed). *C NMR (101 MHz, DMSO) & 173.54,
156.89, 153.59, 153.18 (d, Jic-n = 242.5 Hz), 151.50, 147.96, 136.87 (d, Jc-n = 3.0 Hz), 127.28, 123.73,
122.63 (d, Jicr) = 6.8 Hz), 118.65 (d, Jic-n = 18.4 Hz), 116.41 (d, Jic-n = 21.7 Hz), 111.36, 109.69, 108.20,
79.44, 78.19, 60.98, 56.90, 46.74, 30.37, 26.11. LCMS (Finnigan, 10 = 90%): t. = 4.76 min, m/z: 440.2.

(R)-N-(4-((3-Ethynylphenyl)amino)-7-(prop-2-yn-1-yloxy)quinazolin-6-yl)pyrrolidine-2-carboxamide

(30)
26 (1.25 g, 2.43 mmol) was dissolved in DCM (24 mL) and cooled down
/©\ to 0°C. TFA (7.5 mL) was added and the mixture was stirred at 0°C for 3
<\/ y HN X h. The mixture was quenched with T M NaHCO:s (ag.) (100 mL) and the
Hﬁ( ‘ =N product extracted with DCM (2x100 mL). The combined organic layers
O o N/) were washed with brine (100 mL), dried over Na,SOs, filtered and
/ concentrated. The crude was loaded onto silica gel and purified by
& automated column chromatography (0 — 10% MeOH/DCM) to afford

the product (561 mg, 1.36 mmol, 56%). "H NMR (400 MHz, DMSO) & 10.51 (s, 1H), 9.83 (s, TH), 9.11 (s,
1H), 8.52 (s, TH), 7.96 (t, / = 1.9 Hz, 1H), 7.84 (ddd, J = 8.3, 2.3, 1.1 Hz, 1H), 7.42 — 7.32 (m, 2H), 7.20 (dt, J
= 7.6, 1.3 Hz, 1H), 5.14 (d, J = 2.4 Hz, 2H), 4.19 (s, 1H), 3.84 (dd, J = 9.1, 5.1 Hz, 1H), 3.75 (t, / = 2.2 Hz,
1H), 3.02 (dt, J/ = 10.2, 6.6 Hz, 1H), 2.85 (dt, / = 10.2, 6.4 Hz, 1H), 2.16 — 2.04 (m, TH), 1.96 — 1.83 (m, TH),
1.67 (p, J = 6.8 Hz, 2H) (the proline -NH was not observed). >C NMR (101 MHz, DMSO) & 173.52, 157.00,
153.69, 151.50, 148.02, 139.89, 128.80, 127.20, 126.41, 125.02, 122.88, 121.65, 111.60, 109.85, 108.17,
83.61, 80.50, 79.43, 78.21, 60.99, 56.89, 46.76, 30.38, 26.12. LCMS (Fleet, 10 - 90%): t, = 3.63 min, m/z:
412.3.
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(S)-N-(4-((3-Chloro-4-fluorophenyl)amino)-7-(prop-2-yn-1-yloxy)quinazolin-6-yl)pyrrolidine-2-
carboxamide (31)
F 27 (120 mg, 222 pmol) was dissolved in DCM (0.7 mL) and cooled down
to 0°C. TFA (0.7 mL) was added and the mixture was stirred at 0°C for 2
HN ¢l h. The mixture was quenched with 1 M NaHCOs (aq.) (30 mL) and the
@(“ SN product extracted with EtOAc (3x30 mL). The combined organic layers
H o | P were dried over Na2SOy, filtered and concentrated. The crude purified by
0 N automated column chromatography (0 — 10% MeOH/DCM) to afford the
/ product (83.0 mg, 189 umol, 85%). "H NMR (400 MHz, DMSO) & 10.52 (s,
1H), 9.88 (s, TH), 9.08 (s, 1H), 8.51 (s, 1H), 8.07 (dd, J = 6.9, 2.7 Hz, 1H),
7.76 (ddd, J = 9.1,4.4, 2.7 Hz, 1H), 7.39 (t, / = 9.1 Hz, 1H), 7.38 (s, 1H), 5.13 (d, / = 2.4 Hz, 2H), 3.84 (dd, J
=9.1,5.1Hz 1H), 3.74 (t, ] = 2.3 Hz, 1H), 3.02 (dt, / = 10.2, 6.6 Hz, 1H), 2.85 (dt, J = 10.2, 6.7 Hz, 1H), 2.15
—2.05(m, TH), 1.93 - 1.84 (m, TH), 1.67 (p, J = 6.8 Hz, 2H) (the proline -NH was not observed). *C NMR
(101 MHz, DMSO) & 173.63, 156.94, 153.65, 153.27 (d, Jic-r = 242.8 Hz), 151.59, 148.02, 136.91 (d, Jic-r) =
3.1 Hz), 127.31, 123.76, 122.64 (d, Jic-p = 6.8 Hz), 118.75 (d, Jic-p) = 18.4 Hz), 116.44 (d, Jic-p = 21.5 Hz),
111.50, 109.75, 108.21, 79.47, 78.22, 61.04, 56.96, 46.82, 30.45, 26.16. LCMS (Finnigan, 10 - 90%): t. =
4,92 min, m/z: 440.2.

2-Amino-N-(4-((3-ethynylphenyl)amino)-7-(prop-2-yn-1-yloxy)quinazolin-6-yl)acetamide (32)

28 (810 mg, 1.72 mmol) was dissolved in DCM (8.5 mL) and cooled
HN/©\ down to 0°C. TFA (5.2 mL) was added after which the mixture was

y > allowed to warm to RT and stirred for 3 h. The mixture was quenched
HzN/W ‘ =N with 1 M NaHCOs (aqg.) (100 mL) and DCM (100 mL) was added. The
o o N/) mixture was filtered and the solids were collected. From the filtrate, the

/ layers were separated and the water layer was extracted with DCM

& (2x50 mL). The combined organic layers were washed with brine (100

mL), dried over NaxSOy, filtered and concentrated. The residue was combined with the collected solids,
loaded onto silica gel and purified by automated column chromatography (0 — 5% MeOH/DCM) to afford
the product (396 mg, 1.07 mmol, 62%). 'H NMR (400 MHz, DMSO) & 9.83 (s, 1H), 9.13 (s, TH), 8.52 (s,
1H), 7.96 (t, J = 1.9 Hz, 1H), 7.84 (ddd, J = 8.2, 2.2, 1.1 Hz, 1H), 7.41 (s, 1H), 7.38 (t, J = 7.9 Hz, 1H), 7.20
(dt, J = 7.6, 1.3 Hz, 1H), 5.15 (d, J = 2.4 Hz, 2H), 4.19 (s, 1H), 3.74 (t, J/ = 2.3 Hz, 1H), 3.36 (s, 2H) (three —
NHs were not observed). *C NMR (101 MHz, DMSO) & 171.82, 157.00, 153.70, 151.44, 148.00, 139.87,
128.80, 127.24, 126.43, 125.07, 122.94, 121.65, 111.82, 109.82, 108.14, 83.61, 80.52, 79.49, 78.23, 56.74,
45.20. LCMS (Fleet, 10 - 90%): t, = 3.31 min, m/z: 372.2.
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Chapter 6

Introduction

Eukaryotic cell division proceeds through four consecutive phases, one of which is mitosis.
During mitosis, duplicated genetic material must be equally divided among the newly formed
daughter cells. To accurately separate sister chromatids, microtubules emanating from the
spindle poles must form bi-oriented attachments with kinetochores which are located at the
centromeres of these chromatids.! Proper attachment is important for genomic integrity
since mitotic progression with attachment errors can lead to gain and loss of chromosomes.
An abnormal number of chromosomes, a state referred to as aneuploidy, is thought to
contribute to tumorigenesis.> The process of forming correct kinetochore-microtubule
attachments is therefore carefully monitored by a safety mechanism called the spindle
assembly checkpoint (SAC). The SAC prevents mitotic progression to the anaphase before all
chromosomes are correctly attached to the mitotic spindle.® Proper SAC functioning is
therefore crucial for cell division and survival. As a result, interfering with the SAC and
impairing chromosome segregation, has emerged as potential anti-cancer strategy.>* Key
proteins of the SAC, including kinases such as monopolar spindle 1 (MPS1) and budding
uninhibited by benzimidazole 1 (BUB1), may therefore be interesting therapeutic targets.?4

Taxanes are a class of microtubule targeting drugs, including paclitaxel and docetaxel, that
are used for the treatment of various types of cancer, such as ovarian, breast and non-small
cell lung cancer.>® Taxane-based chemotherapy is usually associated with severe adverse
effects, including bone marrow suppression, peripheral neuropathy and hypersensitivity
reactions.” Lowering taxane exposure during anti-cancer therapy is therefore desired.
Previously, it has been shown that genetically reducing MPS1 levels sensitized several cancer
cell lines, including U20S cells, to low doses (1 — 10 nM) of paclitaxel.® In line with these
findings, another report showed that the efficacy of docetaxel could be enhanced by
pharmacological MPS1 inhibition using small molecule NTRC0066-0 in a mouse xenograft
model of human triple-negative breast cancer.? Similarly, a small molecule inhibitor of BUB1,
BAY1816032 (Figure 6.1), was reported to synergistically inhibit a panel of cancer cell lines
when combined with taxanes.”® In a mouse xenograft model this combination of BUB1
inhibition and paclitaxel showed promising anti-tumor effects. Importantly, the combination
therapy reduced tumor growth, but BAY1816032 as single agent treatment did not show
efficacy in vivo. The reason for this is currently unknown, but low amounts of BUB1 protein
are thought to be sufficient for proper SAC functioning.” Thus, incomplete BUB1 target
engagement by BAY1816032 may explain its lack of efficacy as a single agent. The discovery
of novel BUB1 inhibitors with the ability to exhibit full target engagement is, therefore,
desired to test this hypothesis. Improving the physicochemical properties of compounds to
increase their cell permeability may contribute to better target engagement. In addition,
frequent exposure to kinase inhibitors may induce mutations in the target protein which
prevent inhibitor binding.'> To overcome this acquired drug resistance, additional
chemotypes are warranted.
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In Chapter 4 a series of substituted 2-phenyl-5-methoxy-N-(3-(5-(morpholinomethyl)-1H-
benzo[d]imidazol-2-yl)-1H-pyrazol-4-yl)pyrimidin-4-amines were discovered as highly
potent BUB1 kinase inhibitors with half maximal inhibitory concentrations (ICso values)
ranging from 2 — 30 nM. A subset of these molecules matched or even exceeded the
biochemical potency of BAY1816032. This chapter describes the further profiling of these
inhibitors in absorption, distribution, metabolism and excretion (ADME) assays, cellular BUB1
target engagement and cell proliferation. In addition, the in vitro selectivity profile of the
most promising inhibitors was assessed and the anti-proliferative activity of one molecule
was evaluated in a large panel of cancer cell lines. This led to the identification of ROB433,
which showed potent BUB1 target engagement and inhibited a multitude of cancer cell lines

oy

as single agent.

07
BAY 1816032
Figure 6.1 | Chemical structure of BAY1816032.

Results & Discussion

Compounds 1 — 16 (Table 6.2) were selected for further biological profiling, because they
were the most potent BUB1 inhibitors identified in Chapter 4.

Assessment of in vitro ADME properties

To investigate the drug-like properties of this chemical series, aqueous solubility and several
in vitro ADME parameters, such as plasma and microsomal stability and plasma protein
binding, were measured of a subset of these molecules (4 —9 and 11 - 16, Table 6.1). The
stability in both human and rat plasma was good for most compounds. Only compounds 4
and 8 showed a reduced plasma stability (<80% remaining after 3 h). Overall, the human and
rat microsomal stability was moderate to good, except for compound 9. The stability in
mouse microsomes was significantly lower for almost all compounds. Compound 11 had the
lowest clearance among all species. Of note, this compound did not contain a fluorine at the
R1 phenyl group and increasing the number of fluorine atoms on this ring seemed to lower
the metabolic stability. Plasma protein binding was high for all compounds, which correlated
with the low to moderate solubility of the compounds. Remarkably, compounds with a
hydrogen at R> (4, 6, 12, 14) were in general better soluble compared to compounds which
had a methoxy group at this position (5, 7, 13, 15). Taken together, the ADME properties of
most of the compounds were acceptable to good.
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Table 6.1 | Overview of biochemical plCsy values as determined in Chapter 4, in vitro ADME parameters and aqueous

solubility of compound 4 -9 and 11 - 16.
O
o ()
P N

Ry N7 TNH
MN
4
@
HN-N H

ICso + Plasma stability Microsomal Microsomal Plasma | Aqueous
s0 * . - - - . -
ID R1 Rz pSEM Species (% remaining stability stability (Cl;y  protein |solubility
after 180 min) (ti2 (in)) (UL min™ mg™)) binding (%) (M)
[ " 757+ Human 76 74 4.7 99.6
4 ' 001 Rat 100 82 17 99.6 37
' Mouse N.D. 16 22 N.D.
SN | 837+ Human 100 49 7.1 100
5 o Rat 100 64 22 100 5.7
U002
Mouse N.D. 30 11 N.D.
F 789 + Human 100 28 12 99.3
6 S W{H 601_ Rat 85 29 48 99.1 69
’ Mouse N.D. 16 22 N.D.
F Human 100 38 9.1 99.8
7 N g 834+ Rat 91 31 45 99.7 5.0
U002 @ : :
Mouse N.D. 11 33 N.D.
[ Human 69 37 94 100
8 (‘3 868 & Rat 100 49 28 100 39
o002 :
F Mouse N.D. 18 20 N.D.
s Human 100 13 28 99.6
A | 864+
9 o Rat 100 35 39 99.7 5.4
X002
F Mouse N.D. 8.4 41 N.D.
Human 100 99 35 100
cl | 7.96 +
11 o Rat 100 75 19 100 1.8
X002
Mouse N.D. 73 4.8 N.D.
F — Human 100 27 13 99.3
12 C'\ij)\ N 002 Rat 100 46 30 99.2 46
’ Mouse N.D. 12 28 N.D.
F Human 86 34 10 99.9
cl | 7.98
13 o Rat 80 34 41 99.8 25
X002
Mouse N.D. 12 30 N.D.
cl Human 100 61 5.6 99.6
H 803+
14 'S Rat 96 68 21 99.4 56
0.01
F Mouse N.D. 19 18 N.D.
cl Human 100 41 84 100
| 857 +
15 ¢ Rat 100 63 22 100 4.4
X7 002
F Mouse 85 22 16 99.9
F 862 + Human 100 29 12 99.7
Cl 62 *
16 %{H 0,03 Rat 100 49 28 99.7 6.0
F ' Mouse N.D. 6.1 57 N.D.

N.D. = not determined
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Assessment of BUB1 target engagement in living cells

To investigate whether the inhibitors engaged with BUB1 in living cells, the inhibitors were
profiled in the target engagement assay developed in Chapter 5. Compounds 8, 9, 15 and
16 potently engaged with BUB1 with half maximal target occupancy concentrations (TEso) of
10-30 nM (Table 6.2, Supplementary Figure 6.1 (p. 207)). This was significantly better than
for BAY1816032 (TEso = 355 nM). Target engagement values were approximately 14-fold
lower compared to corresponding biochemical plCsg values. This observed reduction may be
influenced by the different experimental conditions between these assays and also the cell
permeability of the compounds can affect target engagement.’® In addition, inhibitor target
residence time may contribute to the observed difference, since target engagement is
measured with a probe that covalently binds BUB1, whereas the inhibitors bind reversibly.
BUB1 target engagement by BAY1816032 was more than 75-fold lower compared to its
biochemical plCso value, which may be attributed to unfavorable cell permeability of this
compound. A Pearson correlation analysis revealed a strong correlation between cellular
target engagement and biochemical pICso values (Figure 6.2A, Pearson’s r: 0.921, p-value:
0.0004). This indicated that target engagement was predominantly driven by the affinities of
these inhibitors for BUB1. Overall, potent cellular BUB1 target engagement was observed for
most compounds.

Evaluation of antiproliferative activity

Next, the effect of compounds 1 — 16 on U20S cell proliferation was investigated by a
sulforhodamine B (SRB) assay (Table 6.2, Supplementary Figure 6.2, (p. 208))." SRB is an
aminoxanthene dye, which binds stoichiometrically to basic amino acid residues in
trichloroacetic acid (TCA)-fixed cells.’> SRB is extracted from cells and quantified by
absorbance measurements.” The optical density is proportional to the amount of protein,
which is dependent on the number of cells.’™ U20S cells were incubated for 72 h with
different concentrations of inhibitor. To investigate synergistic effects between BUB1
inhibitors and paclitaxel'®, cells were also co-treated with a low dose (4 nM) of paclitaxel in
a separate experiment. A Pearson correlation analysis revealed a strong correlation between
biochemical activities and plCso values on cell proliferation (Figure 6.2B, Pearson'’s r: 0.826,
p-value: <0.0001), however, target engagement and cell proliferation only moderately
correlated and lacked statistical significance (Figure 6.2C, Pearson'’s r: 0.655, p-value: 0.056).
This suggested that inhibition of cell proliferation was, to a large extent, dependent on BUB1
inhibition, but that off-target activity contributed to the observed effect. Compounds 8, 9
and 16 potently inhibited cell proliferation with ICsg values below 100 nM. Of note, paclitaxel
cotreatment only significantly increased the activity (fold-change > 1.9) of compounds 1 -4,
10, 12 and 14, that showed low potency as single agent (plCsp < 6). The most active
compound from this subset in combination with paclitaxel treatment (12) had a plCso of 6.45,
which did not exceed the activity of the other inhibitors as single agent. Compound 9 was
the most active cellular compound with a plCs of 7.46. Of note, BAY1816032 showed weak
inhibitory activity as single agent (plCso = 5.07), whereas its activity was enhanced 28-fold by
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cotreatment with paclitaxel. To summarize, the benzimidazole-based inhibitors showed good
cellular activity, which was not further enhanced by cotreatment with paclitaxel.

Table 6.2 | Overview of compounds 1 — 16 and their biochemical half maximal inhibitory concentrations (expressed as
plCso £ SEM, N=2, n=2), cellular half maximal target occupancy concentrations (expressed as pTEso + SEM, N=3) and half
maximal inhibitory concentration on U20S cell proliferation with (+) and without (-) 4 nM paclitaxel. Corresponding dose-
response graphs are reported in Supplementary Figure 6.1 (target engagement) and Supplementary Figure 6.2 (SRB

assays).
o
R

S (]
N7 NH N

N

R ¢~

R4 HN N

Proliferation assay

Biochemical assay - -
- paclitaxel + paclitaxel

K
ID R R Rs Rs plCso SEM a(p':w)a' pTEso £ SEM plCso + SEM plCso £ SEM  f.c.”
n
BAY-

~ _  _ 834:003 16 645:010 5074005 652003 28

1816032
1 CFs H -H -H 603£003 329 <5 ~545 618004 54
2 CF H H -OMe680+003 55 N.D. ~60°  632+0.11 2.1
3 CN -H H H 624+002 201 N.D. 556007 605008 3.1

4 -Cz=C-H -H -H 7.57 £ 0.01 9.5 6.49 +0.10 5.70+0.04 6.03+0.08 2.1

(4]

-C=C-H -H -OMe 837 +0.02 15 N.D. 6.62 £+ 0.05 6.61 +0.07 1.0

6 -C=C-F -H -H 789 +£0.01 46 6.24 +0.11  6.64 £0.05 6.69 + 0.07 1.1

7 -C=C-F -H -OMe 834002 16 726+0.08 6.89+009 691010 1.0

8 -Cz=C-H -F -OMe 868 £0.02 074 759+005 7.13+0.03 7.15+0.05 1.0

9 -C=C-F -F -OMe 864 £0.02 080 754+008 746+005 747 +0.05 1.0

10 -C -H -H -H 7.08 £ 0.02 29 N.D. 556 £0.01 6.21 +0.03 45
1 -CIl -H -H -OMe 796 £0.02 39 N.D. 6.26 £+ 0.06 6.41 +0.07 14
12 -l -F -H -H 763 +£0.02 82 N.D. 598 £+ 0.05 6.45+0.13 2.9

13 -Cl -F -H -OMe 798 +£002 37 6.55+0.13 6.73£0.07 6.87 £0.08 14

14 -C -H -F -H 8.03 = 0.01 33 6.75+0.18 592 +0.06 6.20+0.08 1.9
15

-Cl -H -F -OMe 857 +£002 094 750+0.11 632+0.06 648 +0.10 14
(ROB433)
16
-CIl -F -F -OMe 862 +0.03 084 801+£009 739+005 7.38+0.05 1.0
(ROB464)

2 apparent K ; ® fold change: increase in activity upon cotreatment with paclitaxel in the SRB assay (ICso (+pacitaxel) / 1C50 (-paciitaxeh); ¢ Due
to a steep Hill slope data was reported as ambiguous according to GraphPad Prism; N.D. = not determined.
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Figure 6.2 | Correlation analysis between (A) biochemical pICs values and pTEsq values, (B) biochemical plCsg values and
plCso values on cell proliferation and (C) pTEso values and plCs, values on cell proliferation. Statistics was performed using
a two-tailed Pearson correlation analysis. Biochemical plCs, values are displayed as mean + SEM (N=2, n=2), pTEs values
as mean + SEM (N=3) and plCs, values on cell proliferation as mean + SEM (N=2, n=3). For some data points error bars
were smaller than the symbol size. Dotted lines represent 95% confidence interval of the best-fit line (solid line) as
determined by linear regression analysis. Data for BAY1816032 is indicated in red and is not included in the correlation and
linear regression analyses.

Selectivity profile of 15 and 16

Compound ROB433 (15) and ROB464 (16) were selected based on their biochemical, cellular
and ADME profile for further profiling in a kinase selectivity assay. The selectivity profile was
assessed using Thermo Fisher Scientific's SelectScreen™ biochemical kinase profiling service
in a panel of 403 wild-type kinases (396 unique kinases, see Experimental section). ROB433
and ROB464 were tested at a concentration of 1 uM and 100 nM (Supplementary Figure 6.3
(p. 209), Supplementary Table 6.1 (p. 210)). At 1 uM, 165 and 187 kinases were inhibited
(>50%) by ROB433 and ROB464, respectively. Of note, although both compounds are
structurally similar, significant differences in inhibition were found for a subset of kinases
(Figure 6.3A). At 100 nM only 49 and 44 kinases were inhibited by ROB433 and ROB464,
respectively. 33 off-targets were shared between both compounds (Figure 6.3B).
Importantly, MPS1 (also known as TTK) was not inhibited, whereas Aurora kinases A, B and C
were identified as off-targets of both compounds (Supplementary Table 6.1 (p. 210)). Other
kinases involved in mitosis#, such as CDK1, Haspin, PLK1, NEK2, NEK6 and NEK9, were not
inhibited. In view of the fact that ATP levels in cells are in millimolar range'®"® compared to
micromolar ATP concentrations used in the biochemical assays, it is unknown whether these
off-targets will be inhibited in a living cell. Overall, the selectivity profile of both ROB433 and
ROB464 is acceptable.
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Figure 6.3 | (A) Overview of kinases for which the percentage of inhibition differed >50% between ROB433 and ROB464.
Kinases that were more prone to inhibition by 1 uM or 100 nM of ROB433 (15) compared to corresponding concentrations
of ROB464 (16) are indicated in the green boxes. Kinases more prominently inhibited by 1 uM ROB464 are indicated in the
blue box. Numbers between parentheses indicate percentages of inhibition by ROB433 (left) and ROB464 (right).
(B) Comparison of in vitro selectivity profile of ROB433 and ROB464 at a concentration of 100 nM. Inhibition >50% was
used as cut-off. Percentages of inhibition are reported as described in (A). Kinases for which no percentage of inhibition is
reported were not inhibited for more than 50% at a concentration of 1 uM and therefore not tested at a concentration of
100 nM. Large numbers indicate the total number of kinases in corresponding part of the Venn diagram.

Antiproliferative effects of ROB433 (15) among a large panel of cancer cell lines

Based on its good biochemical activity and BUB1 target engagement, combined with its
acceptable microsomal stability, ROB433 was screened in the Oncolines™ panel which
consists of 102 cancer cell lines originating from different tissues (Supplementary Table 6.2
(p. 212)). Briefly, cells were treated with nine concentrations (3.16 nM - 31.6 uM) of ROB433
for 72 h. Subsequently, cell proliferation was assessed and half maximal inhibitory
concentration (ICsg), half maximal growth inhibition concentration (Glsp) and half maximal
lethal dose (LDso) were determined (see Experimental section). ROB433 inhibited cell growth
(Glso) with concentrations ranging from 101 nM (for KG-1 cells) to 5.57 uM (for THP-1 cells).
Cell lines for which Glsg, 1C5p and LDsg values were high, off-target activity may contribute to
inhibition of cell proliferation. Cell growth was inhibited with a mean Glso value of 1.43 pM
(mean ICsp = 1.61 uM) among all cell lines tested which suggested a favorable toxicity profile
for this compound. Similar mean 1Csg values have been published for approved kinase drugs
abemaciclib, brigatinib, midostaurin and neratinib (1.71, 1.88, 1.73 and 2.10 M, respectively)
using this Oncolines™ panel.?% Inhibitors of MPS1 kinase, which is another member of the
SAC, have previously been tested in 66 cell lines of the Oncolines™ panel.?’ Among these
inhibitors, Mps-BAY2b?? and tool compound Mps1-12%3 showed similar mean 1Cso values
(1.98 and 1.41 puM, respectively) when compared to ROB433 for this subset of cell lines (mean
ICs0 = 1.63 uM). Classification of cell lines to tissue types and calculating median plCso values
(Figure 6.4A) revealed that chronic myeloid leukemia (CML) cells were the most sensitive to
ROB433 treatment (median plCso = 6.10), while non-small cell lung cancer (NSCLC) cells were
the least effectively inhibited (median pICso = 5.53). Strikingly, the opposite was true for cells
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treated with MPS1 inhibitors, since low sensitivity was observed for CML cells while NSCLC
tissue was in the top 5 most sensitive tissue for seven out of ten MPS1 inhibitors
(Supplementary Figure 6.4, p. 209).?! Tissue that was sensitive to both ROB433 and MPS1
inhibitors included uterus and non-hodgkin lymphoma cells (Supplementary Figure 6.4, p.
209). To investigate whether certain genomic alterations were related to ROB433 sensitivity,
a genomic biomarker analysis was performed on known cancer genes (see Experimental
section). This revealed that ROB433 preferentially inhibited proliferation of cells that harbor
a mutation in the CTNNBT gene (Figure 6.4B), which encodes for B-catenin. B-Catenin is a
member of the WNT signaling pathway and its accumulation results in nuclear localization
and gene transcription.?* WNT-CTNNB1-dependent transcription ultimately modulates
changes in cell behavior, such as cell proliferation.?* Cell lines with a mutation in the CTNNB1
gene were on average 2.7-fold more sensitive to ROB433 treatment compared to cells with
wild-type CTNNBT (ANOVA p = 0.018). Interestingly, this sensitivity was also reported for ten
previously investigated MPS1 inhibitors?!, which may be due to targeting the same biological
pathway. Cells with an amplification of the CCNET gene, which encodes for cyclin E1, were
2.1-fold less sensitive to ROB433 (Figure 6.4B, ANOVA p = 0.029). Cyclin E1 is the regulatory
subunit of CDK2 and its gene amplification has been described as a mechanism of primary
treatment resistance in serous ovarian cancer.?> CCNET gene amplification was found to be
largely exclusive of BRCA1/2 pathway disruption.?6 BRCA1/2-deficient tumors, which are
deficient in homologous recombination (HR) DNA repair, can be targeted by poly (ADP-
ribose) polymerase (PARP) inhibitors.?” PARP inhibitors lead to double-strand DNA breaks
which cannot be efficiently repaired in HR deficient cells.?’ It is therefore hypothesized that
CCNET-amplified tumors are unlikely to respond to PARP inhibitors.?® Since BUB1 inhibitor
BAY1816032 enhanced the efficacy of PARP inhibitor olaparib a mouse xenograft study'® and
given the reported function of BUB1 in DNA damage response®’, the reduced sensitivity of
ROB433 in cells with CCNET gene amplification may therefore be in line with aforementioned
data. Overall, ROB433 was found to inhibit a multitude of cancer cell lines originating from
different tissues at submicromolar concentrations.

Conclusion

In this chapter, two novel BUB1 inhibitors, ROB433 (15) and ROB464 (16), are reported. Both
compounds showed drug-like in vitro ADME properties and inhibited U20S cell proliferation.
In contrast to BAY1816032, the antiproliferative activity of these inhibitors did not require
cotreatment with paclitaxel. Potent cellular BUB1 target engagement for ROB433 and
ROB464, but less potent for BAY1816032, was observed which supports the hypothesis that
full BUB1 inhibition is required to induce antiproliferative activity. Notably, based on the in
vitro selectivity profiles of ROB433 and ROB464, off-target activity may contribute to the
observed cellular effects. The cellular selectivity profile, however, remains to be investigated.
The antiproliferative effects of ROB433 were further explored in a large panel of cancer cell
lines. ROB433 was able to inhibit a multitude of cell lines, but activity varied among different
cancer tissue. Cells with a mutation in the CTNNBT gene were found to be more sensitive to
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ROB433 treatment, whereas cells with CCNET gene amplification were less affected.
Sensitivity to mutations in the CTNNBT gene was previously reported for inhibitors of SAC
kinase MPS12', which may be a result of targeting the same biological pathway. Overall,
ROB433 and ROB464 are two novel lead BUB1 inhibitors with favorable properties and
provide an excellent expansion of the currently available BUB1 inhibitor BAY1816032.
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Figure 6.4 | Antiproliferative activity of ROB433 on cancer cells (A) Results of the Oncolines™ profiling service in a
panel of 102 cancer cell lines originating from different tissues represented by a tissue-based boxplot (see Supplementary
Table 6.2 (p. 212) for corresponding activity data per cell line). The horizontal line inside each box represents the median
log(ICsp) value (which is also annotated above each box). (B) Waterfall plot raking cell lines on sensitivity. Bars indicate
differences from the average plCso value of the cell panel as: 10g(ICso_celliine) = 109(ICs0_average). Bars corresponding to cell
lines harboring a CTNNBT mutation are indicated in green, cell lines with CCNET gene amplification are indicated in red.
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Experimental — Biochemistry

Plasma stability assay

Lithium-heparin plasma was thawed and used directly for the assay. An aliquot of 100 pL plasma in a
96-well plate was incubated in a water bath at 37°C for 10 min. Next, 1 uM of compound (max 1% DMSO)
or positive control was added and the assay plate was mixed at 1500 rpm for 15 seconds. At 0, 5, 10, 15,
30, 60, 120, 180 min samples of 10 pL were taken and extracted by adding 200 pL of acetonitrile
containing an internal standard. The samples were centrifuged for 30 min at 4500 rpm to pellet the
precipitated protein and the supernatant was transferred to a True Taper™ 2-mL square 96-well plate
(Screening Devices Cat. No. 968820) for LC-MS/MS analysis. Procaine and propantheline were incubated
alongside as controls. Procaine is a reference substrate in the rat stability assays, and propantheline in
mouse and human stability assays. The signal (counts) was related to the internal standard. Plasma half-
life (t1/2) was calculated from linear fitting of In(counts) versus time in Excel. Assay runs were invalidated
if t1/2 of the controls varied more than two-fold from historical means. The maximum ti,> that could be
reliably measured in the assay was determined by analyzing the variation in the replicates of the controls.
The percentage remaining compound was calculated by setting the signal at t = 0 to 100%. In addition,
%-remaining at 180 min was calculated based on the linear fit used for ti. The compounds are
considered stable if this percentage is higher than 80%.

Microsomal stability assay

The liver microsomal suspensions were thawed and used directly for the assay. To a 96-well plate was
added 56 pL of 100 mM KH2POs (pH 7.4), 2 pL of 50 ug/mL alamethicin, 2 uL of 250 mM MgClz, 10 pL of
liver microsomes and 10 pL of compound (max 1% DMSO) after which the plate was incubated in a water
bath at 37°C for 10 min. Next, 20 pL of 10 mM NADPH was added and the assay plate was mixed at 1500
rpm for 15 seconds. At O, 5, 10, 15, 30, 45, 60, 120 min samples of 10 pL were taken and extracted by
adding 200 pL of acetonitrile containing an internal standard. The samples were centrifuged for 30 min
at 4000 rpm to pellet the precipitated protein and the supernatant was transferred to a True Taper™ 2-
mL square 96-well plate (Screening Devices Cat. No. 968820) for LC-MS/MS analysis.
Dextromethorphan, propranolol and phenacetin were incubated alongside as controls. The signal
(counts) was related to the internal standard. The half-life (t12) was calculated from linear fitting of
In(counts) versus time in Excel. Assay runs were invalidated if ti2 or the CLint value of the control
compounds varied more than two-fold from historical means.

Plasma protein binding assay

Equilibrium dialysis was used to determine plasma protein binding. DIALYZER™ plates were used that
separates a protein-containing compartment from a protein-free compartment via a semi-permeable
membrane. The protein-free compartment (clear frame) of the system was filled with 150 pL PBS and
the protein-containing side (blue frame) was filled with 150 L plasma (Sera Laboratories International
Ltd. (BiolVT), K3 EDTA) containing 5 uM of compound (max. 1% DMSO). The filled wells were sealed with
cap strips. The system was allowed to rotate for 17 h at 25 rpm, in an incubator at 37°C. After equilibrium
had been reached, samples of 10 uL were taken from each of the compartments and extracted by adding
100 L of acetonitrile containing an internal standard. The samples were centrifuged for 30 min at 4500
rpm to pellet the precipitated protein and the supernatant was transferred to a True Taper™ 2-mL square
96-well plate (Screening Devices Cat. No. 968820) for LC-MS/MS analysis. Tolbutamide was incubated
alongside as control. Incubations and subsequent analyses were performed in duplicate. Assay runs were
invalidated if the fraction unbound (fu)-value of tolbutamide varied more than two-fold from historical
means. The extent of binding is reported as protein binding fraction (PB) which is calculated by PB(%) =
100*(PC — PF)/PC, where PC and PF are the compound concentrations in the protein-containing and
protein-free compartments, respectively. The fraction unbound was calculated by fu = 1 — ((PC — PF)
/PQ).

Solubility assay

Compounds stocks (in DMSO) were diluted in an 8-point dilution series (with a factor 1.67) in DMSO to
obtain 33.3x working solutions. In a clear 384-well plate, 3 yL compound from the dilution plate was

203



Chapter 6

added to 10 pL PBS and the plate was mixed at 2000 rpm for 15 seconds. Next, 87 pl PBS was added to
the assay plate and mixed 15 times using a Biomek NXP (final concentrations were 14.0, 23.3, 38.9, 64.8,
108, 180, and 300 uM). Absorption was measured at 620 nm using an EnVision® Multimode Plate Reader
and the wells were also inspected for turbidity using a microscope. A linear relation between compound
concentrations and turbidity signal was fitted and the intersection with the x-axis was determined. This
intersection represents the maximal concentration of compound that is supposed to be still in solution.
Insoluble compounds were also checked by visual inspection using a microscope.

Cell culture

U20S (human osteosarcoma) cells were purchased at ATCC and were tested on regular basis for
mycoplasma contamination. Cultures were discarded after 2-3 months of use. Cells were cultured at
37°C under 7% CO2 in DMEM (Sigma Aldrich, D6546) supplemented with GlutaMAX (2 mM, Thermo
Fisher), 10% (v/v) heat-inactivated newborn calf serum (Seradigm), penicillin and streptomycin (200
pg/mL each, Duchefa) (complete medium). Growth medium was supplemented with G418 (600 ug/mL)
(selection medium) for culturing stable BUB1-overexpressing (U20S-BUB167P-FLA6) cells. U20S-
BUB1C"P-FLAG cells were prepared as described in Chapter 5. Medium was refreshed every 2-3 days and
cells were passaged by trypsinization twice a week at 80-90% confluence. Cell viability was assessed by
Trypan Blue exclusion and cell quantification using a TC20™ Automated Cell Counter (Bio-Rad).

Target engagement assay

U20S-BUB1SFPFLAG cells from 10 cm dishes with low cell density (<50% confluence) were seeded into 6-
well plates (500,000 cells/well) and incubated overnight to allow for cell adherence. Inhibitor (stock
solutions in DMSO) were diluted 100x in complete medium to obtain 10x working solutions (1% DMSO).
Inhibitors were serially diluted in complete medium containing 1% DMSO. Cell medium was aspirated
and complete medium (800 pL) was added. Either vehicle or inhibitor (100 pL, 10x working solution) was
added and cells were incubated at 37°C for 1 h. Vehicle or probe (100 pL, 10x working solution) was
added and cells were incubated at 37°C for 1 h. Medium was aspirated and cells were washed with PBS
(1 mL). Cells were harvested by trypsinization and centrifuged (500 g, 3 min). Pellets were washed with
PBS (1 mL), centrifuged (500 g, 3 min) and supernatant was removed. Pellets were snap-frozen in liquid
nitrogen and subsequently thawed on ice (cell pellets can optionally be stored at -80°C). Cells were lysed
by suspending the pellet in 60 uL M-PER™ Mammalian Protein Extraction Reagent (Thermo Fisher),
supplemented with 1x Halt™ protease inhibitor cocktail (EDTA-free) (Thermo Fisher) and 1x Halt™
phosphatase inhibitor cocktail (Thermo Fisher), after which the samples were incubated on ice for 15
min. Samples were vortexed at medium speed and centrifuged (14,000 g, 10 min, 4°C). The supernatant
was collected and protein concentration determined by a Quick Start™ Bradford Protein Assay (Bio-Rad).
Lysates were diluted to 1.15 mg/mL in M-PER™ Mammalian Protein Extraction Reagent (lysates can
optionally be snap-frozen and stored at —80°C). “Click-mix" was prepared freshly by mixing CuSOa (42
pL of 15 mM in H20) and sodium ascorbate (21 uL of 150 mM in H20) until yellow, followed by the
addition of THPTA (7 pL of 15 mM in H20) and Cy5-Ns (7 pL of 82.5 uM in DMSO). To 26 pL lysate was
added 4 pL click-mix and samples were incubated at 37°C for 30 min. Samples were denatured by the
addition of 4x Laemmli buffer (10 uL of 240 mM Tris-HCI pH 6.8, 8% w/v SDS, 40% v/v glycerol, 5% v/v
B-mercaptoethanol, 0.04% v/v/ bromophenol blue) and incubated at 95°C for 3 min. Samples were
resolved by sodium dodecyl sulfate polyacrylamide gel electrophoresis (SDS-PAGE) on a 7.5%
polyacrylamide gel (180 V, 70 min, 10 or 20 pL/lane). Gels were scanned using Cy2, Cy3 and Cy5
multichannel settings (532/28, 602/50 and 700/50 filters, respectively) on a ChemiDoc™ MP imager (Bio-
Rad). Fluorescence intensity was quantified using Image Lab 6.0.1 (Bio-Rad) and corrected for protein
loading as determined by Coomassie Brilliant Blue R-250 staining. Data was plotted using GraphPad
Prism 8.0.

SRB proliferation assay

Assays were performed in 96-well plates (Greiner, Cellstar, 655180) by seeding (day 0), treatment (day 1)
and subsequent incubation for 72 h. Cells were fixed, stained and staining was subsequently dissolved
after which absorbance was measured. Each assay included the following controls: (i) a background
control (to which no cells were added), (ii) to controls (separate assay plate in which cells were fixed on
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day 1, defined as 0% proliferation), (iii) nontreated controls (present in each assay plate, treated with
vehicle and defined as 100% proliferation). Cells were treated with different concentrations of inhibitor,
inhibitor + paclitaxel (4 nM) or paclitaxel (4 nM). All inhibitors were tested in two separate assays and all
inhibitor concentrations were tested in triplicate per assay (N=2, n=3).

For each assay, U20S cells from 10 cm dishes were seeded into 96-well plates (3,000 cells/well) and
subsequently incubated overnight to allow for cell adherence. Vehicle, inhibitor and paclitaxel (stock
solutions in DMSO) were diluted in complete medium to obtain 2x working solutions (1% DMSO). Cell
medium was replaced by fresh complete medium (50 L), treatment was started by addition of the 2x
working solutions (50 pL) and plates were incubated at 37°C for 72 h. Cell medium was replaced by fresh
serum free medium (100 pL) and cells were fixed by addition of 30 uL 50% (w/v) aq. trichloroacetic acid
after which the plates were incubated at 4°C for 60 min. Wells were emptied by shaking the plates upside
down after which wells were washed three times with demineralized water and air-dried overnight. To
each well, 60 pL of SRB solution (0.4% (w/v) in 1% aq. acetic acid) was added and plates were incubated
for 30 min. The excess SRB was removed and the wells were washed three times with 1% aq. acetic acid
and air-dried overnight. Bound SRB was redissolved by addition of 150 uL 10 mM TRIS (free-base) and
absorbance was measured at 540 nm on a CLARIOstar plate reader. Data was normalized between to and
nontreated controls and plotted using GraphPad Prism 8.0 using “Nonlinear regression (curve fit)” and
“log(inhibitor) vs. normalized response — Variable slope” to determine plCso values.

Kinase selectivity profiling

Assays for determination of kinase selectivity were performed by Thermo Fisher Scientific's
SelectScreen™ biochemical kinase profiling service. The complete list of tested kinases and inhibition
profiles are shown in Supplementary Table 6.1 (p. 210) and detailed assay procedures are described in
SelectScreen Assay Conditions documents located at www.thermofisher.com/selectscreen under
“SelectScreen kinase profiling Services” and then "Technology overview". The concentration of ATP was
selected to be equal to the Kw, unless stated otherwise. Assays were performed with a compound
concentration of 1 uM and kinases showing >50% inhibition were assayed again at a compound
concentration of 100 nM. Data obtained from SelectScreen™ kinase assays were processed using KNIME
Analytics Platform3® (v.4.3.0). Inconsistent kinase naming was corrected. Seven kinases (BRAF, MAP2KT,
MAP2K2, MAP2K6, JNK3, JNK1, JNK2) were present in two screening technologies and data for these
kinases were therefore averaged resulting in 396 ‘unique’ kinases (Supplementary Table 6.1 (p. 210)).
During screening of ROB433 (15), the assay to determine RPS6KB2 activity was not available and was
therefore not measured (resulting in 395 ‘unique’ kinases). The “genenames” database®'? was used to
couple kinase names to Uniprot®* IDs and Uniprot IDs were subsequently linked to kinase names
accepted by KinMap** to generate Supplementary Figure 6.3 (p. 209). Phosphatidylinositol kinases (16)
and sphingosine kinases (2) were not visualized in Supplementary Figure 6.3 (p. 209) and inhibition
percentages of kinases that are tested with different combinations of subunits (for example AMPK) or
kinases that are tested with different cyclins (for example CDKs) were averaged for the generation of
Supplementary Figure 6.3 (p. 209).

Oncolines™ profiling

Cell proliferation

Assays for determining the antiproliferative activity of ROB433 (15) were performed by the Oncolines™
profiling service. Detailed assay procedures are described at https://www.oncolines.com.3> All cell lines
have been licensed from the American Type Culture Collection (ATCC) Manassas, Virginia (US). Master
and working cell banks (MCB and WCB) were prepared by subculturing in ATCC-recommended media
and freezing according to ATCC recommended protocols (www.atcc.org). Cell line stocks for the assays
were prepared from the WCB. The MCB, WCBs and assay stocks were prepared within respectively 3, 6
and 10 passages of the ATCC vial. Solid powder of ROB433 was weighed on a calibrated balance and
dissolved in DMSO. At the day of the experiment, the compound stock (10 mM) was diluted in 3.16-fold
steps in DMSO to obtain a 9-point dilution series which were all further diluted 31.6 times in 20 mM
sterile HEPES buffer (pH 7.4). The final DMSO concentration during incubation was 0.4% in all wells. Cells
were diluted in the corresponding ATCC recommended medium and dispensed in a 384-well plate,
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depending on the cell line used, at a density of 100 - 6400 cells per well in 45 L medium. For each cell
line used, the optimal cell density was used. The margins of the plate were filled with PBS. Plated cells
were incubated in a humidified atmosphere of 5% CO: at 37°C. After 24 h, 5 L of compound (final
concentrations were between 3.16 nM — 31.6 uM) was added and plates were incubated for 72 h. At
t=end, 24 pyL of ATPlite 1Step™ (PerkinElmer) solution was added to each well and plates were
subsequently shaken for 2 min. After 10 min of incubation in the dark, the luminescence was recorded
on an Envision multimode reader (PerkinElmer). Each compound concentration was tested in duplicate
and half maximal inhibitory concentration (ICso), half maximal growth inhibition concentration (Glso) and
half maximal lethal dose (LDso) were determined as visualized by the graphs below.

Full efficacy Partial efficacy
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Controls cell proliferation

[t = O signal] — on a parallel plate, 45 pL cells were dispensed and incubated in a humidified atmosphere
of 5% COz at 37°C. After 24 h, 5 uL DMSO-containing HEPES buffer and 25 pL ATPlite 1Step™ solution
were mixed, and luminescence measured after 10 min of incubation (=luminescence:-o). [Reference
compound] - the ICso of reference compound doxorubicin is measured on a separate plate. The ICso is
trended. If the ICso is out of specification (0.32 - 3.16 times deviating from historic average) the assay is
invalidated. [Cell growth control] — the cellular doubling times of all cell lines are calculated from the t =
0 h and t = end growth signals of the untreated cells. If the doubling time is out of specification (0.5 —
2.0 times deviating from historical mean) the assay is invalidated. [t = end (untreated)] — for each cell
line, the maximum luminescence was recorded after incubation until t = end without compound in the
presence of 0.4% DMSO.

Drug sensitivity

The sensitivity distribution was analyzed across the tissue origin of the cell lines. The results are
presented in a boxplot (Figure 6.4A). Tissue and disease types were annotated according to a cell line
knowledge resource®® and binned according to a widely used standardized classification®’. Boxplots were
generated for tissue types represented by at least two Oncolines™ cell lines. The large group of cell lines
of colorectal origin was further divided according to a consensus classification based on gene
expression.>® These subtypes are biologically distinct and include CMS1 (MSl-immune), CMS2 (epithelial
and canonical), CMS3 (epithelial and metabolic), and CMS4 (mesenchymal). Colorectal cell lines which
could not significantly be assigned to a single subtype are annotated as ‘No label’.

Cell genetics

The mutation status of cell lines was established from a combination of public and proprietary (NTRC)
data. Based on public data (COSMIC Cancer Genome Project, version 80)*°#°, NTRC collected mutations,
amplifications and deletions in established cancer driver genes that occur in Oncolines™.*' For further
validation, a selection of 23 cancer genes were sequenced by NTRC by targeted and full exome
sequencing directly from the cell lines used in Oncolines™. As an extra filter, genetic changes were
required to be observed with a preset frequency in patient tumor samples in COSMIC, depending on the
type of genetic alteration. This discards sporadic, non-cancer-causing mutations. Cell lines were
classified as having a ‘wild type’ or a ‘'mutated’ genotype, where ‘mutated’ means: at least one allele
changed by point mutation, insertion, deletion, amplification or copy number variation. Analysis was
performed on genes that were mutated in at least three different Oncolines™ cell lines (98 genes in
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total). A subset of the most commonly occurring and best known cancer genes (38 in total) was analyzed
with type Il Anova analysis in the statistical program R. For the genes which were significantly associated
with drug response, genetic changes and drug sensitivities were visualized in waterfall plots.

Supplementary information
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Supplementary Figure 6.1 | Dose-response curves of inhibitors on cellular BUB1 target engagement. All data were
obtained using the target engagement assay as described in Chapter 5. U20S-BUB1°P-F1AG cells were pre-incubated with
different concentrations of indicated inhibitor (1 h, 37°C) followed by incubation with probe (1 uM, 1 h, 37°C). Cells were
lysed, proteins labeled by probe were visualized by conjugation to a Cy5 fluorophore using click chemistry and samples
were resolved by SDS-PAGE. In-gel fluorescence was measured, corrected for protein loading and normalized.
Corresponding pTEsg values are reported in Table 6.2. Data represents mean + SEM (N=3).
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Supplementary Figure 6.2 | Dose-response curves of paclitaxel and BUB1 inhibitors on U20S cell proliferation. All
data were obtained using an SRB assay. Cells were treated with indicated inhibitor (black curves) or inhibitor + 4 nM
paclitaxel (red curves) for 72 h after which cell proliferation was assessed. The effect of 4 nM of paclitaxel is indicated (red)
in the graph of paclitaxel. Corresponding plCs values are reported in Table 6.2, except for paclitaxel which is reported in
corresponding graph. Data represents mean + SEM (at least N=2, n=3).
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Supplementary Figure 6.3 | Representation of selectivity profiles of (A) ROB433 (15) and (B) ROB464 (16). Kinases not
inhibited (<50%) at a concentration of 1 uM are indicated in green, kinases inhibited (>50%) at 1 uM but not (<50%) at
100 nM are indicated in yellow and kinases inhibited (>50%) at both 1 uM and 100 nM are indicated in orange. Images
generated using KinMap3, reproduced courtesy of Cell Signaling Technology, Inc. (www.cellsignal.com).
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Supplementary Figure 6.4 | Comparison of tissue sensitivity between ROB433 and MPST1 inhibitors. Previously, ICso
data from ten MPST inhibitors in 66 cell lines of the Oncolines™ profiling service was reported.?' For each MPST inhibitor,
ICso values of cells originating from the same tissue, were averaged. Based on these averaged ICsq values, tissue sensitivity
was ranked per compound (in which rank 1 is the most sensitive tissue). Per tissue, a box was generated in which each
data point represents the rank of indicated tissue for one MPS1 inhibitor. The horizontal line inside each box represents
the median rank among all ten MPST inhibitors within that tissue. Tissues were sorted (x-axis) based on the most sensitive
tissue (=1) to ROB433 treatment among this panel of 66 cell lines. Of note, the tissue sensitivity rank of ROB433 varies
slightly from that reported in Figure 6.4A since only data from 66 instead of 102 cell lines were included in this data set.
The diagonal dashed line represents the same rank for both axes, median values close to this line therefore represents
tissue with similar sensitivity to both ROB433 and MPST inhibitors. Median values distant to this line represent sensitivity
to only either ROB433 or MPST inhibitors.
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Supplementary Table 6.1 | Results of Thermo Fisher Scientific's SelectScreen™ biochemical kinase profiling service in a
panel of 403 wild-type kinases (396 unique kinases, see Experimental section). Compound names (ROB433 (15) = 433 and
ROB464 (16) = 464) and test concentrations are indicated in the column header. Only kinases that were inhibited (>50%)
at a concentration of 1 uM were tested again at a concentration of 100 nM.

433 433 464 464 433 433 464 464 433 433 464 464
L) 1 0.1 UM 1 0.1 1 0.1 UM 1 0.1 1 0.1
AAKT 12 . CSNK1G1 (CK1y 1) 12 12 MAP2K2 (MEK2) 24 32 .

ABLT 28 CSNK1G2 (CK1y2) 13 19 MAP2K4 (MEK4) 21 28 .
ABL2 (Arg) CSNK1G3 (CK1y3) 7 14 MAP2KS (MEKS) [18200 24 87 37 -
ACVRT (ALK2) . CSNK2AT (CK2 1) 2 4 MAP2K6 (MKK) 11 30 .
ACVR1B (ALK4) CSNK2A2 (CK2 a2) 10 5 MAP3K10 (MLK2) - 28 - 37 .
ACVR2A . DAPK1 | 48 2 MAP3K11 (MLK3) 2 % -
ACVR28 . DAPK2 | 70 37 26 . MAP3K14 (NIK) ~ 56 11 11 .
ACVRLT (ALK1) . DAPK3 ZIPK) 32 7 MAP3K19 (YSKd) 52 35
ADCK3 . DCAMKLT (DCLKT) 0 3 MAP3K2 (MEKK2) 50 .
ADRBK1 (GRK2) 3 DCAMKL2 (DCK2) 5 5 MAP3K3 (MEKK3) .
ADRBK2 (GRK3) -1 1 DDR1 a5 . MAP3KS (ASK1) .
MAP3K7/MAP3K7IP1
AKT1(PKBa) 2 5 DDR2 . (TAKI-TABT) .
AKT2(PKBB) 6 3 DMPK . MAP3K8 (COT) +
AKT3 (PKB y) DNAPK MAP3K9 (MLK1)
ALK DYRK1A MAP4K1 (HPK1) .
AMPK (A1/B1/G1) DYRK1B MAPAK2 (GCK)
AMPK (A1/B1/G2) . DYRK2 . MAP4K3 (GLK) .
AMPK (A1/B1/G3) . DYRK3 MAP4K4 (HGK)
AMPK (A1/B2/G1) . DYRK4 MAPAKS (KHS1)
AMPK (A1/B2/G2) EEF2K MAPK1 (ERK2)
AMPK (A1/B2/G3) EGFR (ErbB1) MAPK10 (JNK3) .
AMPK (A2/B1/G1) EIF2AK2 (PKR) . MAPK11 (p38 B)
AMPK (A2/B1/G2) EPHAT MAPK12 (p38 y)
AMPK (A2/B1/G3) EPHA2 MAPK13 (p38 &)
AMPK (A2/B2/G1) . EPHA3 . MAPK14 (p38 o) £
AMPK (A2/B2/G2) . EPHA4 MAPK14 (p38 a) Direct
AMPK (A2/B2/G3) EPHAS MAPK15 (ERK7) .
ANKK1 . EPHAG . MAPK3 (ERK1)
AURKA (Aurora A) EPHAT . MAPKT (ERKS)
AURKS (Aurora B) EPHAS MAPK8 (INK1) .
AURKC (Aurora O) EPHB1 MAPKS (INK2) .
AXL EPHB2 MAPKAPK2
BLK EPHB3 MAPKAPK3
BMPRIA (ALK3) . EPHB4 MAPKAPKS (PRAK)
BMPR1B (ALK6) . ERBB2 (HER2) MARKT (MARK)
BMPR2 . ERBBA (HER4) MARK2
BMX ERNT . MARK3
BRAF . ERN2 . MARK4
BRSK1 (SAD1) FER MASTL .
BRSK2 . FES (FPS) MATK (HYL)
BTK FGFR1 MELK
CAMKT (CaMK1) + FGFR2 MERTK (cMER)
CAMK1D (CaMKI §) FGFR3 MET (cMet)
CAMK1G (CAMKIy) FGFR4 MINK1
CAMK2A (CaMKil a) MKNKI (MNK1)
CAMK2B (CaMKIlB) 5 5 FLT1 (VEGFRT) MKNK2 (MNK2) .
CAMK2D (CaMKIl §) 17 8 FLT3 MLCK2 (MLCK2) .
CAMK2G (CaMKIly) 5 5 . FLT4 (VEGFR3) MLK4 .
CAMK4 (CaMKIV) -2 17 FRAP1 (mTOR) MSTIR (RON)
CAMKK1 (CAMKKA) -1 34 . FRK (PTKS) MsT4
CAMKK2 (CaMKK B) 20 4 . FYN MUSK
CASK 0 4 . FYN A . MYLK (MLCK) .
CDC42BPA (MRCKA) 8 2 GAK . MVYLK2 (skMLCK)
CDC428BPB (MRCKB) -1 2 GRK1 . MYLK4 .
CDC42BPG (MRCKG) 22 39 GRK4 MYO3A (MYO3 a) .
coc7/oer4 80 35 10 . GRKS MYO3B (MYO3 B) .
CDK1/cyclinB 31 6 GRK6 NEK1
CDK11 (Inactive) 4 1 . GRK7 NEK2
CDK11/cyclinC 4 21 . GSG2 (Haspin) NEK4
CDK13/cyclink [167 19 -1 . GSK3A (GSK3 a) NEK6
CDK14 (PFTKT)/cyclinY | 53 7 8 . GSK3B (GSK3 B) NEK8 .
CDK16 (PCTK1)/cycliny |87 37 0730 29 - HCK NEK9
CDK17/cydlinY 53 25 11 HIPKT (Myak) NIMTK
CDK18/cyclinY 35 3 HIPK2 NLK .
CDK2/cyclin A~ 34 2 HIPK3 (YAK1) NTRKT (TRKA)
CDK2/cyclin A1 | 56 17 1 . HIPK4 NTRK2 (TRKB)
CDK2/cyclin E1 19 13 . HUNK . NTRK3 (TRKC)
CDK2/cyclin O 40 34 . IcK . NUAKT (ARKS)
CDK3/cyclinE1 51 7 -9 . IGF1R NUAK2 .
CDK4/cyclin D1 36 45 + IKBKB (IKK B) PAKT
CDK4/cyclin D3 45 46 + IKBKE (IKK epsilon) PAK2 (PAK65)
CDKS (Inactive) 26 42 . INSR PAK3
CDKs/p2s | 56 21 6 INSRR (IRR) PAK4
CDKs/p35 | 68 23 12 IRAK1 PAK6
CDK6/cyclinD1 | 55 15 | 61 6 IRAK3 . PAKT (KIAA1264)
CDK7/cyclin H/MNATT 36 -1 IRAK4 PASK
CDK8/cyclinC 15 5 . 1K PDGFRA (PDGFR )
CDK9 (Inactive) | 57 39 55 5 . IAKT PDGFRB (PDGFR B)
CDK9/cyclin K 14 48 . IAK2 PDK1 8 10 *
CDK/cyclin T1 29 62 1 JAK2 JH1 JH2 PDK1 Direct 20 - 1
CDKLS 16 28 IAK3 PEAKT | 54 30 1
CHEK (CHKT) 27 20 KDR (VEGFR2) PHKGT 6 6
CHEK2 (CHK2) 9 7 KIT PHKG2 4 5
CHUK (KK o) 34 KSR2 PIAK2A (PI4K2 ) 9 3 +
a9 LATS2 . PI4K2B (PI4K2B) 8 3 +
a2 | 45 LK PI4KA (Pl4K Q) 6 3 +
a6 LIMK1 . PI4KB (PKKB) 7 7
CLK4 20 . LIMK2 . PIK3C2A (PI3K-C20) 8 12
CSFIR (FMS) LRRK2 PIK3C2B (PI3K-C2B) 15 e 15t
oK 25 LRRK2 FL PIK3C2G (PI3K-C2Y) 25 37 +
CSNK1AT (CK1acl) 12 9 LTK (TYKT) PIK3C3 (VPS34) 6 3
CSNKIAIL 4 8 LYN A PIK3CA/PIK3RT (p110 a/p8S o) -8 0
CSNKID (CK18) 35 - 16 LYNB PIK3CA/PIK3R3 (p110 a/pS5y) 7 5 ¥
CSNKIE (CK1 epsilon) | 52 12 15 MAP2KT (MEK1) + PIK3CB/PIK3RT (p110B/p85 ) O -10
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Supplementary Table 6.1 (continued)

433 433 464 464 433 433 464 464 433 433 464 464
WMl 101 1 04 WMl 101 1 o1 WMl 101 1 04
PIK3CB/PIK3R2 (p110 B/p85 B) -5 E] T RPK3 740 19 71 42 - STK4 (MST1)
PIK3CD/PIK3RT (110 &/p85 @) 14 3 ROCKT 2 4 SYK
PIK3CG (p110y) 5 18 ROCK2 2 10 TAOK1 .
PIMT 0 2 ros1 [gaN| 32 NGS5 TAOK2 (TAOT)
PIM2 7 7 RPS6KAT (RSK1) = 52 8 47 TAOK3 (1K) .
PIM3 -1 7 RPS6KA2 (RSK3) | 67~ 22 51 5 TBK1
PIPAK2A -6 14 + RPS6KA3 (RSK2) 36 44 TEC .
PIPSK1A 37 44 + RPS6KA4 (MSK2) 20 26 TEK (Tie2)
PIPSK1B 55 54 12 i RPS6KAS (MSKT) 16 27 TESK1 .
PIPSK1C 50 55 6t RPS6KA6 (RSK4) | 65 22 | 66 8 TESK2 .
PKMYTT -6 14 -+ RPS6KBT (p70S6K) 45 40 TGFBRT (ALKS) .
PKNT(PRKT) 4 34 RPS6KB2 (p70S6Kb)  ND. N.D. 5 TGFBR2 .
PKN2 (PRK2) | 50 L 26 - SBK1 4 14 LK1 .
PLKI 4 1 SGK(SGKT) [ 58 18 20 TLK2 .
PLK2 4 20 sGk2 28 2 TNIK .
PLK3 -1 4 SGKL(SGK3) 3 2 TNK1
pLka [N 69 WGEM 79 - SK1 31 60 10 - TNK2 (ACK) .
PRKACA (PKA) 6 46 SIK3 25 33 . K .
PRKACB (PRKACB) 46 - 2 . SLK . T™@K
PRKACG (PRKACY) | 61 19 ECIN SNFILK2 52 32 Tvk2
PRKCA (PKCa) 33 15 SPHKT -3 4 TYRO3 (RSE)
PRKCBT (PKCBI) -7 22 SPHK2 -5 -19 + ULK1 .
PRKCB2 (PKCBI) 22 36 SRC | 53 37 [lean 23 uLk2 .
PRKCD (PKCE) 6 1 SRMS (Srm) 10 45 ULK3 .
PRKCE (PKC epsilon) 3 8 SRPKI 2 4 VRK2 .
PRKCG (PKCY) | 45 22 SRPK2 2 3 WEE .
PRKCH (PKCeta) 1 14 STK16 (PKL12) 23 61| 12 - WNK1 .
PRKCI (PKCiota) 4 8 STK17A (DRAK1) 23 6 . WNK2 .
PRKCN (PKD3) 31 e 12 STK178 (DRAK2) 57 . WNK3 .
PRKCQ (PKC theta) -4 STK22B (TSSK2) 2 3 YES1
PRKCZ (PKC zeta) -1 14 sTk22D (Tssk1) 84 30 9 ZAK 12 9 .
PRKDT (PKC mu) 40 - 13 STK23 (MSSK1) 0 =l AP0 7 9
PRKD2 (PKD2) 44 13 STK24 (MST3) 9 e s
PRKGT 4 7 STK25 (YsK1) 13 55 0
PRKG2 (PKG2) 16 21 STK3 (MST2) 15 34 9% inhibition
PRKX 4 10 STK328 (YANK2) [8601 44 . 100
PTK2 FAK) 5 30 STK32C (YANK3) | 54 9 ECTN
PTK2B (FAK2) STK33 | 59 11 55 10 - 50
PTK6 (Bri) STK38 (NDR) 36 29 .
RET STK38L (NDR2) 39 47 . o
RIPK2 . STK39 (STLK3) 24 50 .

« LanthaScreen technology, no ATP; = 10 uM ATP; # = 100 M ATP; N.D. = not determined.
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Supplementary Table 6.2 | Results of the Oncolines™ profiling service in a panel of 102 cancer cell lines originating from
different tissues. ROB433 (15) was tested at nine concentrations. Dose-response curves that were biphasic are indicated ().
Max eff.. maximal effect (%), plCso: half maximal inhibitory concentration, pGlsy: half maximal growth inhibitory
concentration, pLDsg: half maximal lethal dose, all as —log(molar concentration) and determined as described in the
Experimental section.

Cell line ATCC ref Tissue Disease pICso Max eff. (%) PGlso  pLDso
5637 HTB-9 Bladder/Urinary Tract Bladder carcinoma 6.00 98 6.07 5.76
769-P CRL-1933 Kidney Renal cell carcinoma 6.26 100 6.24 5.40
786-0 CRL-1932 Kidney Renal cell carcinoma 5.71 100 5.70 5.19
A-172 CRL-1620 CNS/Brain Glioblastoma 5.81 100 5.89 534
A-204 HTB-82 Soft tissue Embryonal rhabdomyosarcoma 5.91 100 5.99 537
A375 CRL-1619 Skin Amelanotic melanoma 6.06 100 6.07 4.92
A388 CRL-7905 Skin Squamous cell carcinoma 505 100 5.76 5.58
A-427 HTB-53 Lung Lung adenocarcinoma 5.95 100 5.97 5.69
A-498 HTB-44 Kidney Renal cell carcinoma 6.09 100 6.13 5.47
A-549 CCL-185 Lung Lung adenocarcinoma 5.53 100 5.59 4.92
A-704 HTB-45 Kidney Renal cell carcinoma 6.00 100 6.13 5.82
ACHN CRL-1611 Kidney Papillary renal cell carcinoma 6.03 100 6.05 5.59
AN3 CA HTB-111 Uterus Endometrial adenocarcinoma 728 38 <650 <550
AsPC-1 CRL-1682 Pancreas Pancreatic ductal adenocarcinoma 572 100 5.77 5.60
AU-565 CRL-2351 Breast Breast adenocarcinoma 539 99 5.46 5.24
BT-20 HTB-19 Breast Invasive ductal carcinoma 5.75 100 5.86 5.51
BT-549 HTB-122 Breast Invasive ductal carcinoma 5.80 100 5.87 536
BxPC-3 CRL-1687 Pancreas Pancreatic ductal adenocarcinoma 578 100 5.80 549
C-33A HTB-31 Cervix Cervical squamous cell carcinoma 5.87 100 591 5.70
CAL 27 CRL-2095 Head and Neck Tongue squamous cell carcinoma 6.19 100 6.19 571
CCF-STTG1 CRL-1718 CNS/Brain Astrocytoma 5.75 98 5.78 5.62
CCRF-CEM CCL-119 Lymphoid Childhood T acute lymphoblastic leukemia 6.52 98 6.54 6.29
COLO 205 CCL-222 Bowel Colon adenocarcinoma 5.94 100 5.96 5.57
COLO 829 CRL-1974 Skin Cutaneous melanoma 5.39 100 543 5.24
Daoy HTB-186 CNS/Brain Medulloblastoma 5.89 100 5.94 5.55
DB CRL-2289 Lymphoid Diffuse large B-cell lymphoma 6.51 100 6.57 6.29
DLD-1 CCL-221 Bowel Colon adenocarcinoma 5.50 100 5.52 4.94
DoTc24510  CRL-7920 Cervix Cervical carcinoma 5.67 100 5.72 5.25
DU 145 HTB-81 Prostate Prostate carcinoma 5.92 99 5.92 545
DU4475 HTB-123 Breast Breast carcinoma 5.91 100 5.97 5.70
ES-2 CRL-1978 Ovary/Fallopian Tube Ovarian clear cell adenocarcinoma 5.82 100 5.83 5.52
FaDu HTB-43 Head and Neck Hypopharyngeal squamous cell carcinoma 5.88 99 5.91 542
G-361 CRL-1424 Skin Melanoma 5.74 100 5.77 5.59
HCT 116 CCL-247 Bowel Colon carcinoma 6.27 98 6.22 531
HCT-15 CCL-225 Bowel Colon adenocarcinoma 5.85 100 5.85 5.05
HL-60 CCL-240 Myeloid Adult acute myeloid leukemia 5.76 100 5.79 5.63
Hs 578T HTB-126 Breast Invasive ductal carcinoma 6.23 100 6.30 572
Hs 746T HTB-135 Esophagus/Stomach Gastric adenocarcinoma 5.86 100 5.93 5.52
Hs 766T HTB-134 Pancreas Pancreatic adenocarcinoma 5.70 99 5.75 5.55
HT CRL-2260 Lymphoid Diffuse large B-cell lymphoma 5.82 100 5.86 5.68
HT-1080 CCL-121 Soft Tissue Fibrosarcoma 5.97 100 5.90 545
HuTu 80 HTB-40 Bowel Duodenal adenocarcinoma 6.66 100 6.65 553
)82 HTB-1 Bladder/Urinary Tract Bladder carcinoma 5.87 99 5.95 5.63
JAR HTB-144 Uterus Gestational choriocarcinoma 6.22 100 6.25 548
Jurkat E6.1 TIB-152 Lymphoid Childhood T acute lymphoblastic leukemia 5.92 100 5.96 5.63
K-562 CCL-243 Myeloid Chronic myelogenous leukemia 6.23 100 6.26 5.50
KATO 11l HTB-103 Esophagus/Stomach Signet ring cell gastric adenocarcinoma 7.00 70 6.98 <6.00-
KG-1 CCL-246 Myeloid Adult acute myeloid leukemia 6.97 68 7.00  <6.00+
KLE CRL-1622 Uterus Endometrial adenocarcinoma 5.59 100 5.75 542
KU812 CRL-2099 Myeloid Chronic myelogenous leukemia 5.96 100 6.00 5.85
LNCaP FGC CRL-1740 Prostate Prostate carcinoma 542 100 548 532
LoVo CCL-229 Bowel Colon adenocarcinoma 5.80 100 591 5.28
LS 1747 CL-188 Bowel Colon adenocarcinoma 6.15 100 6.14 543
LS411N CRL-2159 Bowel Cecum adenocarcinoma 591 100 5.95 544
MCF7 HTB-22 Breast Invasive ductal carcinoma 541 100 547 532
MeWo HTB-65 Skin Melanoma 572 100 5.74 5.56
MG-63 CRL-1427 Bone Osteosarcoma 5.93 100 5.95 574
MIA PaCa-2  CRL-1420 Pancreas Pancreatic ductal adenocarcinoma 5.88 100 591 5.50
MOLT-4 CRL-1582 Lymphoid Adult T acute lymphoblastic leukemia 5.85 100 5.91 5.66
NCCIT CRL-2073 Testis Testicular embryonal carcinoma 5.95 100 5.92 532
NCI-H460 HTB-177 Lung Large cell lung carcinoma 5.43 100 543 494
NCI-H661 HTB-183 Lung Large cell lung carcinoma 5.51 100 573 5.27
NCI-H82 HTB-175 Lung Small cell lung carcinoma 5.89 100 5.92 5.61
OVCAR-3 HTB-161 Ovary/Fallopian Tube High grade ovarian serous adenocarcinoma 5.62 100 5.79 539
PA-1 CRL-1572 Ovary/Fallopian Tube Ovarian mixed germ cell tumor 5.85 100 5.88 5.66
PC-3 CRL-1435 Prostate Prostate carcinoma 5.60 100 5.72 5.14
PFSK-1 CRL-2060 CNS/Brain Primitive neuroectodermal tumor 5.63 99 5.64 546
RD CCL-136 Soft tissue Embryonal rhabdomyosarcoma 6.19 100 6.30 5.56
RKO CRL-2577 Bowel Colon carcinoma 5.82 100 5.84 553
RL CRL-2261 Lymphoid Diffuse large B-cell lymphoma 6.00 100 6.04 5.68
RL95-2 CRL-1671 Uterus Endometrial adenosquamous carcinoma 5.69 100 5.74 5.58
RPMI-7951 HTB-66 Skin Melanoma 6.13 100 6.19 5.58
RS4-11 CRL-1873 Lymphoid Adult B acute lymphoblastic leukemia 6.34 100 6.36 5.89
RT4 HTB-2 Bladder/Urinary Tract Bladder carcinoma 5.87 100 6.07 541
SHP-77 CRL-2195 Lung Small cell lung carcinoma 5.45 96 5.54 5.21
SJCRH30 CRL-2061 Soft tissue Alveolar rhabdomyosarcoma 5.80 100 5.85 5.65
SK-N-AS CRL-2137 Peripheral Nervous System Neuroblastoma 5.72 100 5.78 545
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Supplementary Table 6.2 | (continued)

Profiling of benzimidazole-based BUBT inhibitors

Cell line ATCC ref Tissue Disease PICso Max eff. (%) PGlso_ pLDso
SK-N-FI CRL-2142 Peripheral Nervous System Neuroblastoma 5.93 99 6.06 5.62
SNU-5 CRL-5973 Esophagus/Stomach Gastric carcinoma 5.98 100 6.14 5.42
SNU-C2B CCL-250 Bowel Cecum adenocarcinoma 5.78 100 5.83 5.63
SR CRL-2262 Lymphoid Anaplastic large cell lymphoma 6.03 99 6.05 573
SU-DHL-1 CRL-2955 Lymphoid Anaplastic large cell lymphoma 5.87 100 5.88 5.58
SU-DHL-6 CRL-2959 Lymphoid Diffuse large B-cell lymphoma 6.17 99 6.31 5.77
SUP-T1 ACC140 Lymphoid Childhood T lymphoblastic lymphoma 5.69 100 571 5.52
SW48 CCL-231 Bowel Colon adenocarcinoma 6.51 87 6.52  <5.50-
SW480 CCL-228 Bowel Colon adenocarcinoma 5.60 100 561 541
SW620 CcCL-227 Bowel Colon adenocarcinoma 6.09 100 6.11 5.84
SW626 HTB-78 Bowel Colon adenocarcinoma 5.55 100 5.58 5.29
SW837 CCL-235 Bowel Rectal adenocarcinoma 5.55 99 5.66 5.07
SW872 HTB-92 Soft tissue Liposarcoma 5.67 100 5.70 5.02
SW900 HTB-59 Lung Squamous cell lung carcinoma 5.78 99 578 5.24
SW948 CCL-237 Bowel Colon adenocarcinoma 6.04 99 6.08 5.68
Sw982 HTB-93 Soft Tissue Biphasic synovial sarcoma 6.16 99 6.21 5.55
T24 HTB-4 Bladder/Urinary Tract Bladder carcinoma 5.87 100 5.86 5.64
T98G CRL-1690 CNS/Brain Glioblastoma 6.15 100 6.18 5.56
TCCSUP HTB-5 Bladder/Urinary Tract Bladder carcinoma 5.58 99 5.59 543
THP-1 TIB-202 Myeloid Childhood acute monocytic leukemia 5.22 99 5.25 5.10
a CRL-1803 Thyroid Hereditary thyroid gland medullary carcinoma 531 100 5.48 5.23
U-118 MG HTB-15 CNS/Brain Astrocytoma 5.80 100 5.83 5.60
U-20s HTB-96 Bone Osteosarcoma 5.93 100 5.99 5.65
U-87 MG HTB-14 CNS/Brain Glioblastoma 5.82 99 5.83 5.49
VA-ES-BJ CRL-2138 Soft Tissue Epithelioid sarcoma 557 100 5.59 542
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Chapter 7

Cancer is the overarching term for diseases in which abnormal cells divide in an uncontrolled
manner.” These cells can develop in and may subsequently spread to different types of tissue.
Hallmarks of cancer, which are biological capabilities that are acquired during the
development of a tumor, include, but are not limited to, sustaining proliferative signaling,
resisting cell death and metastasis.? In addition, there are characteristics that enable their
acquisition, including genetic instability.> The development of new anti-cancer drugs can
therefore be aimed at one or multiple hallmarks or at characteristics that enable these
hallmarks.? The research described in thesis covers several phases of a drug discovery
program (Figure 7.1) aimed at the discovery of small molecule kinase inhibitors for the
treatment of cancer. This chapter summarizes the work described in previous chapters and
provides future directions for further optimization and applications of the inhibitors.

Hit
identification

Hit to lead
optimization

Clinical
evaluation

In vivo studies:

Target selection PK/PD models

Figure 7.1 Simplified scheme of the different phases in drug discovery.

Target selection

Protein kinases are a prominent class of drug targets for the treatment of cancer.? Chapter 1
introduces the protein kinase budding uninhibited by benzimidazole 1 (BUB1) as therapeutic
target. BUB1 participates in the spindle assembly checkpoint (SAC), which is a safety
mechanism during mitosis that ensures correct chromosome segregation.* Many cancer cells
suffer from a weakened SAC and interference with these diminished checkpoints to further
disrupt SAC signaling is hypothesized to eventually result in cell death due to severe
chromosomal instability.>® Potential kinase targets of the SAC include monopolar spindle 1
(MPS1) and BUB1.>6 Previously, MPS1 inhibitors have been developed, some of which have
entered clinical trials.”® However, multiple mouse xenograft studies on MPS1 inhibitors only
showed single agent efficacy when administered near the maximum tolerated dose and
cotreatment with taxanes was therefore necessary to obtain the desired inhibition of tumor
growth.'"3 Novel inhibitors with good physicochemical properties that allow cellular BUB1
target engagement may result in single agent efficacy. This would make cotreatment with
taxanes dispensable, which is desired in view of the fact that these agents cause severe side
effects.” BUB1 was therefore selected as target for the discovery of novel inhibitors.

Hit identification

Chapter 2 describes the results of a high-throughput screen which was used for the discovery
of novel BUB1 inhibitors. A library of 53,408 compounds, enriched with kinase inhibitors, was
screened and resulted in 214 confirmed actives. After deselecting compounds that interfered
with the assay readout, and dose-response experiments, a qualified hit list of 25 structurally
diverse molecules was obtained. Hits 1 and 2 (Figure 7.2) were prioritized based on their
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favorable properties such as activity, molecular weight, ligand efficiency, lipophilicity and
lipophilic efficiency.’ Both hits were resynthesized and their activities were confirmed.

N
O g > HN-N N

N
1 2
plCsy =6.59 plCsy =6.78
MW =379 MW =381
LE =0.33 LE =0.34
cLogP =2.6 cLogP =0.4
LipE =4.2 LipE =6.5

Figure 7.2 | Prioritized hits 1 and 2 of high-throughput screen and corresponding physicochemical properties. plCsq: half
maximal inhibitory concentrations from high-throughput dose-response assay; MW: molecular weight (g/mol); LE: ligand
efficiency®, defined as: LE = (—RT * In(app. K;))/HA , where HA stands for the number of ‘heavy atoms’ (non-hydrogen
atoms); cLogP: LogP calculated by DataWarrior (v.5.2.1); LipE: lipophilic efficiency™, defined as: LipE = app. pK; — cLogP.

Hit to lead optimization

In Chapter 3, the structure-activity relationship (SAR) of hit 1 was investigated. Synthesis and
biochemical evaluation of 48 analogues resulted in the identification of compound 3 (Figure
7.3). Compared to hit 1, compound 3 which was significantly less lipophilic and due to its
slightly improved potency, a 10-fold better lipophilic efficiency was obtained. The docking
pose of compounds 1 and 3 in the kinase domain of BUB1 matched with the observed SAR.
Whereas the quinazoline N1 of 1 formed a hydrogen bond with the backbone of hinge amino
acid Tyr869, no hydrogen bonds were established with the hinge region in the docking pose
of compound 3. Instead, hydrogen bond formation was predicted between the pyrazole N2
and both Lys821 and Asp946 as well as between the pyrimidine N1 and Lys821.

Z>N1
X Il 1
HN T HN™N; r\.1§

PP o HO/\/O N C 0 N Nz
! HNTTS O~ N/) ~o N/)
3 R1 \NS 3 1 3
'R NT 7 pICsy =6.28 £ 0.05 pICs = 6.41%0.04
””””””””” app.K; = 185 nM app.K; = 136 nM
General structure MW =379 MW =349
cLogP =2.6 cLogP =1.7
LipE =4.1 LipE =5.1
tPSA =85 tPSA =96

Figure 7.3 | Chemical structures and physicochemical properties (as defined in Figure 7.2) of hit 1 and optimized hit 3.
plCso: half maximal inhibitory concentration, determined by the biochemical BUB1 assay; tPSA: topological polar surface
area (A?), calculated by Chemdraw (v.19.1).
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Chapter 4 describes a comprehensive structure-activity relationship (SAR) study of hit 2. In
total, 59 analogues were synthesized and biochemically evaluated. This yielded substituted
2-phenyl-5-methoxy-N-(3-(5-(morpholinomethyl)-1H-benzo[d]imidazol-2-yl)- 1H-pyrazol-
4-yl)pyrimidin-4-amines as highly potent BUB1 inhibitors, including compound 4 (Figure
7.4A), which is the most potent BUB1 inhibitor reported to date. To study the binding mode
of 4, the crystal structure of this compound bound to the kinase domain of BUB1 was
elucidated (Figure 7.4B,C). Compound 4 binds in the ATP pocket of BUB1 leaving the
regulatory (R)-spine’® intact. This indicated that 4 can be classified as a type | inhibitor.”” The
benzimidazole-pyrazole scaffold forms three hydrogen bonds with the backbone of hinge
amino acids Tyr869 and Glu867 of BUB1 (Figure 7.4B). An additional hydrogen bond is
formed between the pyrimidine N1 and the side chain of Lys821 which is mediated by a
water molecule. Furthermore, the morpholine is solvent exposed and the amine between the
pyrazole and pyrimidine forms an intramolecular hydrogen bond with the benzimidazole
nitrogen. The acetylene binds a pocket that is available due to the small size of the glycine
gatekeeper residue of BUB1 (Figure 7.4C).

o ‘ o
Aot O ool O
4
O™ "NH N 2 N NH N
= —> =
HN-N N ‘ ‘ HN-N N
2 4
pICsy = 6.66 + 0.02 pICs =8.68 £ 0.02
app.Ki =77 nM app.K; = 0.74 nM
MW =381 MW =525
cLogP = 0.4 cLogP = 2.6
LipE =6.7 LipE =6.4
tPSA =102 tPSA =107

B E867 G866 s C

Figure 7.4 | Hit optimization and crystal structure of optimized compound 4 bound to the kinase domain of human
BUBT. (A) Chemical structures and physicochemical properties (as defined in Figure 7.3) of hit 2 and optimized
compound 4. (B) Crystal structure of 4 bound to BUB1. Hydrogen bonds are visualized by dashed lines (yellow) and a water
molecule is represented by small sticks. 3-sheets 1-3 are semi-transparent for visualization purposes. (C) Representation
of the surface around amino acids within 8 A from 4.

Chapter 5 describes the development of a cellular BUB1 target engagement assay using
probe 58 (Figure 7.5) and gel-based activity-based protein profiling (ABPP). Probe 5 as well
as 16 analogues were synthesized. To study BUB1 labeling, a U20S cell line was generated
that stably overexpressed GFP-FLAG-BUB1. Labeling by all probes was evaluated in this cell
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line and probe 5 was found to show the most favorable labeling profile. Mutating Cys1080
to alanine completely abolished BUB1 labeling indicating that this amino acid is responsible
for the formation of a covalent bond. Labeling of BUB1 by probe 5 was dose- and time-
dependent and labeling could dose-dependently be outcompeted by BUB1 inhibitor
BAY1816032." This provided proof-of-principle for the use of 5 as BUB1 chemical probe that
allows for studying cellular BUB1 target engagement using gel-based ABPP.

Figure 7.5 | Chemical structure of probe 5.1

Chapter 6 focuses on further profiling a subset of the substituted 2-phenyl-5-methoxy-N-
(3-(5-(morpholinomethyl)-1H-benzo[d]imidazol-2-yl)-1H-pyrazol-4-yl)pyrimidin-4-amine
BUB1 inhibitors identified in Chapter 4 to study their potential as lead candidates for
therapeutic purposes. To this end, drug-likeness was studied by investigation of several in
vitro absorption, distribution, metabolism and excretion (ADME) assays. In addition, cellular
BUB1 target engagement was investigated by using the assay developed in Chapter 5. A
strong correlation was found between biochemical plCsp values and BUB1 target
engagement (Pearson’s r: 0.921, p-value: 0.0004), which suggested that cell permeability was
similar among the compounds tested and that target engagement was mainly driven by the
affinity for BUB1. Furthermore, the effects on U20S cell proliferation were explored by
sulforhodamine B (SRB) assays. These assays were performed with and without a low dose of
paclitaxel to investigate potential synergistic effects between BUB1 inhibition and
paclitaxel.”® A moderate correlation was found between BUB1 target engagement and plCsg
values of the SRB assays (Pearson’s r: 0.655, p-value: 0.056). This suggested that inhibition of
cell proliferation was, to a large extent, dependent on BUB1 inhibition, but that off-target
activity contributed to the observed effect. ROB433 (6) and ROB464 (7) showed the most
favorable profile (Figure 7.6, Table 7.1) with good physicochemical properties, subnanomolar
affinity for BUB1, good cellular BUB1 target engagement and an acceptable in vitro ADME
profile. Therefore, kinase selectivity was assessed for these compounds. At 100 nM, ROB433
and ROB464 were selective over 346 and 352 kinases, respectively, while 49 (ROB433) and
44 (ROB464) kinases were detected as off-targets. Finally, the antiproliferative activity of
ROB433 (6) was assessed in a panel of 102 cancer cell lines. Concentrations required for half
maximal growth inhibition (Glso) ranged from 101 nM (for KG-1 cells) to 5.57 uM (for THP-1
cells). The mean Glsg value among all cell lines was 1.43 uM, which indicated that ROB433
has a favorable cytotoxicity profile.
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ROB433 (6) ROB464 (7)

Figure 7.6 | Chemical structures of ROB433 (6) and ROB464 (7).

Table 7.1 | Summary of physicochemical properties (as defined in Figure 7.3), ADME properties, aqueous solubility and
activities of lead compounds ROB433 (6) and ROB464 (7).

ROB433 ROB464 ROB433 ROB464
Biochemical activity 8.57 + 0.02 8.62 + 0.03 Target engagement 7.50 +0.11 8.01 £ 0.09
(plCsp = SEM) (pTEso + SEM)
Apparent K; 0.94 0.84 U20S cell proliferation 6.32 +0.06 7.39+0.05
(nM) (pICso + SEM)
Molecular weight 535 553 Plasma stability 100 (h)* 100 (h)
(g/mol) (% remaining after 180 min) 100 (n)* 100 (r)
85 (m)*
cLogP 3.1 3.2 Microsomal stability 41 (h) 29 (h)
(t12 in min) 63 () 49 (r)
22 (m) 6.1 (m)
LipE 5.9 5.8 Microsomal clearance 8.4 (h) 12 (h)
(uL/min/mg) 22 (r) 28 (n
16 (m) 57 (m)
tPSA 107 107 Plasma protein binding 100 (h) 99.7 (h)
(A% (%) 100 (r) 99.7 ()
99.9 (m)
Aqueous solubility 44 6.0
(UM)

* (h): human, (r): rat, (m): mouse

Future directions

Chapter 3 describes the optimization of hit 1 to compound 3. Docking studies revealed a
different binding mode of 3 when compared to that of hit 1, in which the quinazoline N7 did
not form a hydrogen bond with the hinge region of BUB1. To provide evidence for this
proposed binding mode, a compound lacking the quinazoline N1 is proposed (Figure 7.7).
If this molecule would show similar activity, it may indeed suggest that it does not interact
with the hinge region of BUB1 and its predicted binding mode may provide future directions
for further analogue design.

The use of covalent drugs is an alternative approach to reversible kinase inhibition and has
been shown to have several benefits.?® Due to the formation of a covalent bond, irreversible
inhibitors have high potencies due to prolonged target occupancy. In addition, when off-
target binding only occurs in a reversible fashion, better selectivity can be achieved.
Furthermore, covalent inhibitors might be less prone to acquired resistance, as was reported
for covalent EGFR inhibition, which upon the T790M mutation improved affinity for ATP and
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thereby reduced efficacy of reversible inhibitors.???> Chapter 5 describes the validation of
compound 5 (Figure 7.5) as BUB1 probe which was found to covalently react with BUB1.
Compound 5 therefore provides an excellent starting point for the development of
irreversible BUB1 inhibitors. However, optimization of 5 proved challenging. Therefore,
crystallization of this compound in the kinase domain of BUB1 would allow for a more
rational design of novel covalent BUB1 inhibitors.

L L

| |

HN \N/Ll\.l} HN \N)\l\.l}
_o SN N= _o SN N=
~, /) \0 =

O N

3 Proposed analogue

Figure 7.7 | Proposed analogue of 3 to provide evidence for its predicted binding mode.

BUB1 is known to phosphorylate histone H2A at threonine 120.23 The importance of the
enzymatic activity of BUB1 in chromosome alignment is less well established since
contradicting results have been published.?*%’ In Chapter 6, ROB433 (6) and ROB464 (7)
were identified as lead BUB1 inhibitors with good cellular BUB1 target engagement which
provide opportunities to study aforementioned processes. A preliminary (N=1) study on the
effects of BUB1 inhibition on H2A phosphorylation and chromosome alignment was
therefore performed. To this end, human retinal pigment epithelial 1 (RPE1) cells, which are
frequently used to study mitosis®®, were synchronized in the G, phase by CDK1 inhibitor
RO-3306.%° After drug washout, cells were treated with monastrol, which causes monopolar
spindles due to inhibition of motor protein kinesin Eg5.3° Simultaneously, cells were treated
with a BUB1 inhibitor. Subsequently, another drug washout was performed to allow for
bipolar spindle assembly. Cells were then treated with MG132, a proteasome inhibitor to
prevent mitotic exit?!, and a BUB1 inhibitor. H2A phosphorylation was visualized by
immunofluorescence staining using an anti-H2A-p-T120 antibody. In addition, chromosome
alignment was investigated by staining of CENP-C, located at the inner kinetochore, tubulin
and DNA.

Quantification of H2A phosphorylation (H2A-p-T120) revealed a significant reduction of
H2A-p-T120 signal upon treatment with 100 nM of ROB433 and ROB464 (Figure 7.8A,C).
This confirmed inhibition of BUB1 in a cellular system. In contrast, 300 nM of BAY1816032
was required to match these results. To study chromosomal alignment, the
immunofluorescence images were used to classify cells into different phenotypes based on
their extent of chromosome alignment as determined by DAPI staining of DNA. Chromosome
alignment was dose-dependently impaired and more profound for ROB464 compared to
ROB433 (Figure 7.8B,C). BAY1816032 only moderately increased chromosome alignment
errors at both concentrations. Based on the observation that 100 nM ROB433 and ROB464
inhibited Aurora B in vitro (71 and 43%, respectively, Chapter 6), Aurora B may also be
(partially) inhibited in living cells. To investigate this, phosphorylation of one of Aurora B's
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targets, histone H3 at Ser103?, was investigated as described above. Immunofluorescence
staining by an anti-H3-p-S10 antibody revealed a significant reduction in phosphorylation of
H3Ser10 (H3-p-S10) in both ROB433 and ROB464 treated cells (Figure 7.9A,C). This reduction
was similar to cells treated with Aurora B inhibitor ZM44743933 (2 uM). Interestingly,
BAY1816032 also reduced phosphorylation of H3Ser10, whereas no in vitro inhibition of
Aurora B was observed for this compound.’ Previously, BUB1-mediated H2A
phosphorylation has been reported to control the localization and activity of Aurora B.%”
Whether direct inhibition of Aurora B by ROB433 and ROB464 is responsible for the observed
reduction of histone H3-S10 phosphorylation or that this is mediated via a reduction of H2A-
T120 phosphorylation, remains to be investigated. Of note, the fractions of moderately and
heavily misaligned phenotypes for ZM447439 treated cells were similar to those of ROB433
(300 nM) and ROB464 (100 nM) treated cells (Figure 7.9B,C).

Tubulin H2A-p-T120
A § 209, o C 2
° 0300 nM
- 159 o
§ 080 Vehicle
- o
& 101
3 0°8 r
0%o
* . o b s ROB433
L Rk B
> > >
F S
&L L E
& E L& & o
o @ 100nM|  ROB464
B Bl Aligned

Bm Moderately misaligned

Bl Heavily misaligned
mm Other BAY1816032

ROB433

Number of cells

300 nM ROB464

BAY1816032

Figure 7.8 | ROB433 and ROB464 reduce phosphorylation of histone H2A-T120 and induce chromosome alignment
errors in RPE1 cells. (A) Cells were synchronized by treatment with RO-3306 (5 pM, 16 h), monopolar spindles were
induced by treatment with monastrol (200 pM, 2 h), bipolar spindle assembly was then allowed during treatment with
MG132 (5 pM, 30 min). Drug washout was performed in between each treatment and during the treatment of monastrol
and MGT132 cells were cotreated with indicated inhibitor at indicated concentration. Cells were then permeabilized, fixed
and immunostained with antibodies for H2A-p-T120, CENP-C and tubulin. DNA was stained by DAPI. The fluorescence
intensity of H2A-p-T120 was determined in 22 cells per condition, unless fewer cells were available due to treatment-
related cellular defects, and normalized to vehicle-treated cells. (B) Cells were treated as in (A) and classified into four
different phenotypes based on chromosome alignment as determined by DNA staining: aligned, moderately misaligned,
heavily misaligned or other. Phenotypes of 20-25 cells were assessed per condition, unless fewer cells were available due
to treatment-related cellular defects. (C) Representative images corresponding to graphs in (A) and (B) based on the most
predominant phenotype as assessed in (B). Data represent mean with SEM (N=1).
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Figure 7.9 | ROB433 and ROB464 reduce phosphorylation of histone H3-510 and induce chromosome alignment
errors in RPET cells. (A) Cells were synchronized by treatment with RO-3306 (5 uM, 16 h), monopolar spindles were
induced by treatment with monastrol (200 uM, 2 h), bipolar spindle assembly was then allowed during treatment with
MG132 (5 pM, 30 min). Drug washout was performed in between each treatment and during the treatment of monastrol
and MG132 cells were cotreated with indicated inhibitor at indicated concentration. Cells were then permeabilized, fixed
and immunostained with antibodies for H3-p-510, CENP-C and tubulin. DNA was stained by DAPI. The fluorescence
intensity of H3-p-S10 was determined in 22 cells per condition and normalized to vehicle-treated cells. (B) Cells were
treated as in (A) and classified into four different phenotypes based on chromosome alignment as determined by DNA
staining: aligned, moderately misaligned, heavily misaligned or other. Phenotypes of 20-22 cells were assessed per
condition. (C) Representative images corresponding to graphs in (A) and (B) based on the most predominant phenotype
as assessed in (B). Data represent mean with SEM (N=1).

To further provide evidence that the observed phenotypes are attributed to BUB1 inhibition,
the cellular selectivity profiles of these compounds need to be investigated. Previously, a
broad-spectrum kinase probe, X044, was published which allowed for capturing over 130
kinases from a single cell line.34 Such probes can be used for activity-based protein profiling
in a chemical proteomics setting to investigate cellular selectivity >

Finally, to assess whether ROB433 and/or ROB464 are suitable for the investigation of their

anti-cancer properties, measuring pharmacokinetics is required. Measuring clearance,
volume of distribution, half-life, bioavailability and plasma exposure in mice will determine
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whether follow-up studies can be performed in mouse xenograft models or that further
optimization of these BUB1 inhibitors is required.

Concluding remarks

Research aimed at the identification of novel targets for the treatment of cancer is expanding
and small molecule inhibitors fulfill an important role in this process. The research described
in this thesis provides two lead inhibitors (ROB433 and ROB464) of the spindle assembly
checkpoint kinase BUB1, and an assay to measure cellular BUB1 target engagement.
Assessment of cellular BUB1 target occupancy, using the assay described in Chapter 5, will
be a valuable tool for future development of BUB1 inhibitors. In addition, the series of
substituted 2-phenyl-5-methoxy-N-(3-(5-(morpholinomethyl)-1H-benzo[d]imidazol-2-yl)-
1H-pyrazol-4-yl)pyrimidin-4-amines described in Chapter 4 include the most active BUB1
inhibitors known to date. Among this series, ROB433 and ROB464 showed excellent
properties, including single agent inhibition of cancer cell proliferation, which allow for
further evaluation of pharmacokinetic and pharmacodynamic studies in vivo. Both
compounds hold promise for their therapeutic application in the treatment of cancers which
currently lack a molecular target, such as triple-negative breast cancer.
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Experimental

Cell culture

RPE1 Flp-in cells were cultured at 37°C under 5% COz in Dulbecco’s Modified Eagle's Medium/Nutrient
Mixture F-12 Ham (DMEM/F12; Sigma D8062) supplemented with 9% (v/v) tetracycline-free fetal bovine
serum (FBS), penicillin and streptomycin (50 pg/mL each; Sigma (P0781)).

Immunofluorescence staining

For chromosome alignment assays and measuring histone phosphorylation, RPE1 cells were seeded at
40% confluency in 24-well plates on 1.5H 12 mm coverslips. Cells were synchronized by treatment with
RO-3306 (5 uM; Tocris (4181)) for 16 h, washed with pre-warmed DMEM/F12 five times and incubated
for 2 h in DMEM/F12 with monastrol (200 puM, Tocris (1305)) and vehicle or inhibitor (indicated
concentration) (final concentration (f.c.) DMSO was 0.5%). Cells were then carefully washed four times
with pre-warmed DMEM/F12 and incubated for 30 min in DMEM/F12 with MG132 (5 uM, Sigma (C2211))
and vehicle or inhibitor (indicated concentration) (f.c. DMSO was 0.5%), to allow chromosome alignment.
Subsequently, cells were permeabilized for 1 min with pre-warmed 0.5% Triton X-100/PHEM buffer
(=PIPES (60 mM), HEPES (25 mM), MgCl2:6H20 (2 mM), EGTA (10 mM), pH 6.9), followed by fixation for
10 min with pre-warmed 4% paraformaldehyde/PBS. After fixation, coverslips were washed three times
with PBS and blocked with 3% BSA in PBS for 1 h at RT. Primary antibodies, diluted in 3% BSA in PBS,
were added to the coverslips and incubated in a dark, humidified chamber for 16 h at 4°C. Subsequently,
cells were washed three times with 0.1% Triton X-100/PBS and incubated with DAPI and secondary
antibodies in 3% BSA in PBS for 1 h at RT. Coverslips were washed three times with PBS and mounted
onto glass slides using Prolong Gold antifade. All images were acquired on a deconvolution system
(DeltaVision Elite Applied Precision/GE Healthcare) with a x100/1.40 NA UPlanSApo objective (Olympus)
using SoftWorx 6.0 software (Applied Precision/GE Healthcare). Images were acquired as z-stacks at 0.2-
um intervals and deconvolved using SoftWoRx. Images were quantified using Fiji.*® Fluorescence
intensities were corrected for background signal and normalized to the average intensity of
vehicle-treated cells.

Antibodies: guinea pig anti-CENP-C (1:2000, MBL PD030), mouse anti-tubulin (1:10,000, Sigma T5168),
rabbit anti-H2A-p-T120 (1:1000, Active motif 39391), rabbit anti-H3-p-S10 (Millipore 06-570), Alexa
Fluor 647 goat anti-guinea pig (1:1000, Invitrogen A21450), Alexa Fluor 568 goat anti-mouse (1:1000,
Invitrogen A11031), Alexa Fluor 488 goat anti-rabbit (1:1000, Invitrogen A11034) or DAPI (1:1000, Sigma
D9542).
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Kanker is de overkoepelende term voor ziektes waarin abnormale cellen delen op een
ongecontroleerde manier.! Deze cellen kunnen zich ontwikkelen in, en vervolgens
verspreiden naar verschillende soorten weefsels. Hallmarks van kanker, ofwel de vermogens
van een biologisch systeem die worden opgedaan tijdens de ontwikkeling van een tumor,
omvatten, maar zijn niet gelimiteerd tot, de constante signalering voor celdeling, het bieden
van weerstand tegen celdood en metastase.? Daarnaast zijn er karakteristieken die deze
hallmarks mogelijk maken, zoals genetische instabiliteit.> De ontwikkeling van nieuwe anti-
kanker medicijnen kan daarom worden gericht op een of meer hallmarks van kanker of de
karakteristieken die deze hallmarks mogelijk maken.?2 Het onderzoek dat wordt beschreven
in dit proefschrift omvat verschillende fasen van een geneesmiddelenonderzoek (Figuur 1)
en is gericht op het ontdekken van kleine moleculen als kinaseremmers voor de behandeling
van kanker.

Selecteren Hit Hit-to-lead In vivo studies: Klinische

doeleiwit identificatie optimalisatie PK/PD modellen evaluatie

Figuur 1| Versimpelde weergave van de verschillende fasen van een geneesmiddelenonderzoek.

Het selecteren van een doeleiwit

Eiwitkinasen zijn een prominente klasse doeleiwitten van medicijnen voor de behandeling
van kanker.? Hoofdstuk 1 introduceert het eiwitkinase budding uninhibited by benzimidazole
7 (BUB1) als therapeutisch doeleiwit. BUBT maakt deel uit van het zogeheten spindle
assembly checkpoint (SAC), een beveiligingsmechanisme dat correcte chromosoom
segregatie verzekert tijdens mitose.# Veel kankercellen hebben een verzwakt SAC en de
hypothese is dat het verstoren van deze verzwakte controlepunten, om zo SAC signalen te
ontwrichten, uiteindelijk resulteert in celdood ten gevolgde van ernstige chromosoom
instabiliteit.>® Potentiéle kinase doeleiwitten van het SAC omvatten monopolar spindle 1
(MPS1) en BUB1.>¢ In het verleden zijn MPS1 remmers ontwikkeld waarvan sommigen in
klinische studies zijn onderzocht.”® Echter, verschillende muis xenotransplantatie studies
waarin  MPS1 remmers als monotherapie werden toegediend, lieten alleen een
therapeutische werking zien nabij de maximaal getolereerde dosering.'®'3 Hierdoor was een
combinatiebehandeling met taxanen vereist om de gewenste remming van tumorgroei te
verkrijgen.’®"3 Nieuwe remmers met goede fysicochemische eigenschappen, welke zorgen
voor de cellulaire BUB1 remmer-eiwit interactie (in het Engels: target engagement), kunnen
mogelijk een therapeutische werking hebben als monotherapie. Dit zou de
combinatiebehandeling met taxanen overbodig maken, wat gewenst is gezien het feit dat
deze therapeutische middelen voor ernstige bijwerkingen kunnen zorgen.™ BUB1 is daarom
gekozen als doeleiwit voor het ontwikkelen van nieuwe remmers.
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Hit identificatie

Hoofdstuk 2 beschrijft de resultaten van een high-throughput screen (HTS) die is gebruikt
voor het ontdekken van nieuwe BUB1 remmers. Een bibliotheek van 53.408 stoffen, verrijkt
met kinaseremmers, is gescreend en dit resulteerde in 214 bevestigde actieve stoffen. Na het
deselecteren van stoffen die interfereerden met de meetmethode, en dosis-respons
experimenten, werd een lijst verkregen van 25 structureel diverse hits. Hits 1 en 2 (Figuur 2)
werden geprioriteerd op basis van gunstige eigenschappen zoals activiteit, molecuulgewicht,
ligand efficiéntie, lipofiliciteit en lipofiele efficiéntie.' Beide hits zijn opnieuw gesynthetiseerd
en hun activiteit kon worden bevestigd.

A °
HN [ j
N
. HN/©\ 07 "NH .
HO > N m
A HN-N N

/O\/\o N
1 2
plCsq =6.59 plCsqg =6.78
MW =379 MW =381
LE =0.33 LE =0.34
cLogP =2.6 cLogP =04
LipE =4.2 LipE =6.5

Figuur 2 | Geprioriteerde hits 1 en 2 van de high-throughput screen en bijbehorende fysicochemische eigenschappen.
plCso: half-maximale inhibitie concentratie van high-throughput dosis-respons experiment; MW: molecuulgewicht (g/mol);
LE: ligand efficiéntie™, gedefinieerd als: LE = (—RT * In(app. K;))/HA , waar HA staat voor het aantal ‘zware atomen’ (niet-
waterstof atomen); cLogP: LogP berekend door DataWarrior (v.5.2.1); LipE: lipofiele efficiéntie’, gedefinieerd als: LipE =
app. pK; — cLogP.

Hit-to-lead optimalisatie

In Hoofdstuk 3 is de structuur-activiteitsrelatie (SAR) van hit 1 onderzocht. De synthese en
biochemische evaluatie van 48 analoga resulteerde in de identificatie van stof 3 (Figuur 3).
In vergelijking met hit 1 was stof 3 aanzienlijk minder lipofiel en door zijn lichtelijk verbeterde
activiteit werd een 10-voudige verbetering behaald met betrekking tot de lipofiele efficiéntie.
De gemodelleerde bindingsmodi van stoffen 1 en 3 in het kinasedomein van BUB1 kwamen
overeen met de geobserveerde SAR. Daar waar de quinazoline N1 van 1 een waterstofbrug
vormde met de backbone (ruggengraat) van hinge (scharnier-) aminozuur Tyr869, werden
geen waterstofbruggen vastgesteld met de hinge regio in de gemodelleerde bindingsmodus
van stof 3. In plaats daarvan werd een waterstofbrug voorspeld tussen de pyrazool N2 en
zowel Lys821 als Asp946 en daarnaast ook tussen de pyrimidine N1 en Lys821.
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Figuur 3 | Chemische structuren en fysicochemische eigenschappen (zoals gedefinieerd in Figuur 2) van hit 1 en
geoptimaliseerde hit 3. plCsy: half-maximale inhibitie concentratie, bepaald met de biochemische BUBT assay; tPSA:
topological polar surface area (A?), berekend door Chemdraw (v.19.1).

Hoofdstuk 4 beschrijft een uitgebreide structuur-activiteitsrelatie (SAR) studie van hit 2. In
totaal zijn er 59 analoga gesynthetiseerd en biochemisch geévalueerd. Dit resulteerde in
gesubstitueerde 2-phenyl-5-methoxy-N-(3-(5-(morpholinomethyl)-1H-benzo[d]imidazol-2-
yl)-1H-pyrazol-4-yl)pyrimidin-4-amines als zeer actieve BUB1 remmers, waaronder stof 4
(Figuur 4A), de meest actieve BUB1 remmer die tot op heden is gerapporteerd. Om de
bindingsmodus van 4 te bestuderen, is de kristalstructuur van deze stof in het kinasedomein
van BUB1 opgehelderd (Figuur 4B,C). Stof 4 bindt in de ATP-pocket van BUB1 en laat de
regulerende (R)-spine'® intact. Dit geeft aan dat 4 kan worden geclassificeerd als type |
remmer.'” De benzimidazool-pyrazool kern vormt drie waterstofbruggen met de backbone
van de hinge aminozuren Tyr869 en Glu867 van BUB1 (Figuur 4B). Een additionele
waterstofbrug wordt gevormd tussen de pyrimidine N1 en de zijketen van Lys821 welke
wordt gemedieerd door een watermolecuul. Verder wordt de morfoline blootgesteld aan het
oplosmiddel en de amine tussen de pyrazool en pyrimidine vormt een intramoleculaire
waterstofbrug met de stikstof van de benzimidazool. De acetyleen bindt een ruimte welke
beschikbaar is door de kleine omvang van het glycine gatekeeper-residu van BUB1 (Figuur
4Q).
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Figuur 4 | Hit optimalisatie en kristalstructuur van geoptimaliseerde stof 4 gebonden in het kinasedomein van
humaan BUBT. (A) Chemische structuren en fysicochemische eigenschappen (zoals gedefinieerd in Figuur 3) van hit 2 en
geoptimaliseerde stof 4. (B) Kristalstructuur van 4 gebonden in BUB1. Waterstofbruggen zijn gevisualiseerd met
stippellijnen (geel) en een watermolecuul is weergegeven als kleine stokjes. B-sheets 1-3 zijn semi-transparant voor
visualisatiedoeleinden. (C) Weergave van de oppervlakken van aminozuren welke zich binnen 8 A van 4 bevinden.

Hoofdstuk 5 beschrijft de ontwikkeling van een cellulaire methode om BUB1 target
engagement te meten met behulp van probe 5'® (Figuur 5) en gel-gebaseerde, activiteit-
gebaseerde eiwitprofilering (Engels: activity-based protein profiling, of ABPP). Probe 5 en 16
analoga zijn gesynthetiseerd. Om het labelen van BUB1 te onderzoeken is een U20S cellijn
gegenereerd die GFP-FLAG-BUB1 stabiel tot overexpressie brengt. De labeleigenschappen
van alle probes werden geévalueerd in deze cellijn en probe 5 liet het meest gunstige
labelprofiel zien. Het muteren van Cys1080 naar alanine voorkwam het labelen van BUB1
volledig en liet zien dat dit aminozuur verantwoordelijk is voor het vormen van een covalente
binding. Het labelen van BUB1 door probe 5 was dosis- en tijdsafhankelijk en het labelen kon
dosisafhankelijk worden voorkomen door BUB1 remmer BAY1816032."° Dit gaf proof-of-
principle voor het gebruik van 5 als BUB1 chemische probe welke het onderzoeken van BUB1
target engagement mogelijk maakt, gebruikmakend van gel-gebaseerde ABPP.
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Figuur 5 | Chemische structuur van probe 5.

Hoofdstuk 6 focust op de verdere profilering van een aantal van de gesubstitueerde 2-
phenyl-5-methoxy-N-(3-(5-(morpholinomethyl)-1H-benzo[d]imidazol-2-yl)-1H-pyrazol-4-
ylpyrimidin-4-amine BUB1 remmers die in Hoofdstuk 4 zijn geidentificcerd om hun
potentieel als lead kandidaat voor therapeutische doeleinden te onderzoeken. Hiertoe is de
drug-likeness (‘medicijn-gelijkenis’) onderzocht door middel van verschillende in vitro
absorptie, verdeling, metabolisme en uitscheiding (Engels: absorption, distribution,
metabolism and excretion, of ADME) assays. Daarnaast is cellulaire BUB1 target engagement
onderzocht, gebruikmakend van de methode die is ontwikkeld zoals beschreven in
Hoofdstuk 5. Er werd een sterke correlatie gevonden tussen de biochemische pICso waarden
en BUB1 target engagement (Pearson'’s r: 0.921, p-waarde: 0.0004). Dit suggereerde dat de
cel permeabiliteit van de stoffen die werden getest vergelijkbaar was en dat target
engagement voornamelijk werd beinvloed door de affiniteit voor BUB1. Verder werden de
effecten op proliferatie van U20S cellen onderzocht door middel van Sulforhodamine B (SRB)
assays. Deze assays werden uitgevoerd met en zonder een lage dosis van paclitaxel om een
potentieel synergistisch effect te onderzoeken tussen het remmen van BUB1 en paclitaxel.’®
Een minder sterke correlatie werd gevonden tussen BUB1 target engagement en de plCso
waarden van de SRB assays (Pearson’s r: 0.655, p-waarde: 0.056). Dit suggereerde dat de
remming van proliferatie van cellen grotendeels afhankelijk is van BUB1 remming, maar dat
off-target activiteit bijdraagt aan het geobserveerde effect. ROB433 (6) en ROB464 (7) lieten
het meest gunstige profiel zien (Figuur 6, Tabel 1) met goede fysicochemische
eigenschappen, subnanomolaire affiniteit voor BUB1, goede cellulaire BUB1 target
engagement en een acceptabel in vitro ADME-profiel. De kinase selectiviteit van beiden
stoffen is daarom onderzocht. Op een concentratie van 100 nM waren ROB433 en ROB464
selectief over 346 en 352 kinasen, respectievelijk, terwijl 49 (ROB433) en 44 (ROB464) kinasen
werden gedetecteerd als off-target. Tot slot zijn de antiproliferatieve effecten van ROB433
(6) onderzocht in een screen op 102 kankercellijnen. De concentratie die benodigd was om
half-maximale remming van celgroei te bereiken (Glso) varieerde van 101 nM (voor KG-1
cellen) tot 5,57 uM (voor THP-1 cellen). De gemiddelde Glso-waarde van alle cellijnen was
1.43 uM. Dit gaf aan dat ROB433 een gunstig cytotoxiciteitsprofiel heeft.
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ROB433 (6) ROB464 (7)

Figuur 6 | Chemische structuren van ROB433 (6) en ROB464 (7).

Tabel 1 | Overzicht van fysicochemische eigenschappen (zoals gedefinieerd in Figuur 3), ADME eigenschappen,
oplosbaarheid in water en activiteiten van lead stoffen ROB433 (6) en ROB464 (7).

ROB433 ROB464 ROB433 ROB464
Biochemische activiteit 8.57 + 0.02 8.62 + 0.03 Target engagement 7.50+0.11 8.01 £0.09
(plCsp = SEM) (pTEso + SEM)
Apparent K; 0.94 0.84 Proliferatie U20S cellen 6.32 + 0.06 7.39 + 0.05
(nM) (pICso = SEM)
Molecuulgewicht 535 553 Plasma stabiliteit 100 (h)* 100 (h)
(g/mol) (% restant na 180 min) 100 (r)* 100 (r)
85 (m)*
cLogP 3.1 3.2 Microsomale stabiliteit 41 (h) 29 (h)
(t1/2 in min) 63 (r) 49 (n)
22 (m) 6.1 (m)
LipE 59 5.8 Microsomale klaring 8.4 (h) 12 (h)
(uL/min/mg) 22 (r) 28 (n)
16 (m) 57 (m)
tPSA 107 107 Plasma eiwitbinding 100 (h) 99.7 (h)
(A% (%) 100 (1) 99.7 (1)
99.9 (m)
Oplosbaarheid in water 4.4 6.0
(HM)

* (h): humaan, (r): rat, (m): muis

Tot slot

Onderzoek dat gericht is op het identificeren van nieuwe targets voor de behandeling van
kanker groeit en kleine moleculen als kinase remmers vervullen een belangrijke rol in dit
proces. Het onderzoek dat is beschreven in dit proefschrift heeft geleid tot twee lead
remmers (ROB433 en ROB464) van het spindle assembly checkpoint kinase BUB1 en een assay
voor het meten van cellulaire BUB1 target engagement. Het bepalen van cellulaire BUB1
bezetting, gebruikmakend van de methode die is beschreven in Hoofdstuk 5, zal een
belangrijk hulpmiddel zijn voor de toekomstige ontwikkeling van BUB1 remmers. Daarnaast
bevat de reeks van gesubstitueerde 2-phenyl-5-methoxy-N-(3-(5-(morpholinomethyl)-1H-
benzo[d]imidazol-2-yl)-1H-pyrazol-4-yl)pyrimidin-4-amines uit Hoofdstuk 4 de meest
actieve BUB1 remmers die tot op heden zijn beschreven. ROB433 en ROB464, als onderdeel
van deze reeks, bezitten uitstekende eigenschappen, waaronder het remmen van de groei
van kankercellen als mono-behandeling. Dit staat toe om de farmacokinetische en
farmacodynamische eigenschappen van deze stoffen verder in vivo te onderzoeken. Beide
stoffen laten potentieel zien als therapeutische toepassing voor de behandeling van
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kankersoorten die op dit moment geen moleculair target hebben, zoals triple-negatieve
borstkanker.
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